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the fault, as subsequently ascertained by the repairing steamer,
was 1,846 ohms, its minimum resistance being about 100 ohms.
The total length of the looped cables was 720 knots, having a
resistance of 5,960 ohms.

It may be mentioned that in the ordinary ‘loop-potential”
test, applied to the same fault, the potential at the exposure
fell to a value of 0-085 of that of the battery, an inconveniently
small proportion.

Talle A.—-ScaLE Divisions,

V. .
48 16
63 20
76 27
85 31
95 34
108 38
118 42
127 46
134 48 (maxima)
mean 95 336

THE DISCHARGE OF A LEYDEN JAR.*

1t is one of the great generalisations established by Faraday, that
all electrical charge and discharge is essentially the charge and dis-
charge of a Loyden jar. It is impossible to charge one body alone.
Whenever a body is charged positively, some other body is ipso
Jacto charged negatively, and the two equal opposite charges are
connected by lines of induction. The charges are, in fact, simply
the ends of these lines, and it is as impossible to have one charge
without its correlative as it is to have one end of a piece of string
without there being somewhere, hidden it may be, split up into
strands it may be, but somewhere existent, the other end of that
string. :

This I suppose familiar fact that all charge is virtually that of a
Leyden jar being premised, our subject for this evening is at once
seen to be a very wide one, ranging, in fact, over the whole domain
of electricity. For the charge of a Leyden jar includes virtually
the domain of electrostatics ; while the discharge of a jar, since it
constitutes a current, covers the ground of current electricity all
except that portion which deals with phenomena peculiar to steady
currents. And since a current of electricity necessarily magnetises
the space around it, whether it flows in a straight or in a curved
path, whether it flow through wire or burat through air, the terri-
tory of magnctism is likewise invaded ; and inasmuch as a Leyden
jar discharge is oscillatory, and we now know the vibratory motion
called light to be really an oscillating electric current, the domain
of optics is seriously encroached upon.

But though the subject I have chosen would permit this wide
range, and though it is highly desirable to keep before our minds
the wide-reaching import of the most simple-seeming fact in con-
nection with such a subject, yet to-night I do not intend to avail
myself of any such latitude, but to keep as closely and distinctly as
possible to the Leyden jar in its homely and well-known form, as
constructed out of a glass bottle, two sheets of tinfoil and some
stickphast.

The act of charging such a jar I have permitted myself now for
some time to illustrate by the mechanical analogy of an inextensible
endless cord able to circulate over pulleys, and threading in some
portion of its length a row of tightly-gripping beads which are con-
nected to fixed beams by elastic threags.

The cord is to represent electricity ; the beads represent succes-
sive strata in tho thickness of the glass of the jar, or, if you like,
atoms of dielectric or insulating matter. Extra tension in the cord
represents negative potential, while a less tension (the nearest
analogue to pressure adapted to the circumstances) represents
positive potential. Forces applied to move the cord, such as
winches or weights, are electromotive forces ; a clamp or fixed ob-
struction represents a rheostat or contact-breaker ; and an excess
or defect of cord between two strata of matter represents a positive
or a negative charge.

. The act of charging a jar is now quite easily depicted, as shown
in the diagram oun next column.

To discharge the jar one must remove the charging E.M.F, and
unclamp the screw, i.e., close the circuit. The stress in the elastic
threads will then rapidly drive the cord back, the inertia of the

* Friday evening discourse at the Royal Institution of Great Britain, on
March 8, by Prof. Oliver Lodge, F.R.S. We are indebted to the Editor of
Nature for advanced proofs of this Lecture.

beads will cause it to overshoot the mark, and for an instant the
jar will possess an inverse charge. Back agnin the cord swings,
however, and a charge of same sign as at first, but of rather less
magnitude, would be found in the jar if the operation were now
suspended. If it be allowed to go on, the cscillations gradually
subside, and in a short time everything is quiescent, and the jar is
completely discharged.

All this occurs in the Leyden jar, and the whole series of oscil-
lations, accompanied by periodic reversal and re-reversal of the
charges of the jar, is all accomplished in the incredibly short space
of time occupied by a spark.

