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the very heavy rains. The highest mountain-range of the whole
region 15 a little south of Chi ung, aed is ahout 4400 feet
high. After leaving Miiang Hal, no signs of habitation were
seen until Chiengtung was hed. As an # of the in-
security of the country, he mentions that with one party he saw
A young woman umc:f like the men. The platean of Chieng-
mn% is about 2720 feet abyve the sea-level, and is very bare and
badly cultivated. The town itselfl is walled, and is situated in
the southemn corner of the plateas, which is inclosed by high
mountsins on the west, south, and cast. The chief products are
rice, colton, and opiam ; lea is also cultivated on the hills.
Cotton are imported from Moualmein ; salt, silk, and other
articles from Yiianan ; cocoa-nats and betel-nuts from Chienghai.
The inhabitants of the district belong to several races; the
majorily are of the same people as the ruling family, but there are
also numbers of Western Shaos, of the bill tribes (the Kins, Kans,
and Musis), and Lems and Lis.  The houses of the people are
as miserable as conld be, apd their great poverty is shown by the
fact thar, instead of their temples being made of brick, as s the
case in Siam, they are wretched sheds, almost as miserable as
the houses. Mr. Archer returned by & different road, and found
whole districts unighabited between Chiengtung and Muang Leo,
‘which is close to the Cambodia River.

THE Munche ter Cuariian poblishes some int ng informa.
tion as to the movements of De. Lanadell, Tn October lnst he
arrived at Khotes, whence he set oat for Yarkand., He left
Yarkand for Western Tibet aod crossed the Kikiao Pass at o
height of 17,000 et on Dacamber 2. (o the 1oth the Kam-
Koram was passed without very mach difficulty ; but a few days
later, when crossing the Saser, the paety sufiered very much
from the intemse On November 14, Dr. Lanadell sighted
at Changlung the first inhabited hws of 1he Tibetara  Crosaing
over Khasdung Pass with poest dithowity, be fwally arrived at
Lah, where be vemained for a few days, settiog out on December
5 o descesdd to Kashmir. To aid 0 this astempt, (asty men
were scot by the local authorities, and Zogiba Pas was cresed
in safety, and Kashoir reached. [a a few days Srisagur was
reached, hut Seultem Passes were hlocked, and an atzempt to
penetraie them was abandoned. At Kawal Pindee, Ds, Lans-
dall’s jourmey Fmished, be bawing trawelled from Kuldjm 2000
milos, crossing meven of the highest pasaes io the woxld.

Tue Goverament G ist who set out from Adelaide some
moaths ago to explore Central Australin has just retwrned, He
travelled as far north as Alice Springs—that s, to the Tropic of
Capricorn—and spen: pearly a fortuight there examining the
ruby and gold ficlds. Between Anna Creek and Alice Springs
the country is well watered, but at the diguings water is very
scarce, In all, some 2400 miles were travelled, and, around the
ruby frelds, camels were employed. The heat was very great,
on one occasion reaching as much as 124° F. in the shade,

THE DISCHARGE OF A LEVDEN J.IR}

1'1' is one of the great generalieations established by Faraday,
that all electrical charge and discharge is ementially the
charge and discharge of a Leyden jar. It is impossible 1o
one body alone. henever a body = cinrgatr;‘:ikinly. some
other body is £ps0 facto charged segatively, and the two equal oppo-
site charges are connected by lines of induction, The charges
are, in fact, simply the ends of these lines, and it is as impos-
sible to bave one charge withoat its lative as it is to
have ome end of a piece of string withow there being some-
where, hidden it may be, split up ioto strands it may be, but
somewhere exisent, the otber end of that string,

This [ 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 & very wide one, ing in fact over the
whole dowein of electricity. For the charge of a Leyden jar in-
<cludes virtually the domain of electrostatics ; while the discharge
of a jar, since it constitates a curent, covers the ground of
<urvent electricity all except that portion which deals with phe-
noniena peculiar 1o steady carrents. And smce a current of
electricity neces-arily magnetizes the space around it, whether it
flow in a straight or in a curved paih, whather it flow through
wire or burst throagh air, the territory of magnetism is likewise
invaded ; and inasmuch as a Leyden jar discharge is oscillatory,

