568
Fehelred a3 nanal did nething to oppose them, but bought
thew off with a large swin of mency.  His efforts at con-
eilintion were complebely suceeselfu] with Olaf, who, after
beiny covverted to Christianity, ol adopled by Ethelved
as Iris son, remained faithiud ever afterwards to his promise
of frizudship.  Lu the years 907, 108, and 090 the Danes
ravaged the eogats of Wessex, Susaex, and Kent. In
1000 Ethelved, encrgetic at the wrong time and for wrong
ehjects, invaded Normondy, but suflered a disastrons defeat,
He eonzluded o trenty with that country soon afterwnrds,
and in 1002 married Emma, danghter of Richard duke of
Nonnandy, In the spriog o teeaty bad been concluded
with the Danes, but io the winter of the spme year,
Ethelrod -suspecting that they were plotting treachery,
ordered a general mnssaere of all the Danes in E:l:.ﬁmul.
Among  wtherz murdered wes Guoold, sister of Swend ;
oud the Danish king, to revenge her death aud that of his
countrymen, invedsd the const of Deveushire with a large
foree. e met with scarcely any eppesition, and com-
mitted the wsenl rovngea till 1007, when peace was con-
cluded by Dthelred’s consenting, a3 at other tines, to the
peyutent of a large som of money, In 1008 Ethelred
collected the ' lurgeat flect that Lad been seen i the reign

ETH—ETH

fathet's absence to stir up o revolution against Lim, and
obtained the sappork u} go powerful @ party that an
unnatural eivil war was culy prevented by Etholwalf agree.
ing Lo geand te lis son the government of Wessex, Le him-
self being recornized as over-lord, and rotaining the rest of
the kingdem. Ie died in 854,

ETHEL, {(C,H)0, the A&ther or Aiker Sulphiericus of
pharmacy, is a colourless, volatile, highly inflammable liquid,
of specific gravity 0723, botling-pomnt when pure 35:4G° C,
and fusing-point = 31" C. Ttliesastrong and chorael eristic
odour, end a het sweetish taste, is soluble in ien parts of
water, and in all preportions in alechol, and dissolves
broniine, iodine, and, in small quantities, sulphur wod
phosphorus, also the velatile oils, meat fatty and resinous
substances, guu-cotton {sve Contopies, vol. ¥i, p. 149),
caoutchoue, aud certain of the vegetalile :1]'5::1'rni:Ea. The
vapour mixed with oxygen or air i3 vicleatly cxplesive,
The making of cther by the action of sulphuoric acid on
alevlio]l was luewn to llaymond Lully, whe wrote in the
13th century ; and later Basil Valontin and Valerins Clordus
deaeribed its preparation and properties,  The name ether
appents 0 bave been applied to the drug only since the
times of Froben, who in 1730 termed it spiritus atherens,

of any kimg” but it wes scon afterwards nearly wholly | Ether is manufuctured by the distillation of 5 parts of 50
deatroyed by a vielent storm, just before the Doves renewed | per cent. alealiol with § parts of coneentrated sulphurie

their 1nvastn,
anny, wos dissuaded from attacking them by Failvie, and
aftcrwards the Eozlish, through the trenchery of their
leadars, suffered o series of defentz : but in 1012 popce woa
again bought, and Thorkill, cne of the Danish leaders,
cnbered the LEnglish ssrvice,  In 1013 Swend, with o more
formidalde fleet than any he hod yeb cellected, sailed up
the Humbor, and then marched sonthward to Londen
but mecting there with a strenuwous vesistanee, he wos
compelled to pive up the attack and marched to Bath
Here he was proclnimed king, apparently Ly the Witau, oud
with the gonernl consent of the English people, whn wers
doubiloss wearied of Fihelred's competency, of the
treachery of the nobles, and of the spressive tuxes which
hind beenpaid for ne porpose. ]'.unl)]nn itself soon acknows
I'?-ligﬂ'l the [hanish kil-rg, ad Rﬂ.lulm:l, after for a tioo
takiug refuge in Thurkill's fleet, ezeaped to Normandy.
awend died on February 1014, and oo his death Etheleed
waa recalled by the Witan, on the promise of mline hetter
in futvre. In the same year he dofeated Cnut, son of
Swend, but in 1015 Cuat renewed his atkack with a large
fleet, and being juined by the traitor Edvie, ravamed Weasox
amd Mereia, and was preparing to atteck London, when
Lthelred died April 23, 1016, (Sce V'slgrave's Iistory of
the Awglo-Surons ; Froeman's Normmn Conguest, vob. 1. ;
and Green's History of the English People.)
“THELWULF, or Jlrngrwinr, an Anglo-Saxon king,
suceecded bis fother Fgbert aboub 830, 1l reign, like
that of his father, was almost wholly peenpied with wars
aguinst the Danish invaders.  For a long time e held them
10 check, and when in 851 they took Caulerbury aud
London, and defeated Beobrtwulf, king of the Mercians, he
met them at Oekley in Surrey, and there “ made the greatest
slaugliter among the heathen army that we have heard tell
of unto the present day, and there zot the victory." Dutile
Novthmen were persevering in thete efforts; and it is stated
that in 835 they, for the fiest time, remained over winter in
Sheppey,  In the same year Ethebwulf made a journey to
Rome, accompanicd by ‘his youngest aud favourite son
-"'FHTFI". to gt tbe Jatter consecrated ns his sucepsaor ;oand
a5 hiig fimt wife Osburga had Leen for some time dead, he
deiaf_mi a few months in France to marey Judith, daughter of
the king of the Franks. Ethelbald, his eldest surviving son,
indignant at 1is"youngest brother being preferred to T os