Consider now what the rate of oscillation depends on. Manifestly
on the elasticity of the threads and on the inertia of the matter
which is moved. Take the simplest mechanical analogy, that of
the vibration of a loaded spring, like the reeds in a musical box.
The stiffer the spring, and the less the load, the faster it vibrates.
Give a mathematician these data, and he will calculate for you the
time the spring takes to execute one complete vibration, the
¢ period ” of its swing. [Loaded lath in vice.

The electrical problem and the electrical solution are precisely
the same. That which corresponds to the flexibility of the spring
is in electrical language called static capacity, or, by Mr. Heaviside,
permittance. That which corresponds to the inertia of ordinary
matter is called electro-magnetic inertia, or self-induction, or, by
Mr. Heaviside, inductance.

Increase cither of these, and the rate of oscillation is diminished.
Increasing the static capacity corresponds to lengthening the spring ;
increasing the sclf-induction corresponds to loading it.

Now the static capacity is increased simply by using a larger jar,
or by combining a number of jars into a battery in the very old-
established way. Increase in the self-induction is attained by
giving the discharge more space to magnetise, or by making it
magnetise a given space more strongly. For electro-magnetic
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Mechanical analogy of a circnit partly dielectric : for instance, of a charged candenser.
A is its positive coat, B its negative, (' D pull ya, W welght, S set screw.

inertia is wholly due to the magnetisation of the space surrounding
a current, and this space may be increased or its magnetisation
intensified as much as we please.

To increase the space we have only to make the discharge take a
long circuit instead of a short one. Thus, we may send it by a wire
all round the room, or by a telegraph wire all round a town, and all
the space inside it and some of that outside will be more or less
magnetised. More or less, I say; and it is a case of less rather
than more. Practically very litsle effect is felt except close to the
conductor, and accordingly the self-induction increases very nearly
proportionally to the length of the wire, and not in proportion to
the area enciosed, provided the going and return wires are kept &
reasonable distance apart, so as not to encroach upon each other’s
appreciably magnetised regions.

But it is just as effective, and more compact, t> intensify the
magnetisation of a given space by sending the current hundreds of
times round it instead of only once ; and this is done by inserting
a coil of wire into the discharge circuit.

Yet a third way there is of increasing the magnetisation of a given
space, and that is to fill it with some very magnetisable substance,
such as iron. This, indeed, is a most powerful method under many
circumstances, it being possible to increase the magnetisation, and
therefore the self-induction or inertia of the currens, some 5,000
times by the use of iron.

But in the case of the discharge of a Leyden jar iron is of no
advantage. The current oscillates so quickly that any iron _intro-
duced into its circuit, however subdivided into thin wires it may
be, is protected from magnetism by inverse currents induced in its
outer skin, as your Professor of Natural Philosophy* has shown, and

. * Lord Rayleigh .o
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accordingly it does not get magnetised ; and so far from increasing
the inductance of the discharge circuit it positively diminishes it b
the reaction effect of these induced currents ; it acts, in fact, much
as a similar mass of tin might be expected to do.

The conditions determining rate of oscillation being understood
we have next to consider what regulates the damping out of the
vibrations, i.e., the total duration of the discharge.

Resistance is one thing. To check the oscillations of a vibrating
spring you apply to it friction, or make it move in a viscous medium,
and its vibrations are speedily damped out. The friction may be
made 8o great that oscillations are entirely prevented, the motion
being a mere dead-beat return to the position of equilibrium ; or,
again, it may be greater still, and the motion may correspond to a
mere leak or slow sliding back, taking hours or days for its accom-
plishment. With very large condensers, such as are used in tele-
%‘raphy, this kind of discharge is frequent, but in the case of a

eyden jar discharge it is entirely exceptional. It can be caused
by including in the circuit a wet string, or a capillary tube full of
distilled water, or a slab of wood, or other atrociously bad con-
ductor of that sort; but the conditions ordinarily associated with
the discharge of a Leyden jar, whether it discharge through a long
or a short wire, or simply through its tongs, or whether it overflow
its edge or Yuncture its glass, are such as correspond to oscillations,
and not to leak. [Discharge jar through capillary water tube.]

When the jar is made to leak through wood or water the dis-
charge is found to be still not steady : it is not oscillatory, indeed,
but it is intermittent. It occurs in a series of little jerks, as when
a thing is made to slide over a resined surface. The reason of this
is that the terminals discharge faster than the circuit can supply
the electricity, and so the flow is continually stopped and begun
again.