* Friday cvening discourse ar the Royal Instiution of Great Britaln, on
March 8, by Peof Ofver J. L dg=, F.R S

and we now know the vibratory motion called light to he really
an oscillating electric current, the domain of optics is seriously

encroached upon.
But though the sabject 1 have chosen would Prnil this wide
range, and thongh it is highly desirable to k fore our mind
the wide-reaching import of the most simple-seeming fact in
conmection with sach a subject, yet to-night I do met intend to
avail myself of any such latitude, but to keep as closely and dis-
tinctly as possible to the Leyden jar io its homely and well-
known form, as constructed out of a glass botile, two sheets of
tinfoil, and some stickphast.

be act of ing such a jar [ bave permitted mysell now
for sorme time to illustrate by the mechanical analogy of an in-
extensible endless cord able to circalate over ys, and thread-
ing in some portion of its length a row of tightly-gripping beads
which are connecied to fixed beams by elastic threads.

Meachanical lmmdlm divkctyve . fur emennee, of 3 ¢!
5 Ahi:::?umcnt.-in.m' et

The cord is to represent electricity ; the beads represent suc-
cessive strata in the thickness of the glass of the jar, ar, if you
like, atoms of dielectric or insulating matter. Extra tension in
the cord represents negative potential, while a less tension (the
pearest analogue to peessure adapted to the circumstances)
Tepresents positive p ial, Forces applied to move the cord,
such as winches or weights, are electromotive forces ; 2 clamp
or fixed obstructiomn represents a rheostat or coaract-hreaker ;
and an excess or defect of cord between two strata of matter
represents a positive or & negative charge.

The act of charging a jar 1= now quite easily depicted as shown
in the diagram.

To discharge the jar one must remove the charging E.MLF.
and unclamp the screw, i.e. close the circuit.  The stress in the
elastic threads will then rapudly drive the cord back, the inertia
of the beads will cause it to overshoot the mark, and for an
imstant the jar will poscess an inverse charge.  Back in the
cord swings, however, and a charge of same sign as at Arst, hut
of mther less magnitade, woald be found in the jar if the opera-
tion were now suspended. If it be allowed to go on, the
oscillations gradaally subside, and in a short time everything is
(uiescent, and the jar is completely discharged,

All this occurs in the Leyden jar, and the whole series of
ascillations, accompanied by periodic reversal and re-rever-al of
the ch of the jar, is all accomplished in the incredibly ~hort
space of lime occupied by a spark.

Consider now what the rate of oscillation depends on.  Mani-
festly 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. aod 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 ome
complete vibration, the ' period * of its swing. [Loaded lath
in vice,

The electrical problem and the electrical solation are precisely
the same. That which corresponds to the Acxibility 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,
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Increase either of these, and the rate of oscillation is dimin-
ished, Increasing the static capacity corresponds to lengthening
the lpdni ; increasing the self-induction corresponds to loading it.

Now the static capacity is increased simpl{‘by using a
jar, or by combining a number of jars into a battery in the very
old-established way. Increase in the selfinduction is attained
by giving the discharge more space to magnetize, or by making
it magnetize a given space more strongly. For electro-magnetic
inertia is wholly due to the magnetization of the space surround-
ing a current, and this space may be increased or its magnetiza-
tion intensified as much as we pLue.

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 magnetized. More or less, I say, and it is a case of less
rather than more. Practically very little 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 1o the area inclosed : provided also the going and
return wires are kept a reasonable distance apart, 50 as not to
encroach upon each other's :::gveciably magnetized regions,

But it is just as effective, more compact, to intensily the
magnetization of a given space by sending the current hundreds
of times round it instcad 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 magnetization of a
given space, and that is to fill it with some very magnetizable
substance such as iron. This, indeed, is a most powerful method
under many circamstances, it being sible to increase the
magnetization and therefore the self-induction or inertia of the
current some 5000 times by the use of iron.