Ethelred, thougl le lad gothered an | acid, at & temperature of 140°-143" €, & constant stream

of aleahol being eaused to flow futo the mixture during the
operation.  (See Cuemistuy, vol v, p. 366).  Itis purified
by treatmant with lime and ealeium chilovide, nud subsequent
redistillation,  Aeccording o 1% Stefanelli (Mer. denisch,
Clhem. Gee., 1870, [ 439, the presence of as small a
quantity as 1 per cent. of aleobiol may be detested in ether
by the eolonr imparted to it by eniline vielet; if water or
acetic acid bo present, the ether must be shaken with an-
hiydrous polassinm carbonate befors the application of tho
test. Ether when drunk has o rapid though evanescent in-
toxicating effect, estimated to be more thau three times
that of the ssme Lolk of whisky, instead of which it is
largely conzmned in sone parts of Ireland. (See H. N.
Draper, Med. feess aned Cticadar, iv. 117). Mized with
twice its velome of rectified spirit, it 33 administered
internally osa remedy for pervous headache, flalulence,
biccough, hysteria, and spasmodic vomiting and asthma,
cecasionally also fn anging peetoris, intermittont fevers and
typhiug, and as an antidete for nancotie poisone, and for
relieving the pain caused by biliary caleuli. It has been
ghown by Longet that ether when swallowed even in fatal
deses does not at any Lime produce anasthesia,  Much
Lieat being rendered Iatent Ly its evaporation, ether is
sonetimes smployed ns o refrigerant in the reduction of
Lernia, By the uze of Dr Dichanlson's ether spray appa-
ratus for effecting local anmsthesin, a tewpermature of —G° 1%,
can be ebtained. When not allowed o ecvaporale, cther
nets as & robefacient.  1ts vapour when inbaled causes af
first considerzbie frritation of the nir-passages, and inereased
rapidity of the pulse, accompanivd by muoch excitement,
Wills the cstablighment of complete onmsthesia the pulse
sinks to 60%ar 707, the face becomes pallid, and the muacles
aee reloxed.  Ftlier cceasions wore excitement, and renuires
a somowhat longer period for its exbibition than chlorolvem,
but doss net exercise npon the heart the sedative Mgthuences
of that desg, A bistory of the employment of ather as an
anasthetic will be found under AN #sTUESIA, vol, L p. TG
Beo alaoe CHLororonrM, vol, v po G20,

ETHER, or JTHER {ulfhy, probobly from eithe, I bum,
thourl Plato in bis Ceetplos (410, 1) derives the nome from
ils porpetun motivn—ore del Oel wepd 7l depn iy deathenp
Bewnlow e wadolro), o materia]l substance of a more subtle
kind thon visible bodies, sopposed to exist iu those parts of

SUCCesz0rT o his father's throne, took edvantese of his | spaee wlich are apparently empty,
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The hypothesis of an wther has beon mainteined by dif-
ferent speenlators for very different reasous,  To fhose who
paintained the existence of a plonwn 28 o philusophiva)
pringiple, nature's ablbomrence of o vacuuin was a sullicicut
reagon for imagining on ollsurrounding  mther, even
though every otler argnment should be against it To
Dhescartes, who made extension the sole essential propecty
of matter, ond matler o ucepssury condition of cxiension,
the bore existence of bodies apparently at o distanes was a
proof of the existence of a cootinuous medinm Letween
thee.