Such a discharge as this, consisting really of a succession of small
si;:arks, may readily appeal to the eye as a single flash, but it lacks
the noise and violence of the ordinary discharge ; and any kind of
moving mirror will easily analyse it into its constituents and show
it]atao ]be intermittent. [Look at sparks waggling head or opera-
glass.

Itis Fretty safe to say, then, that whenever a jar discharge is
not oscillatory it is intermittent, and when not intermittent is oscil-
latory. There is an intermediate case when it is really dead beat,
but it could only be hit upon with apecial care, while its occurrence
by accident must be rare. .

So far I have only mentioned resistance or friction as the cause
of the dying out of the vibrations ; but there is another cause, and
that & most exciting one.

The vibrations of a reed are damped partly indeed by friction
and imperfect elasticity, but partly also by the energy transferred
to the surrounding medium and consumed in the production of
sound. It is the formation and propagation of soun£waves which
largely damp out the vibrations of any musical instrument. So it
is also in electricity. The oscillatory discharge of a Leyden jar
disturbs the medium surrounding it, carves it into waves which
travel away from it into space : travel with a velocity of 185,000
;nill:s]a second : travel precisely with the velocity of light. [Tuning
ork.

The second cause, then, which damps out the oscillations in a
discharge circuit is radiation—electrical radiation, if you like so to
distinguish it, but it differs in no respect from ordinary radiation
(or “ radiant heat,” as it has so often been called in this place), it
differs in no respect from Light except in the physiological fact
that the retinal mechanism, whatever it may be, responds only to
waves of a particular, and that a very small, size, while radiation
in general may have waves which range from 10,000 miles to a
millionth of an inch in length.

The seeds of this great discovery of the nature of light were
sown in this place ; it is all the outcome of Faraday’s magneto-
electric and electrostatic induction ; the development of them into
a rich and full-blown theory was the greatest part of the life-work
of Clerk-Maxwell ; the harvest of experimental verification is now
being reaped by a German ; but by no ordinary German. Dr.
Hertz, now Professor in the Polytechnicum of Karlsruhe, is a
{i)ung investigator of the highest type. Trained in the school of

elmholtz, and endowed with both mathematical knowledge and
great experimental skill, he has immortalised himself by a brilliant
series of investigations which have cut right into the ripe corn of
scientific opinion in these islands, and by the same strokes as have
harvested the grain have opened up wide and many branching
avenues to other investigators.

At one time T had thought of addressing you this evening on the
subject of these researches of Hertz, but the experiments are not
yet reproducible on a scale suited to a large audience, and I have
been so closely occupied with some not wholly dissimilar, but inde-
pendently-conducted, researches of my own—researches led up
to through the unlikely avenue of lightning conductors—that I have
had as yet no time to do more than verify some of them for my
own edification.

In this work of repetition and verification Prof. Fitzgerald has,

as related in a recent number of Nuture, probably gone further ;
and if I may venture a suggestion to your hon. secretary, I feel
sure that a discourse on Hertz's researches from Prof. Fitzgerald
next year would be not only acceptable to you, but would be highly
conducive to the progress of science.

I have wandered a little from my Leyden jar, and I must return
to it and its oscillations. Let me very briefly run over the history
of our knowledge of the oscillatory character of a Leyden jar dis-
charge. It was first clearly realised and distinctly stated by that
excellent experimentalist, Joseph Henry, of Washington, a man
not wholly unlike Faraday in his mode of work though doubtless
possessing to a less degree that astonishing insight into intricate
and obscure phenomena ; wanting also in Faraday’s circumstantial
advantages.

This great man arrived at a conviction that the Leyden jar dis-
charge was oscillatory by studying the singular phenomena attend-
ing the magnetisation of st.ee{needles by a Leyden jar discharge,
first observed in 1824 by Savary. Fine needles, when taken out of
the magnetising helices, were found to be not always magnetised in
the right direction, and the subject is referred to in German books
as anomalous magnetisation. It is not the magnetisation which is
anomalous, but the currents which have no simple direction ; and
we find in a memoir published by Henry, in 1842, the following
words : —