But in the case of the discharge of a Leyden jar iron is of no
advant The current oscillates so quickly that any iron in.
trod into its circuit, however subdivided into thin wires it
may be, is protected from magnetism by inverse currents indaced
in its outer skin, as your Professor of Natural Philosophy * has
shown, and accordingly it does not magnetized ; and so far
from increasing the inductance of the discha circuit it
positively diminishes it by the reaction effect of these induced
currents : it acts, in fact, much as a mass of copper might be
expected to do,

conditions determining rate of oscillation being under-
stood, we have next to consider what regulates the damping out
of the vibrations, #.c. the total duration of the discharge.

Resistance is one thing. To check the oscillations of & vibrating
spring yo:n:}:ply to it friction, or make it move in a viscous
wedium, its vibrations are speedily damped out. The
friction may be made so great that oscillations are entirely pre-
vented, the motion being & 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 accomplishment. With very large con-
densers, such as are used in telegraphy, this kind of di e is
frequent, but in the case of a Leyden jar discharge it is entirely
exceptional. It can be caused by including in the circuit & wet
string, or a capillary tube full of distilled water, ora slab of woad,
or atrociously bad conductor 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 puncture its glass, are

such as correspond (o oscillations, and not to leak. [Discharge
jar first through wire and next through wood.]
When the jar is made to leak through wood or water the dis-

charge is found to be still not steady : it is not escillatory indeed,
but it is intermittent. It occurs in a seres 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 sparks, may readily appeal to the cycas a single flash, but
it lacks the noise and violence of the ordinary discharge ; and
any kind of moving mirror will easily analyze it into its con-
stituents and show it to be intermittent. [Shake a mirror, or

le head or opera-glass.]
tis pretty safe to say, then, that whenever a jar discharge is
not oscillatory it is intermittent, and when not intermittent is
oscillatory. There isan intermediate case when it is really dead-

* Lord Rayleigh.

beat, but it could only be hit upon with special care, while its
occurrence b{ accident must be rare, vre

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 a most exciting one.

The vibrations of a reed are damped Ecnly indeed hy frction
and imperfect elasticity, but partly also by the energy transfensd
to the surrounding medium and d in the production o
sound. It is the formation and propagation of sound-waves
which largely damp out the vibrations of any musical instrument.
So it is also in electricity. The oscillatory discharge of a Leydes
jar clisturbs the medium surrounding it, carves it into wirs
which travel away from it into space : travel with a velocity of
185,000 miles a second : travel precisely with the velocty o
light. [Tuning-fork.)

“The second cause, then, which damps out the oscillations in
a discharge circuit is rauiation : elecirical radiation if you like
50 to distinguish it, but it differs in no respect from ordinay
radiation (or **radiant heat " as it has so often been called
this place) ; it differs in no respect from Light except is the
E:ynologlcul fact that the retinal mechanism, whatever it m

, responds only to waves of a particular, and that a vens
small, size, while radiation in general may have waves whic.
range from 10,000 miles to & millionth of an inch in length.

he seeds of this great discovery of the nature of light wer-
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 test part of the
life-work of Clerk-Maxwell : the harvest of experimental veif
cation is now being reaped by a German. But by no ordinvy
German. Dr. Hertz, now Professor in the Polytechpicam ol
Karlsruhe, is a young investigator of the highest type. Trised
in the school of Helmholtz, and endowed with both mathesatical
knowledge and great experimental skill, he has immortalus!
himself by & brilliant series of investigations which have <o
right into the ripe comn of scientific opinion in these ishuad.
and by the same strokes as have harvested the grain have opesel
up wide and many branching avenues to other investigators

At one time I had thought of addressing you this evenisg ¢o
the subject of these researches of Hertz, but the experiments are

not yet reproducible on a scale suited 10 a large audience, and |
have been so closely oceupied with some not wholly dissimilar, bet
independently conducted, researches of my own—r bed

up to throngh the unlikely avenue of lightning-condactors—ibat |
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. Fitzgenld
has, as related in a recent number of NATURE {February 31,
p- 391}, probably gone further ; and if | may venture a suggesisn
to your Honorary Secretary, I feel sure that a discoune o0
Hertz's researches from Prof. Fitzgerald next year would be nat
only acceptable to you, but would be highly conducive to tbe
progress of science,