Lot besides these high metaphy=ical pecessitics for a
medinm, there were more mubdane uses to be fulfilled by
mthers,  JHthers were invented fur the planets to swim in,
Lo ponstitute eleelric ntmospheres and magnetic eflluvia to
convey sensations from one part of cur budies Lo another,
anil-so oo, tll all space had been filled thres or Tour tines
over with suthers, 1t ie ooly when we remember the
extensive and mischievons infuewee on scienoce whicl

hypotbeses abiont wthers used fonerly to oxercise, that we |

ean appreciate the borror of mthers which sober-minded
men had during the i 3th contury, and which, probobly asa
sort of hereditary prejudice, desconded even to the late Mr
Joln Stuzrt Mill

The disciples of Nowton maintained that fu the fuet of
the mutual gravitation of the heavenly boedics, according
to Newton's luw, they had « complete guantitative account
of their motions : and they endeavonred to follow out the
poath which Newtou liad opened upe by investigating and
measuring the attractions and repolsions of electrified and
maenetic bodics, and the coliesive forees in the interivr of
bodies, without stiompting to account for these forces.

Newton bhimsell, bowever, endeavoured to acconnt for
gravitation by differences of preszuee iv an ather (see art,
Arrgacrios, vol Uil p G1); bat be did not publish his
theory, * becavse he was not able from experiment and
observation to give a satisfactory aceount of this medium,
and ths mawuer of its operation in producing the clief
phenomena vf npture.”

O the other hand, thoss who nagined wthors o oeder
to explain phenomenn could not specify the nature of the
rotivn of these media, and could not prove that the media,
as lmagined by them, would produce the effects they were
meant to explain,  The only wther which has survived is
that which was fuveusted by Hueyeens to explain the pro-
pagation of Tight, The evideuce fur the existence of the
Jameiniferons wther las aeenplatid as additionsl pheno-
tent of light and other radiations bove bean discoversd ;
and the properties of this mediom, os dedoced frow the
phenomens of Tight, have Leen fuund to be peecisely those
required to explain electromagnetic phenoneni,

Fuwetian of tha atler 1 the propagation of radistion.—
The evidence for the undalatory theory of light will be
given in full, weder the artiele cu LacuT, but we may here
pive n brief summery of it so faras it ears on the existenes
of the wmther,

That light is not itsell n sulstance may be peoved from
the pheaumenon oF interference. A Deam of Hght from o
single souree 15 divided by certaln optical methods juto two
parts, and these, ofter travelling by different paths, ars
wade to rennite oo Dall npon s sereen.  TF githier Dolf of
the Leam 18 stopped, the other falls on the serecn and
tllnninates it, but i bath are alluwed co poss, the scresn
in certain places DLeeowes dark, and thus shows that the
two portions of lizht have destroyest each other.

ﬁu;w, We CRImuE sl ppuse that two lwddices: when ln.:l.. L
pother can anailiiate el other; thevefure Heht counot
baa substenee.  What we Dove proved is that one jror
tion of Jight can be the exact opposite of another poetion,

jost o8 + o is the exaet opposite of — e, whatever o way | physical wature,

alif)
be. Among physical quantitics we find some which are
el of having their signs reversed, and others which
nre not.  Thus a displacement in one direetion is the exact
oppeosite of an equal dispincement in the opyuosite direction,
Buch guantities ave the mensures, not of substanees, but
always of processus taking place in 2 sulstance, Wao
therefore conclude that light 12 not o sulstance but a pro-
cess going on in o subatsuce, the process going on in the
first paction of light beingalways the exact opposite of the
process goiug oo in the other at the sone instant, so thet
when the two portions are combingld no process goes on ot
il To determine the nature of the process in which the
sidpstion of light consisis, we alter the length of the path
of one or both of the two portions of the beam, aml we
find that the light js extinguished when the difference of
the length of the paths iz an odd mwltiple of a certain
small distance called o holl wavelength, In all other
cases there is more or less light ; and when the paths arc
equal, or whew thelr difference is a muiti]ﬂu uf a whule
wavelength, the sereen appears fonr thnes as bright as
when cue portion of the beam falls on it In the ordinary
form of the experiment these different cases are exhibited
sinultancously ot different points of the sereen, so that we
&g on the screen 3 set of [ringes consisting of Jduark
lines at equal intervals, with bright bands of graduatel
intenzity betwesn them.

Ii we consider what is going on at different points in the
nxiz of o beam of fight ot the swne instont, we shall find
that if the distonee between the points s o multiple of a
wave-length the same process iz poing oo ot the two
points ot the snme instont, but if the distance is on odd
wmlei]le of balf o wavelength the process going on ot one
point iz the exact opposite of the process going on at the
other.