‘* This anomaly, which has remained so long unexplained, and
which, at first sight, appears at variance with all our theoretical
ideas of the connection of electricity and magnetism, was, after
considerable study, satisfactorily referred by the author to an action
of the discharge of the Leyden jar which had never before been
recognised. The discharge, whatever may be its nature, is not
correctly represented (employing for simplicity the theory of
Franklin) by the single transfer of an imponderable fluid from one
side of the jar to the other ;: the phenomenon requires us to admit
the existence of a principal discharge in one direction and then several
reflex actions backward and forward, each more feeble than the preced-
ing, until the equilibrium is obtained. All the facts are shown to be
in accordance with this hypothesis, and a ready explanation is
afforded by it of a number of phenomena, which are to be found
in the older works on electricity, but which have until this time
remained unexplained.”’*

The italics are Henry’s. Now if this were an_isolated passage it
might be nothing more than a lucky guess. But it is not. The
conclusion is one at which he arrives after a laborious repetition
and serious study of the facts, and he keeps the idea constantly
before him when once grasped, and uses it in all the rest of his
researches on the subject. The facts studied by Henry do, in my
opinion, support his conclusion, and if I am right in this it follows
that he is the original discoverer of the oscillatory character of a
spark, although he does not attempt to state its theory. That was
first done, and completely done, except as regards radiation loss
of energy, in 1853, by Sir William Thomson ; and the progress
of experiment by Feddersen, Helmholtz, Schiller and others, has
done nothing but substantiate it.

The writings of Henry have been only quite recently collected
and published by the Smithsonian Institution of Washington in
accessible form, and accordingly they have been far too much
ignored. The two volumes contain a wealth of beautiful experi-
ments clearly recorded, and well repay perusal.

The discovery of the oscillatory character of a Leyden jar dis-
charge may seem a small matter, but it is not. One has only to
recall the fact that the oscillators of Hertz are essentially Leyden
jars—one has only to use the phrase ‘‘ electro-magnetic theory of
iight. ” to have some of the momentous issues of this discovery flash
before one.

One more extract I must make from that same memoir by Henry, +
and it is a most interesting one ; it shows how near he was, or
might have been, to obtaining some of the results of Hertz, though,
if he had obtained them, neither he nor any other experimentalist
could possibly have divined their real significance.

It is, after all, the genius of Maxwell and of a few other great
theoretical physicists whose names are on everyone’s lips{ which
endows the simple induction experiments of Hertz and others with
such stupendous importance.

Here is the quotation :—

‘‘In extending the researches relative to this part of the inves-
tigations, a remarkable result was obtained in regard to the dis-
tance at which induction effects are produced by a very small quan-
tity of electricity ; a single spark from the prime conductor of a

* ‘“Scientific Writings of Joseph Henry,” Vol. L, p. 201. Published by
the Smithsonian lnstitution, Washington, 1836.

+ Loe. cit., p. 204.

% And of one whose name is not yet on everybody’s lips, but whose pro-
found researches into electro-magnetic waves have penetrated further than
anybody yet understands into the depths of the subject, and whose Papers
have very likely contributed largely to the theoretical inspiration of Hertz,
1 mean that powerful mathematical physicist, Mr. Oliver Heaviside.
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machine, of about an inch long, thrown on to the end of a circuit
of wire in an upper room, produced an induction sufficiently pnwer-
ful to magnetise needles in a parallel circuit of wire placed in the
cellar beneath, at a perpendiculgr distance 30 feet, with two floors
and ceilings, each 14 inches thick, intervening. The author is dis-
posed to adopt the hypothesis of an electrical plentm [in other
words, of an ether], and from the foregoing experiment it would
appear that a single spark is sufficient to disturb perceptibly tho
clectricity of space throughout at least a cube of 400,000 feet of
capacity ; and when it is considered that the magnetism of the
needle is the result of the difference of two actions, it may be fur-
ther inferred that the diffusion of motion in this case is almost
cor;xp;ruble with that of a spark from a flint and steel in the case
of light.”

Comparable it is, indeed, for we now know it to be the self-same
process. '

One immediate consequence and easy proof of the oscillatory
character of a Leyden jar discharge is the occurrence of phenomena
of sympathetic resonance.

Everyone knows that one tuning fork can excite another at a
reasonhable distance if both are tuned to the same note. Everyone
knows, also, that a fork can throw a stretched string attached to it
into sympathetic vibration if the two are tuned to unison or to some
simple harmonic. Both these facts have their electrical analogue.
1 have not time to go fully into the matter to-night, but 1 may just
mention the two cases which I have myself specially noticed.