I have wandered a little from my Leyden jar, and [ mut
return to it and its oscillations. Let me very bricfly rua over
the history of our knowledge of the oscillatory character of ¢
Leyden jar discharge. It was first clearly realized and distinally
stated by that excellent experimentalist, Joseph Henry, «
Washington, 2 man not wholly unlike Faraday in his mede of
work, though doubtless possessing to a less degress that astonish:
ing insight into intricate and obscure phenomena ; wanting 3l
in Faraday's circamstantial advantages. i

‘This great man arrived at a conviction that the Leydes

discharge was oscillat studying the singular mepd
nuendg: the mngnamiz of u’ZI needlang:yn =
discharge, first observed in 1824 by Savary. Fine needles, when

taken out of the magnetizing helices, were found to be o
always magoetized in the right direction, and the subject 3
referred to in German books as anomulous m. izatioa, Itis
not the magnetizativn which is anomalous, but the currents wiich
have no simple direction : and we find in a2 memoir pa
Henry in 1842, the following words :— .

" This anomaly, which has remained so long unexplaied,
and which, at first sight, appears at variance with all o=f
theoretical ideas of the connection of electricity and magnetise.
was, after considerable study, satisfactorily referred by the autbor
to an action of the discharge of the Le jar which bad pever
before been recognized. discharge, whatever may be it
nature, is not correctly represented (mpl:r‘ng for simplscity the
theory of Franklin) by the single transfer of an imponderadle fuid
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from one side of the jar to the other ; the omenon requires
us to admit the existence of a primcipal discharge in one direction
and then several refiee actions backward and forward, eack more
feeble tham the precating, 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 bave until this time remained unexplained.”?!

The italics are Henry's, Now if this were an isolated passage
it might be nothing more than a lacky guess. RBut it is not,
The conclusion is one at which he arrives after a laborious repe-
tition and serious study of the facts, and he k. the idea con-
stantly 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, in 1853, by
Sirov&'ill'um 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 lnsd{ullon of Washington in

accessible form, and accordingly they have been far too much
ignored, The two volumes contain a wealth of beautiful ex-
periments clearly recorded, and well repay perusal,

The discovery of the oscillatory character of a Leyden jar dis-
charge may seem a small matter, bat it is not.  One has only to
reu'ﬁelhe Zld that the cscillators of Hertz are essentially Leyden
jars—one has only to use the phrase * electro-magnetic theory
of light "'~1o have some of the momentous issues of this discovery
flash before one.

One more extract 1 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 ohtaining some of the results of
Hertz ; though, il he had oblained 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 o; Hertz and others
with such sty importance,

Here is the quotation :—

“* In extending the rescarches relative to this part of the in-
vestigations, a remarkable result was obtained in regard to the
distance at which induction effects are rrodneed by a very small
quantity of clectricity ; a single spark from the prime conduclor
of a machine, of about an inch lP‘ , thrown on to the end of a
circuit of wire in an upper room, produced an induction suf-
ficiently powerful to magnetize needles in a parallel circuit of
iron placed in the cellar beneath, at & per icular distance of
30 feet, with two floors and ceilings, each 14 inches thick, inter-
vening. The author is dispssed to adopt the hypothesis of
an e‘:axical Pennm [in other words, of an elhergl:nd f‘r‘om
the ing experiment it would appear that a single spark is
snﬁﬂeﬂo iﬂm perceptibly the electricity of space through.
out at least a cube of 400,000 feet of capacity ; and when it is
considered that the magnetism of the needle is the resalt of the
difference of two actions, it may be further inferred that the dif-
fusion of motion in this case is almost comparable 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 i di ence and easy proof of the oscilla-
tory character of a LeyJen jar discharge is the occurrence of
phenomena of sympathetic resonance.