Now, Hght is known to be propamted with a certain
velueity (3004 = 10" contimelres per second in vacumm,
aeeording to Cornu). I, therefore, we suppose a movable
point to trovel along the ray with this velwity, we shall
fimd the same process going on at every peint of the ray
ag the moving point reaches it 16, lastly, we consider a
fixed point in the axiz of the beam, we shall cbserve o
rapid alternation of these opposite processes, the interval of
time between shinilar processes being the time light takes
to travel o wave-length,

These phenomens may be summed wp ko the mathe-
muatical cxpression
u=2A ey (W —jrda)

which gives n, the phase of the provess, at a poiut whose
distance mepsured from a fised point in the bemn is , and
ub a lime o

We have dotermined nothing s to the naturs of the
process, It may be a displacement, vr a ml.x:iulu, or o
eleetrical disturbance, orindeed any physieal quantity which
is capable of nssuming negative as well as positive voines,
Whatever be the unature of the Jrroeris, if it is Eﬂi'll-'ll'llﬂ
ul beinz expreszed by an squation of thia fornm, tho procesy
glu'ng i b o fixed i:-’lillt is called a eifvation; the eon-

' =T
staut A is called the ameplitude ; the time —= s called

the peviod; aml w = pur 4o da the pluse.
The configurntion at a given instant 18 ealled o ware, and

the distenee 2T i callel the warvidenyth,  The veloeity
;I

of propagation is " When we contemplate the different
T

parts of the medinu as going theongh the siue process in
syecession, we pso the wernd undnlatory to denote this
cliaracter of the proeess without in auy wiy restrcting 1ia

VIIL — 52

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

h |}

70

A further insight into the physical natwre of the process
is obtainad from the fact that if the two rays are polarized,
and if the plana of pelarization of one of them be made to
turn round the axis of the ray, then when the two planes
of polarization are parellel the phenomena of interfoeenco
appear a8 above described.  As the lang furns round, tha
dark and flight bauds become less distinet, and when the
anes of pularization are ot right sngles, the illnmination
of the screen becomes oniforn, aml no tmee of interference
can be dscoverad,

lTancs the physieal process imvelved in the propagation
of Helt mmsk not wnly be a directed qoontity or vectur
capable of loving its dircction reversed, bt this vectar
must be ob right angles to the ray, and either in the plane
of pularization or perpendicelar to ik, Preanel sopposed it
to be o displacemont of the medinm perpendicolar to the
plane of polarizasion, Maceullngh ond Neamnwn suppused
it to be o displnecroznt in the plane of polarization,  The
comparizon of these two theories must be deforved till we
eomo to the phenomens of dense media,

The process may, however, be an. clectromagnetic one,
and nz in this ense the elootric displacement and the mag-
netie distarbanes are porpendiendar to each other, sither of
these inay be sapposed to be in the plane of polarization,

All that bas been said with respeet to the radiations
which affect our oyes, and which we eall light, applies alzo
bo those mdiations which do not produce o laminous ini-
prossion oo our eyes, for the phenomenn of intorference
have been observed, and tho woavelengths measured, in the
case of rdiations whieh ean be detected ondy by their heat
ing or by their chemical affects,

Llasteciey, tenneity, and dengity of the wther —Haviug
g0 far determined the geomatrical chovneter of the process,
wi must pow turn onr attenlion o 1he modiom in which it
takes place.  We may use the teom ethor to denote this
medimn, whaterer it mey b,

In the first place, it 55 capalde of transmicting energy,
The radiations which it transmits are able not only to aet
on our senses, which of itsalf 18 evidenco of worl done, bt
to heat bodies whiclh absorb thein; and by measaclang the
host communieatosd to snch bodies, the encrgy of the radia-
tion may be calenlated,

In the next place this encrzy i nob transmitted instiue
taneonsly Trin the radinting Lady to the absotbing body,
but exizts for @ cortain Lime o the medinm,

If we adopt either Fresncl's or Macenllizh's fonm of the
vnduolatory theory, holf of this energy is in the form of
potontinl encrgy, due to the distortion of elemontary por-
tions of the medinm, snd half in the formof kinetic enerpy,
due to the motion of the mediom, We must iherefore ro-

anl the wthar as posasssing clastieity: similar to thet of o
sulid by, and alss as having o finite depaity,  IF we take
I'onillet’s estimate of 17633 as the mamler of Zramme-
centizrade anits of haat prodeced by direst sunlight falliog
on f square eeulivieles inoo minute, this is cquivalent to
1-2348 ¢ 10%ergs perzecond,  Dividing thiz by 3:004 = 1019,
the velocity of light in centimatres per second, we get for
tho energy in aeubic eeutimotre 4°1 % 105 eros.  Naar the
ann the cnergy ina cubic eontimetre would be nbout 46,000
timea this, or 1-880 ergs. I we furthor ssume, with Sic
W, Thomsom, thot the amgditnde s not more than one

hundredth of the wavodength, we Lave Ap= LEUZH ot about
L

a5 20 that we have—

Lnergy per eubic contimetrs = 1o V2A%2 =

Cireatost tangential stress per
square contimetrs,

Cloefficient of rigidity of
ether, "

Density of wibicr, .