A Leyden jar discharge can so excite a similarly-timed neigh-
bouring Leyden jar circuit as to cause the latter to burst its dielectric
if thin and weak enough. The well-timed impulses accumulate in
the neighbouring circuit till they break through a quite perceptible
thickness of air. Put the circuits out of unison by varying the
capacity or by including a longer wire in one of them ; then, although
the added wire be a coil of several turns, well adapted to assist
mutual induction as ordinarily understood, the effect will no longer
occur. .

That is one case, and it is the electrical analogue of one tuning-
fork exciting another. It is too small at present to show here satis-
factorily, for I only recently observed it, but it is exhibited in the
library at the back.

The other case, analogous to the excitation of a stretched string
of proper length by a tuning fork, I published last year under the
name of the experiment of the recoil kick, where a Leyden jar
circuit sends waves along a wire connected by one end with it,
whicll: waves splash off at the far end with an electric brush or long
spark.

p1 will show merely one phase of it to-night, and that is the re-

action of the impulse accumulated in the wire upon the jar itself,
causing it to either overflow or burat. [Sparks of gallon or pint jar
made to overflow by wire round room. J*

The early observations by Franklin on the bursting of Leyden
jars, and the extraordinary complexity or multiplicity of the frac-
ture that often results, are most interesting.

His electric experiments, as well as Henry’s, well repay perusal,
though of course they belong to the infancy of the subject.

He notes the striking fact that the bursting of a jar is an extra
occurrence; it does not replace the ordinary discharge in the proper
place, it accompanies it ; and we now know that it is precipitated by
it, that the spark occurring properly between the knobs sets up such
violent surgings that the jaris far more violently strained than by
the static charge or mere difference of potentials between its
coatings ; and if the surgings are at all even roughly properly timed,
the jar is bound to either overflow or burst.

Hence a jar should always be made without a lid, and with a lip
protruding a carefully considered distance above its cuatings; not
80 favr as to fail to act as a safety valve, but far enough to prevent
overflow under ordinary and easy circumstances.

And now we come to what is after all the main subject of my
discourse this evening, viz:, the optical and audible demonstration
of the oscillations occurring in the Leyden jar spark. Such a
demonstration has, so far as I know, never before been attempted,
but if nothing goes wrong we shall easily accomplish it.

And first I will do it audibly. To this c¢nd the oscillations must
be brought down from their extraordinary frequency of a million or

* During this experiment the audience observed the gilding of the paper
brightly sparkling on the walls of the room. It was probably the primary
result of the absorption of the electric waves. When light falls on metal
it excites electric currents and is reflected. The large waves of electric
radiation with which the room was full during the discharge of the jar
excited visible electric currents in the act of being reflected by the gilt walls.
It is the same kind of thing as in other forms I have often noticed in con-
nection with lighting conductor experiments, and is only another illustra-
tion of the danger attending the best conductors as ordinarily arranged. It
was this kind of splashing or surging of electricity which recently set on
tire the Hotel de Ville at Brussels, so elaborately and exceptionally well
protected by M. Melsens. This suggested explanation is merely tentative
and temporary. 1 have had no time t investigate the matter locally.

hundred thousand a second to a rate within the limits of human
audition. One does it exactly as in the case of the spring—one firat
increases the flexibility and then one loads it. [Spark from battery
of jars aud varying sound of same.]

Using the largest battery of jars at our disposal, I take the spark
between these two knobs—not a long spark, }in. will be quite sufti-
ciont. Notwithstanding the great capacity, the rate of vibration
is still far above the limit of audibility, and nothing but the
customary crack is heard. I next add inertia to the circuit by
including a great coil of wire, and at once the spark changes
character, becoming a very shrill but an unmistakable whistle, of a
3uality approximating to the cry of a bat. Add another coil, and

own comes the pace once more, to something like 5,000 per
second, or about the highest note of a piano. Again and again 1
load the circuit with magnetisability, and at last the spark has only
500 vibrations a second, giving the octave above the middle C.

One sees clearly why one gets a musical note : the noise of the
spark is due to a sudden heating of the air; now if the heat is
oscillatory, the sound will be oscillatory too, but both will be an
octave above the electric oscillation, if I may so express it, because
two heat-pulses will accompany every complete electric vibration,
the heat production being independent of direction of current.