Enrﬂme knows that one tuning-fork can excite anotber at a
reasonable distance if both are tuned to the same note. Every-
one knows, also, that a fork can throw a siretched string at-
tached to it into sympathetic vibration if the two are tuned to
unison or Lo some simple harmonic.  Both these facts have their
electrical analogue. 1 have not time to go fully into the matter

¥ “Scientific Writings of Joseph Henry," vol, b p s0s.  Published
the Smiths mian lmdtulinn.,"ﬂ i..m"am. » w

T Lo, it w04

3 And of une whose name bs Bt yel cn everybody's lips, but whose

researches into electro-magnetic waves have ted further than

anybody yet enderstands into the depehs of the subject, and whose
have likely comtributed llrg-:! to the theoretical inspiration of
1 mean that powerful physicist, Mr, Oliver Heaviside.

orty—

to-night, but I may just mention the two cases which I have
myselfl specially noticed.

A Leyden jar discharge can so excite a similarly.timed neigh-
bouring en jar circuit as to cause the latter to burst its
dielectric if thin and weak The well-timed impulses
accumaulate in the aeiEhbw:ing circuit till they break through a
quite perceptible thickness of air.

Put the circuits out of unison by varying the capacity or by in-
cluding a longer wire in one of l‘em ; then, although the added
wire be a coil of several turns, well a:l;{nd to assist mutual in.
duction 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 prescot to show
here satisfactorily, for 1 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 tuniog-fork, I published last year under
the name of the experiment of the recoil kick, where a Leyden
jar circait sends waves along a wire connected by one end with
it, which waves splash off at the far end with an electric brush or

lonlg spark.
will show merely one phase of it to-might, and that is the
reaction of the impulse accumulated in the wire upon the jar
itself, causing it to cither overflow or burst. [Sparks of gallon.
or _Finl Jar macle to overflow by wire round room.*)

be carly observations by Frapklin on the bursling of
Leyden jars, and the extraordinary complexity or multiplicity of
the fracture that often results, are most interesting.

His electric experiments as well as Heary's well y 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
Erccipimed by it, that the spark occurring properly between the

nobs sets up sach violent surgings that the jar is far more violentl
strained than by the static or mere difference of potentials
between its coatings ; and if the sargings 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 coatings :
not 5o far as to fail to act as & 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 | know, never before been attempted,
but if nothing goes wrong we shall easily accomplish it.

And first [ will do it amdibly, To this end the oscillations
must be brought down from their ext linary frequency of a:
million or hundred th d a d to & rate within the
limits of buwan audition, One does it exactly as in the case of
the spring—one first increases the flexibility and then one Joads
it. (Psﬂpark from battery of jars and 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, { inch will be
quite sufficient. Notwithstanding the great capacity, the rate ol
vibration is still far above the limit of audibility, and nothing
but the customary crack is heard. I next add inertia to the circuit

including a great coil of wire, and at once the spark 5

aracter, becoming a very shrill bat an unmistakable whistle,
of 2 quality approximating to the cry of a bat. Add another
coil, and down comes the once more, to something like
5000 per second, or about the highest note of a piano. Ain
and again Iload the circuit with magnetizability, and at last the
spark bas only 500 vibrations a second, giving the octave, or

perhaps the double octave, above the middie C.

' Dur'ng the course of thas experiment, the gilt on the wall was
oh-zmd“gy the audience to be sparkling, ewr;agcr:'bd over a certan,
area dischargeng into the next, after the manser of & »p‘ﬁ::i jar. 1t was
probably due to some kind of sympathetic resonance, FElectricity ahes
about in conductors in a surprisng way everywhere in the neighbourhood of
-“w.};‘o‘;“n& be i 'ul".l'.twm'lu‘,""c ;ih:ch of
was rds to ivin| in at eve 3
the jar.  Everything whick > ‘m have & pert d.dezm oscillai

»d
corresponding to some harmonic of the main oscillation of a discharge k.
liable to behave in this way. When light falls on an opaque surface 1t is
q‘umcllvd. What the & saw was probably the result of waves of

ical radi  being hed by the walls of the room, and generating
clectrical currents in the act. It is these electric surgings which render

severe caution necessary in the erection of lightning<onductors, This
lelplln';hdon is merely testative. | have had no time to investigate the matter
eally.
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One sees cleatly 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
wvscillatory, the sound will be oscillatory 100, hat both will he an
octave above the electric oscillation, if | may =o express it,
becauce two heat- pulses will pany every complete electric
vibeation, the heat production being independent of direction of
current.