LE20 erps.

= aVEAp = 30176 dyuea.

ETHER

The enefficient of rigidity of steel is about 8% 10Y, and
that of glass 24 = 1010,

I the temperature of the atmesphere were everywhers
0% C, and if it were in equilibriem about the earth aupposed
al rest, its density ab an infinite distance from the carth
would be 3 10-%% which i3 about 3 x 1079 times less than
the estimated density of the wether,  Tn the regions of in-
terplanetary space the deusity of the wther {s therefore very
great compared with that of the attenuated atmesphery of
interplonetaey spaes, bal the whols mnss of ethee within o
sphere whose radins is that of the most distant planet i

| very small compacsd with that of the planets them-

gelvoal

The cether diatlnct frontgross siedfer,—When lizght teavels
throngh the atmosphore it 15 manifest that the wedimn
throush which the light is propagated is nol the air itseld,
for in the fimt plice the air cnnnot frausmib teansversg
vibrations, and the nernal wibeations which the gir does
transmit travel about o million times slower than light.
Boliel tromsparent Lodies, snch os pgloss and crpstals, oo
uo donlit eapable of transmibting trausverse vibrations, bt
the velocity of transmissinn &5 still mudreds of thonsawd
times less than that with whiclh light is transmitted through
theao bodics, Wa are thorgiore obliged to suppose that
the medinm throngh wiich light i propagated iz some
thing distinct from the traneporest mediom known to we
thentgh e dnterpencteates all teonsparent bodies and oo
bably opugque bixlies too,

The welocity of Tigkt, hewevor, is different in different
trausparent imedia, and we mest therefore ruppose that these
miedia takezomne part in the pricess, ol that thelr pacticles are
vibrating ns well as thoze of the mther, but the cnergy of
the vileatiousof the gross particles must be very moch siallr
than that of the mthor, for otherwise nowmeh larger pro.
portion of the incident light would be veflooted when a my
pazses from vacown to glass or from glass to vaswum than
we find to be the case

fholative wiolion af tha wiber,—We must therefore  con-
sider the rwther within donse bodiesas somewhat lncscly
eonttected with the den=e bodies, amd wo have nest to
igire whether, whon thess dense boedies are n ootion
thromgh the great oecan of wether, they corry along with
thew the wilice they contnin; or whether the mther
passes  through them as the water of thy sen passes
throngh the meshes of o net when it is towed along by a
boat.  If it weee possitile to determine the velocity of Haht
Ly olecrving the time it iakes to travel between one station
andd nuether on the eartl's soofes, we might, by compuring
tho almarved velocitios i epposit: direetions, determing the
velocity of [he wether with respect to \liese tervesirial
gtatinnz. ATl methods, however, Ty which it js practieally
to determine the veloeity of light frony terrestrial experiments
depend on the menzarement of the time vequired for the
doulile jonrney from one station to the other and back
agmin, nnd the inerense of this thoe en acecunt of o relative
velocity of the miher equal to that of the carth in its orbit
wonld be ouly abont ong bundred millionth part of the
whole titae of transmission, and would therefore be quile -
aensilile

The theory of the motion of the wther s landly
sufliciently developes] to coable ns to form a strict mathe-
miatienl theory of the aberrtion of Hght, taking inkd aceonnt
the mmotion of the wiher.  Professor Stokes, however, laa
shown that, on a very proebabila hypothesis with vespect to
Lhe mobion of the wther, the ameoned of aberration weouhl
nod b senzibly affceted by that motion.