Having thus got the frequency of oscillation down to so manag-
able a value, the optical analysis of it presents no difliculty : a
simple looking-glass waggled in the hand will suffice to spread out
the spark into a serrated band, just as can be done with a singing
or a sensitive flame, a band, too, of very much the same ap-
pearance.

Using an ordinary four-square rotating mirror driven electro-
magnetically at the rate of some two or three revolutions per second,
the band is at the lowest pitch seen to be quite coarsely serrated ;
and fine serrations can be seen with four revolutions per second
in even the shrill whistling sparks.

The only difficulty in seeing these effects is to catch them at the
right moment. They are only visible for a minute fraction of a
revolution, though the band may appear drawn out to some length.
The further away a spark is from the mirror, the more drawn out it
is, but also the less chance there is of catching it.

With a single observer it is easy to arrange a contact maker on
the axle of the mirror which shall bring on the discharge at the
right place in the revolution, and the observer may then conven-
iently watch for the image in a telescope or opera-glass, though at
the lower pitches nothing of the kind is necessary.

But to show it to a large audience various plans can be adopted.
One is to arrange for several sparks instead of one ; another is to
multiply images of a single spark by suitably adjusted reflectors,
which if they are concave will give magnified images ; another is to
use several rotating mirrors ; and, indeed, I do use two, one adjusted
80 as to suit the spectators in the gallery.

But the best plan that has struck me is to combine an intermit-
tent and an oscillatory discharge. Have the circuit in two branches,
one of high resistance so as to give intermittences, the other of or-
dinary resistance 80 a8 to be oscillatory, and let the mirror analyse
every constituent of the intermittent discharge into a serrated
band. There will thus be not one spark, but a multitude of suc-
cessive sparks, close enough together to sound almost like one,
separate enough in the rotating mirror to be visible on all sides at
once, and each one analysed into a serrated band. '

But to achieve it one must have great exciting power. In spite
of the power of this magnifient Wimshurat inachine, it takes some
time to charge up our great Leyden battery, and it is tedious
waiting for each spark. For a single observer 1t does excellently ;
for a number of observers one wants an instrument which shall
charge the battery not once only, but many times over, with over-
flows between, and all in the twinkling of an eye.

To get this I must abandon my friend Mr. Wimshurst, and
return to Michael Faraday. In front of the table is a great induc-
tion coil ; its secondary has the resistance needed to give an inter-
mittent discharge. The quantity it supplies at a single spark will
fill our jar to overflowing several timnes over. [Excite jars by coil.]

Running over the gamut with this coil now used as our exciter
instead of the Wimshurst machine—everything else remaining
exactly as it was—you hcar thc sparks give the same notes as
before, but with a slight rattle in addition, indicating intermittence
as well as alternation. Rotate the mirror, and every onc should
see one or other of the serrated bands of light at nearly every
break of the primary current of the coil. [Rotating mirror to
analyse sparks.

The musical sparks which I have now shown you were obtained
by me during a special digression* for the purpose while examining
the effect of discharging a Leyden jar round heavy glass or bisul-
phide of carbon. The rotation of the plane of polarisation of light
by a steady current, or by a magnetic tield of any kind properly dis-
posed with respect to the rays of light, is a very familiar one in

* A conversation with Sir W. Thomson at Christmas had probably some-
thing to do with my seeing the interest. of wetting slow oscillations. My
chief attention has been directed to quick oacillations,
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this place. Perhaps it is known also that it can be done by a Ley-
den jar current. But I do not think it is; and the fact seems to
me very interesting. It is not exactly new—in fact, as things go
now it may be almost called old, for it was investigated six or seven
years ago by two most highly skilled French experimenters, Messrs.
Bichat and Blondlot.

But it is exceedingly interesting as showing how short a time,
how absolutely no time is needed by heavy glass to throw itself
into the suitable rotatory condition. Some observers have thought
they had proved that heavy glass requires time to develop the effect,
by spicning it between the poles of a magnet and seeing the effect
decrease ; but their conclusions cannot be right, for the polarised
light follows every oscillation in the discharge, the plane of polari-
sation being waved to and fro as often as 70,000 times a second in
my own observation.