Having thus got the frequency of oscillation down to so
mana reable a value, the optical analysis of it presents no diff-
<ulty : asimple | oking-glass waggled in the hand wili suffice to
spread out the spirk into a serrated baand, just as can be done
with a singing or a seasitive flame, a band too of very much the
same appearance,

Using an ordinary fourgnuc rotating mirror driven electro-
magnetically at the rate of some two or three revolutions per
second, the bamnl i< at the lowest pitch seen to be quite
<coarely serrated; and fine serrations can be seen with four
revolations per second in even the shrill whistliag 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 revlution, thouzh the band may appear drawn oat to some
length,  The farther away a spark is from the mirror, the more
drawn oat it i3, but also the less chance there is of catching it.

With a sinsle olmerver 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 revolation, and the observer may then
conveniently watch for the image in a telescope or opera glass,
though at lgt lower pitches nothing of the kind is necessary.

But to show it toa large andieace various plans can be ad pted.
One is to arrange for several sparks instead of oac ; another is
to maltiply images of a single spark by suitably adjusted re-
flectors, which if they are concave will give magnified images ;
another is to use several rotating mirrors ; and indeed [ do use
two, one adjusted 3 as to suit the spectators in the gallery,

Bat the be~t plan that has struck me is to combine an inter-
mittent and an oscillatory discharge. [l{ave the drcuit in two
branche+, one of high resistance so as to give intermittences, the
other of ordinary resistance 50 as to be oscillatory, and let the
mirror analyze every comstituent of the intermittent discharge
into a serra‘ed hand. There will thus be not one spark, bat a
maltitude of saccessive sparks, close enough together to sound
almost like one, separate enough in the rotating mirror to be
visible on all «id-s at oace.

But to achieve it one must have great exciting power.  Inspite
of the power of this magnificent Wimshurst wachine, it takes
some time to charge up ou® great Leyden battery, and it is
tedious waiting for each spark. A Wimsharst does admirably
for a sinale observer, bat for a multitade one want: an instru-
ment which shall charge the hattery not once anly hat many
times over, with overflows between, and all in the twinkling of
an

by two most highly skilled French experimenters, Messrs,
Bichat and Bloadlot.

Bat it is exceedingly interesting as showing how short a tine.
how absolutely no time, is needed by heavy glass to throw
itself into the suitable rotatory condition. Some observers hate
thought they had proved that hzavy glass requires time to
develop the effect, Ly spinning it bstween the ;jes of a magnet
and seeing the eflect decrease ; bat their conclusions cannot be
right, for the polarized light follows every oecillation in a di--
charge, the plane of polarization heing waved to aad fro as oft-n
as 70,000 times a secorul in my own oheervation.

Very few persons in the world have seen the effect. 1o fact,
[ dount if anyone had seen it a month ago except Messr.
Bichat and Blowdiot, But I hope to make i visible to mowt
persons here, though | hardly hope to make it visible 10 all.

Returnieg to the Wimshurst machine as excier, [ pass
discharge round the spiral of wire inclosiag this loag tabe of CS,.
and the analyzing Nicol being turned to darkness, there may e
seen 4 faint-—by those close 1o not so faint, but a very momentary
—restoration of light on the screen at every spask.  [CS. tabe
experiment on screen, |

ow I say that this light restoration is also o<cillalory.
Oune way of proving this fact is to insert a higuarz betweeen
the Nicols. \Whh a2 steady curreat it constitutes a semsitive
detector of rotation, ils sensitive tint turning green oo osc
side and red an the other, Buot with this oscillatory carrest
a biquartz does absolutely nothing. [Biquart:.)