Theo ouly practicalle method of determining diceetly tho
relative velocity of the mther with respect to the solar
system i3 to compare the values of the welocity of light
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didueed from the obaervation of the colipaes of Jopiter's | whole quastion of the state of the lominiferons medivw

satelliees when Jupiter is seen from the earth at newrly
oppasite points of the eclijtic

Arago propesed to compare the deviation produced in the
Tiglt of a star alter passing through an acheomatie prism
wheo the: direction of the ray within the prisn formed
different angles with the dircetion of wetion of the earth
in-its orbie. I theather were movingswiftly thirough the
prism, the deviation might be expected Lo be different when
tlie diecetion of the Jight was thesawe 25 thae of the wether,
and when these directions were opprsite,

The present wriber! arrpged the cxpeoment i a more
practicable manwer by usivg nn ocdinary =pectroscopn, in
whicha plowe micror was substituted for the slit of the cal.
limntar. The cross wives of the clserving teleseope were illa.
miuateds The ltelit fromany peint of the wire passed through
the object-etazs aud then throngh the prisms as n pasalld
penctl il it foll ow the vlject-clnss of the eollimator, nod
cone tao A foens ab the wirror, where it swas reflected, and
nfter |mszing again throngh the objectwlazs it formed o
pencil padsine theonsh el of the prisme paradlel to its
original diveetion, g that- the object-uli=s of the oheerviig
telusenps bronght it to o foens eolneiding with the psint ot
tha ¢rozz wires from which it orizioally: proceeded.  Since
the image colnculed with tho oliject, it could mot he
obisereed dircctly, bot Ty diverting the peacil by partinl re-
thoction at a ploun surfece of glese, it was foond that 1be image
of the fineet spdder line could be distinetly seon, though the
light whizh formed the bmnge lad passed twics throngh
three prisnes of 007, The apparatus was ficst turned so
that the dircetion of the light in frst passing through the
goenid prizm woz that of the carth's motion in itz orbit,
The appnratus wiz afterwanis phaced so that the dircetion
aif the lizht was opposita to that of the earth's motion,
[i tho deviation of the my by the prisma waa inerenzel
eriliminizhed for this renzon iu the fiest Journeys it would
be dimini=hed or inceznsed in the return journey, and the
imagze would appear on one side of the oljeet. When 1lie
apmrrtns was taened pomnd it wonld appear oo the otler
side.  “The experiinent wns teied at diferent times of the
year, bt only nesative resanlts were nbtnined,  Wo cninnot,
however, eonclinke alisalutely from this experimont that the
weiliee azar the =urfnes of the earth is earriodl nlong with
ihe earth in itz erldt, for it hos been shown by Peafoszor
Stoken? that aeconling 1o Frornel's hvpothesia the relative
velovity of the scther within the prisg woolid be te that of
the mther outside fnvorsly as the z2qnare of e ndex of
refraction, aud that i thiz caso the devintion would et be
sensibly nlleras] o oeconnt of the motion of the prism
theotgh the mther.

Pizenn,? however, by olservivg the change of the place
of polarization of lieh: transmitte:] obliguely thronsh a
series of ghass plates, obtafied wliat ho sappozed o be
evidenee of a diterence in the resalt when the durection
ol the my in space wos different, nnd Anesteim obtained
analogons reailts by diifmetion,  he weiter i5 nob aware
thet cither wof these very Jiflieult experiments has been
verifod by rapetition,

In anether cxperiinent of M. Fizean, whirh scoms entitled

Lo gronter confidenee, Jie ns ebserved thar the propagition i

of Helie inon steeamy of watee Lakes (liee wath greater
veloctty i the dircetion fn which the waler moves thar
in the appesite divection, ot that the elange of velocity
i less than Uhat which would b due to the avtunl selucity
of the water, aml that the phenomenon does nob oeenr
when air {s subatitutil foraater, 'This experient socns
mitlicr to verrly Frespel3 theary of the wiher; bot the

3 Pl Pt viviin | TRR0 s S5h,
e LT R e A o 1
¥ e, ofe fRinide o ol ]".'-'_l,l_l'l})].l'_ Fpb, 15727,

nenr the earth, and of Its connexion with ross matrer, ia
vory far as yet from being settied by experiment.

Function of the ather in cléchromuagueln;  plenomen,
—Pamday conjectured that the same medium which is
concercd in the propogation of lizht might alse boe tho
acent in clectromognetic phencmenn. " For my own
pact,” bz says, * considering tho nelation of a vacouom to
the magnetic foree, and the general chareter of magnetic
phenogiena externgl te the magnet, [ am mouch more

| inelined to the netien that in the transmission of the {oree

there is auch an action, extemal to the magnet, than thot
the eifects are worely attenetion and repolsion at o diz-
tince.  Such an petion may be o function of the wther;
for it is pot anlikely that, it there be ap ether, it should
have other wzes than sknply the convevance of radia-
tion, "t This conjecture has only been strengthemod Ly

| subsequent investizatione. o

Electrienl energy i3 of two kinds, electrostatic and
clectrokinetie.  YWo have reason fo believe that the former
depends on o property of the medivm In virtue of which
an electrie displavement elicite oo electromotive foree in
thi opposite direstion, the electromotive force for unde
dizplavement being inversely as the speeific inductive capn-
city of the melium,

The electrokinetic ciuergy, on the other land, is simply
the energy of the motion set wp in the mediom Ly
eloctric currents and magnets, this motion not being eon.
fimeh to the wires whizh carry the eurrents, or to the may-
wet, but existing in every place where magnetic foreo can
b found.