Very few persons in the world have seen the effect. In fact, I
doubt if anyone had seen it a month ago except Messrs. Bichat and
Blondlot. But I hope to make it visible to most persons here.
though I hardly hope to make it visible to all.

Returning to the Wimshurst machine as exciter, I pass a dis-
charge round the spiral of wire inclosing this long tube of CS,, and
the analysing Nicol being turned to darkness, there may be scen a
faint—by those close to not so faint, but a very momentary—res-
toration of light on the screen at every spark. [CS, tube exper-
iment on'screen. ]

Now I say that this light restoration is also oscillatory. One way
of proving this fact is to insert a bi-quartz between the Nicois.
With a steady current it constitutes a sensitive detector of rotation,
its sensitive tint turning green on one side and red on the other,
But with this oscillatory current a bi-quartz does absolutely nothing.
[Bi-quartz. ]

That is one proof. Another is that rotating the analyser either
way weakens the extra brightening of the field, and weakens it
equally either way.

But the most convincing proof is to retlect the light coming
through the tube upon our rotating mirror, and to look now not at
the spark, or not only at the spark. but at the faint band into
which the last residue of light coming through polariser and tube
and analyser is drawn out. [Analyse the light in rotating mirror. ]

At every discharge this faint streak brightens in places into a
beaded band : these are the oscillations of the polarised light ; and
when examined side by side they are as absolutely synchronous
with the oscillations of the spark itself as can be perceived.

Out of a multitude of phenomena connected with the Leyden jar
discharge I have selecteg a few only to present to you here this
evening. Many more might have been shown, and great numbers
more are not at present adapted for presentation to an audience,
being only visible with difticulty and close te.

An old and trite subject is seen to have in the light of theory an
unexpected charm and brilliancy. So it is with a great number of
other old familiar facts at the present time.

The present is an ¢poch of astounding activity in physical science.
Progress is a thing of months and weeks, almost of days. The long
line of isolated ripples of past discovery seem blending into a mighty
wave, on the crest of which one begins to discern some oncoming
magnificent generalisation. The suspense is becoming feverish, at
times almost painful. One feels like a boy who has been long
strumming on the silent key-board of a deserted ofgan, into the
chest of which an unseen power begins to blow a vivifying breath.
Astonished, he now finds that the touchof a finger elicits » responsive
note, and he hesitates, half delighted, half affrighted, lest he be
deafened by the chords which it would seem he can now summon
forth almost at will.

ARC LAMPS AND THEIR MECHANISM.*
BY PKOF. SILVANUS P. THOMPSON, D.§C., M.LE.E.

An arc lamp being an apparatus for transforming the electric
evergy supplied to it through the conducting wires into heat and
light, it obviously cannot be expected to give a steady illumination
unless it can be 8o arranged and operated that, in the first place,
the rate at which it appropriates and transforms the electric energy
is constant ; and that, in the second place, the circumstances attend-
ing this transformation (in respect of the triple relation between
the quantity of heat evolved, the degree of temperature, and the
emissivity of the incandescent surface) also remain constant. The
first of these two provisus relates to the operation of the system of
lamps and dynamos (or other means of electric supply) acting con-
{')(:Jintly ; the second of them relates solely to the quality of the car-

m pencils used as electrodes.

, ‘As the latter is a simple matter, it may be disposed of first.
Suppose the pencils to be composed of a homogeneous carbon, the
physical properties of which, such as hardness, specific thermal

* Paper— read before the Society of Arts on March 6, 1889,

capacity, conductivity for electricity, conductivity for heat, emis-
sivity, &c., are constant ; also that they are cylindrical and of given
diameter. Then it follows that if energy is being expendeg‘ at a
uniform rate in heating the tips of a pencil it will be maintained
at a uniform temperature, and the amount of light emitted per
square millimetre of the surface will be constant, and, as the section
is constant, the rate of consumption constant, and the pencil homo-
geneous, the form once acquired by the incandescent tip (whether
positive crater or negative peak) will remain constant. It may be
remarked, in passing, that the researches of Capt. Abney have shown
that the white light of the incandescent carbon surface of the crater
at the positive pole of the arc is always of precisely the same composi-
tion in respect of the relative proportions of waves of different colours.
This most important observation indicates beyond doubt that the
temperature of the actual light-emitting surface is always the same.
Indeed, this ought to be the case if the latent heat of vapourisation
of carbon be a positive quantity. When the surface attains this
temperature volatilisation begins ; and when so begun the tem-
perature cannot rise further, any more than ice can be raised above
1ts temperature of fusion. The limiting temperature of the voltaic
arc is the temperature of volatilisation of the material of the elec-
trodes. This is, in itself, a reason why the introduction of all
known foreign substances whatsoever into the carbon pencils of the
arc is found to lower its intrinsic brilliancy ; for all known elements
have a lower temperature of volatilisation, and all compounds are
dissociated at arc temperatures.