That is one proof. Another is that rotating the analyzer eitber
way weakens Lhe extea brighteaiog of the Geld, and weakens 2
equally either way.

But the most convincing proof is to redect the light cowing
through the tube upon our rotating mirror, and to look ouw
not at the spark, or not only at the spark, but at the faint baol
into which the last residue of light coming throazh polaricr
and tube and acalyzer is drawn out. [Analyze the light o
rotating mirvor. ]

At every discharge this faiot streak brightens in places into 1
beaded band : these are the oscillations of the polarized Light -
and when examined side by side they are as absolately syn
chronous with the oschilations of the spark itselfl as can Le
perceived,

Out of a maltitude of phenomena connected with the Leydec
jar discharge 1 have selecied a few only to present to you here
this evening. Many more might have heen shown, and grea:
numhers more are not at present adapted for presentation to an
audience, being only vicible with dificeity and cloze 1o,

An old and trite subject is seen 1o have in the light of theory
an unexpected charm and brilliancy, So it is with a grea
number of other old familiar facts at the present time,

‘T'he present is an epoch of astounding activity in physies!

e,

1“3 Ret this T must abandon my friend Mr. Wimshurst, and
return to Michael Faraday. In front of the table is a great in-
duction coil ; its secondary Fas the resistance needed to give an
intermittent discharge. The quantity it supplies at a single
spark will fill our jars 1o overflowing sevesal times over, The dis-
charge circuit amd all its circumstances shall remain unchanged.
{Excite jars by ¢il.]

Ranning over {he gamut with this coil now nsed as our exciter
instead of the Wimshurst machine—everything else remaining
exactly as it was-——you hear the sparke give the same notes as
before, bat with a <light rattle in addition, indicating intermit-
tence as well as alternation, Rotate the mirror, and everyone
should <ce one or other of the serrated bands of light at nearly
every break of the primary current of the coil, [Rotating mirror
to apalyze sparks.}

The musical sparks which I have now shown you were
obtained by me during a special digression® which | made
while examiming the effect of discharging a en j
round heavy glass or bisulphide of carbon. The rotation of
the plane of polarization of light by a steady current, or by
a magnetic field of any kind properly disposed with respect
to the rays of light, is a very familiar one in this place. Perhaps
it is known also that it can be done by a Leyden jar current.
But I «lo not think it is ; and the fact scems 1o me very interest.
ing. It s not exactly new—in fact, as things go now it may be
almost called old, for it was investigated six or seven years ago

' Mont fikely it was i comveraton which 1 had with Sir Wm. Thomsen,

ar Chr stm s, which ciose | me 10 see the interest of gert ng <4 e oacillations
My attontions s mamly been dircered 1o gettiog them qus.k

. Progress is a thing of months and weeks, almost of
days. The long line of isolated ripples of past discovery seem
blendiny into a mighty wave, on the crest which one b\‘?b
to discern some oncoming magnificent generalization. e
saspense is becoming fevenish, at times almost painful.  Oe-
feels hike a boy who bas been long strumming oa the silent key
board of a deserted organ, into the chest of which an unseen
power begins to blow a vivifying breath,  Astonished, he row
finds that the touch of a finger elicits a responsive note, an | ks
hesitates, half delighied, half afirighted, lest he be dealened Iy
the chords which it woald seem he c3a now summin forth
almost at will

ON THE LIMIT OF THE SOLAR SPECTRUN.
THE NRLUE QF THE SKY, AND THE
FLUORESCENCE OF OZUNE,

Tlll~'.l<l-'. are two facts of particular interest which hawve been
ohserved in connection with the light which we receive from
the sun and the sky. First, though the altra-violet spectrum !
the sun 1« very well nted by the iron speciram taken fron
the electric are, yetits lengrh is nothing like so great, and there »
04 fading away of feeble lines and a weakening of strong obe<
which wonki be the case if the rays were affccted by a tute
medium through which they were transmitted, but there is 3
| swiden and sharp extinetion which points to a very defmite a
sorption,  Seconddly, light from the clearesr sky, unaffected br
aieous vapour, is of a deep and beautifol blae colour, more ./