Eicetromaguetic Theory of Light—The prepertios of
the electromagnetie mediom are therelore as far s we
have goue similar to these of the luminiferons modinm,
Lot the bust way to compars them iz to delermine
the welocity with which an clectromagnetic disturbance
wonld be propagated throsgh the medivm.  [F this showld
be equal to the veloeity of light, we woull have stroug
reason to believe that tho two medin, ocoupying as they
€0 the sama space, are veally ifdentical. The dam for
waking the caleufation are furnished by the exporiments
made i order 1o compare the clectromagnetic with the
electeostatic syatemn of units, The velucity of propagitivn
of an elestrommgnotie distorbavee i air, as caleolated
from different sets of data, does nob differ more frow the
velocity of light w air, as determined by different
obzepvers, than the several ealewlated valuwez of these
quantities difor among cach other.

If the veloeity of propagation of an electrotaagtictio
distarbauee iz equal to that of light in other tmosparent
mwedia, then in now-mmgnetic wedia the speeilfie inductiva
eapacity shonld be equal to the sqoore of the index of
relraction.

Biltzamann® has found that thisis very occarately troc
for the mases which he bns examined.  Liguids and solids
exhiliit o grenter divergence from thia relation, Lol we can
lspdly: cxpoct even nn approximate verifieation when wo
have to esmpare the resulits of our slugish electrical
cxperiments with the alternations of light, which take plava
bilticus of thyes in o 2econd.

The undulitory theory, in the form which treats the
phenoenn of light as the motien of oo efastic solidy 15
stitl enenmbered with several dillicalties®

The Grat and most important of these is that the theory
indicates the pessibitity of undplntions cansisting o ¥iliei-
thuns pormal to the sarfaee of the wive.  The r-|1!_'.' Wiy of
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accounting for the fact that the optical phevomens whicl
would arise from these waves do not take pluce is to
assume thet the meher 1a inuuujprewilllu.

T'he next is that, whereas the phenomena of rellection are
best cxplained on the hypothosis that the vibirations are
pcrpendu:!l]:!r to the plune of pelarization, those of double
refraction rogquire us to asswme that the vibrotions are in
thut plame,

The third 3 that, in erder to pecount for the faet that
ina ﬂmﬂﬂ{ rofracting cryatal the velucity of rays i eay
prineipal plane and polarized in that plane is the same,
we must assume certnin highly artifieial relations nmong
the coefficients of clasticity.

The electromaznetie thecry of light satisfies all these
requirements by the single hypothesis? that the vlectric
dlisplacement is perpendicular to the plone of polarization.
No normal displacement ean exist, and in doubly refracting
crystals the specifie dieloelde caparity for each principal
oaxis i assumed to be equal to the square of {he index of
refraction of a ray perpendicular to that axis, and polarized
in o plane perpendicular to that axis.  DBoltmnanu?® las
funnd that these relations are approximately true in the
pase of l.'r:;'l’.‘l'.&]ijxﬂ] sulphur, a lsnudq\- hﬂlr'mg tHiree urlcllu:ﬂ
axes, The specific dicleetric capacity for these axes are

respectively
4773 3-970 3:811
and the squares of the indices of relraction
4576 d-BRG 3501

Physical constitution of the wthor—What is the ultimate
eonstitution of the mther 1 ia it wolecular or continmous 1

We know that the mther transmits trapsverse vibrations
to very great distances withuut sensible Joss of cucrpy by
dissipation. A molecular mediom, moving wuder such
eonditious thut o proup of moleenles ence near tocather
remain near each other daring the whole motion, may be
eupable of transmitting vibrations without mueh dissipation
of energy, bus if the motion is such that the groups of
molecules are not mercly slighily altered in confizuration
But entirely broken up, 2o that their eomponent moleeunles
pass into new types of gronping, then in the passage from
vne type of grouping to ancther the onergy of regulare
vibrations will Le fritlered away into that of the ircgular
agitation which we call heat.