If, then, we may assume homogeneity of the carbons to be used
the steadiness of the arc light will depend solely upon the main-
tenance of a steady rate of appropriating and transforming electric
energy. How a want of homogeneity may be compensated for in
the actual working of the lamp is a point reserved for consideration
later.

The rate at which electric energy is appropriated from the wires,
and transformed in the lamp into heat and light, always depends
both upon the construction of the lamp and upon the conditions
imposed upon the system of electric supply. "This is a mere con-
sequence of the fact, well known to every electric engineer, that
the amount of electric energy per second appropriated by any elec-
tric device, motor, or accumulator, is itself the product of two
quantities—the current, and the pressure (or potential) at which
the current is supplied. To put the matter in electrician’s language,
the number of 1watts of electric energy per second appropriated
by the lamp* is equal to the number of amperes that flow through

* Swrictly speaking, the actual number of watts utilised in the arc is
somewhat less than the whole number received from the supply, as a por-
tion of the energy is expended in passing the current through the regu-
Jating coils, and another portion is lost in conseq of the resistance
offered by the pencils of carbon themselves, and is merely expended in
warming them. We may calculate the former loss as follows:—Let E
represent the whole number of volts from terminal to terminal, and let ¢
represeut the whole current supplied, then the whole number of watts
supplied is Ei. Let the okms of resistance of the regulating coils in the
wmain circuit be called a, and that of the shunt coils be called b, that of the
carbon pencils themselves ¢, and that of the resistance coils sometimes used
in the main circuit to steady the arc ». Also, in the case where the lamp
has a shunt circuit, let the portion of ¢ which passes through the carbons
be called i), and that which goes through the shunt i, : so that i) +ia=1i.
The losses are then as follows : —

ai,? = watts lost in main-circuit coil ;

hit = E?+ b=watts lost in shunt coil ;

ci)? = watts lost in warming carbon pencil :
7?2 = watts lost in the resistance coil.

The resistance of carbon pencils is usually small, and may be materially
reduced by a thin coating of copper. The carbons used in commerce (11
to 15 millimetres in diameter) vary from about 0°15 to 02 ohms per foot.
if plain, and from 0°001 to 009 if coppered. Cored carbons have a higher
resistance than uncored. Carbons cut from solid gas coke have from five
to twenty times as much resistance as those made by the usual modern
processes. When lamps are run in series, the resistance offered Ly the
pencils is of more importance; for example, a set of 50 lamps newly
trimmed with long carbons may offer 25 ohms more resistance than when
all the carbons have burned down short. The resistance, a, of the regu-
lating coils that are in the main circuit differs in different lamps, but may
be taken at from 005 to 0°2 ohms. The resistance, b, of the shunt coils is
seldom less than 200 ohms, and may be as much as from 490 to 500 ohms,
Of the volts, E, applied to the lamp only a part is utilised, the lost volts
being accounted for by the resistances in the path of the current. If
these are deducted from the applied electromotive force, there will remain
a certain number of volts, which we may call ¢, which are available as a
useful difference of potential at the arc itself. To measure e directly, one
has only to apply a voltineter, making the contacts of its two leading wires
to the two carbons at points respectively just above and just below the
incandescent tips. The watts actually utilised in the arc are then caleu-
lated as the product ei). As shown above, e is less than E, and, indeed,
may be considerably less, the lost volts depending upon the resistances
introduced, and on the current flowing through them. If Eis constant,
¢ will not necessarily be o, but will be very nearly if i is also constant.
Also i) is less than < in all lamps that have a shunt regulating coil, but i~
not usually more than from 3 to 5 per cent. less than i, so that in the cases
where i is kept constant, 4 will be nearly so also.