We cannob therzfore sappose the constitution uf the wiher
to be fike thatof a gos, in whicl tle molecnles are alwoys in
o skate of irregular agitation, for it =uch amediem o trans-
verze undalation is reduced to less than one fve hnndredth
of its amplitude in & single wave-length, I the mther is
muleenlar, the grouping of the molecules must remain of
the sume type, the confisaration of the groujs being valy
slightly altered dorfng the wotion, il

Mr 8. Tolver Preston® has supposed that the mther is
like & gas whose molecules very rarcly interfaee wich oach
other, so that their mean path is fur greater than any
plonctary distanees. e hus not investiguted the Trru-
parties of such & medivm with any dezree of completennss,
hut: 25 ensy to see thul we might forn a theory in
which the moleeules mever interfore with each obhor's
mation of translation, bt travel in all dircetions with tha
veloeity of Jight ; and if we further suppose that vibmting
budies have the power of fmpressing on these mulocules

~some vector property (sueh as rotation about pn axis)
which does nob interfere with their motion of translation,

_—
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aud whicli is ther earried aleng by the moleeules, and if
the alternation of the avermge value of this veetor for all
the molecules within an element of volume be the process
which we call light, then the equationz which express this

average will be of the spme form as that which ex)resses |

the displicement in the ordinary theory,

It s often assorted that the pere faet that o medium s
clastic or compressible is a proof that the medivm is 6ot
continnous, but s composed of separste parts having vold
spnces betweow them.  Dut there 32 pothing jusensistent
with experience in supposing elasticity or comprassibility toa
be properties of every portiow, however small, into which
the memlivim can be concerved b be divided, in which case
the medivm woold be steietly continnous. A wedinm, how-
ever, though homogeneous eed continucns as regards its
dermity. may be rendered betevogeneous by it motion, as
i Fir W, Thomsva's hypethesis of vortex-molecules in a
porfoct Vguid (see art jl'ru:-ﬂ.

The wther, il it 35 the wediom of eleetromagnelic i:huu-
pomend, is probally molecnlar, at Teazk in this sense.

Sir W. Thomson! bas shown that the maguetic influeues
o Jight diseovered by Fanulay depends on the direction
uf motion of movieg pasticles, and hat it indicates
rotational motion in the medivm whon magnotized.  See
nlso Masirell'a Elestricity awnd Megaieliom, art, 806, &,

Mow, it s manifest chat his rotation cannot be that of
the medinm a2 a whole about an axis, for the maguetic
ficld may be of any breadth, and there i2 no evidenee of
any motion the velocity of which fncreases with the Jis-
tanee from o siaple Gxed ling du the Geld,  If there is any
motion of rotation, it wust be a rotation of very small
portions wf the medivm each alout its own axis, so that
the modivm wust be broken up into a pumber of mole-
culer vorlices

We hove as yet no data from which to determine the siee
or the mwmber of these molecular vortiees.  We know,
Lhowever, that the magnetic foree W the region in the
neiglbourhood of a wagnet i waintained a3 long as Lhe
steel retains its magnetization, and as we have no reason
to bolieve that a stesl magnet would lose all i mam
tetization by the were lapse of time, wo couelude that
the moleeulor yortiees do pot require a continual expendi-
tire of work in order o matitain their geotion, and thst
therefors this motion does not necessunily involve dissipa-
tien of coorgy,

No theory of the constitution of the mether bas yet been
imvented whicl will sceount for such a system of moleculir
vartiens being maintaingd for an jodefinite fime without
their energy leing gradually dissipated into thet irvegular
agitation of tliemelinu which, in ordinary medio, is called
Lieat.

Whntever difficulties we maoy have in forming a consistent
idea of the constitution of the wether, there can be no doubt
that the interplanclary and interstellar spgees are mot
canpity, bt are oeenpiod by o moteria] suletanes or body,
which is certainly the Jargest, and probully the most
uniform lody of which we have any knowledge.

Whether this vast homogensous expanse of Jsoteopic
watter is fitted not unly to be a medicn of plysical iator-
action bolwecn distant Dbodies, and o fulfil other pliasical
{unctions of which, perliags, we bave oz yel no coscejaion,
Lt adsa, as the authors of the Liseen Dniverse soow to
sugzest, to comstitule the material ergamism of leings
exerciaing fuuctions of life and mind na high or higher
thian ours are at present, is 4 question far transcending the
limits af pliysical speenlation, [P TR

ETHEREDGE, S Growes (o, 1636-1630), an English
deainatizt, was bornon or vear London about the year

A Pooeeedivgs of the Mogold Saiele, Jose 1858,
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