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te lioavenly bodies. Ita basâis precisoly of the Sane charactor,
tho coïncidenceo f the alsorved fîtt with theuretical requirc-
tuents."

Inaving theae authorities on Lite doctrine of ovoluition, 1 wilI
nowv give you a sketch of LaPlaco'ii (1780) nebular thoory, epit-
omizcd froin Spencors IlProgressa; Ita Lu%,- and Cause :" IlIf thia
hypothcais bo trtse,» says Mr. Spencer, IlThe Gonesie of the solar
systom supplies one illustiation of this law. Lot us assumeo that
te %natter of w'îichi tho sua and pianota consist once oxistcd in ai

diffi&sed forui, and tnit froni the gravitation of iLs atoms thora ro-
suitod a grodnal concentration. 13y tii hypothosis the solar sys-
tom in it8 nascont stato existed as an indofinitoly extonded and
nearly hetuogoncous încditm-a mecdium noarly hounogoncous in
densîty, in toxaporetitre, and in othor physicai attributes. The
first itdvatnce towards cotasolidation reulted in a difFerentiation
botwcn the occuipied ixpaco wvhich tho nobtilous mass stili fillod,
nid the u:îoccupied spaco %vhich it ireviously flIlcd. Thora aroso
iii this stato or condition a controat ini donsity and a contrast in
tomporature, bot-,oen tho insido nnd the outaide ef this lains, antd
as a constant proporly eft natter is motion, therc arase through-
ont tho volume rotary niovements, wvhoso vclocitica varied accord-
ing to their distances frorn it.s conter. rhwe differantintions in-
cemsed in' number andi degreo tnil thora 'vas ovoivcd the organ.
izodl group of sun, pianots, and atolites îvhich wo nnw know. A
group whdch presents nurnerous contrastu of' structure and action
union- its memblers. There are the immense contrasta between
the Sun ani the pianeta in bulk and in wveight, as woll as the euh-
ordinato contrasts betwveeon e tlanot and anotxor, and botwooxî
tito pianota and thoir satellites. Thora la the sinîilarly niarked
eontmnt botween tlie sun as almnost atationary and the pianota
as nîoving rotand hlmt with great velocity, whilo thero are the Bac-
ondary volocitica and porioda of tho Baverai pianots, and batween
thcir simple rovolutione and tho double oncs of thoir satollites,
wbicli )lavo ta niovo round their primarios 'vhilst xnoving round
the suii. Thora la yct the furthor strong contrast betwen the
sut, and te pianota in respect of tennorature* and thera is reason,
ta supposo that the tîlanota and satellites differ frein Ccdi otlior in'
tixeir propor huat as well as ia thc heat thoy receive froni the
sun.>' Now, how la titis hoat gonomtod, and how is it kept up 1
Thora is the theory known a tho ineteorlo theory of the sua's
beat. Tyndall saya: 1(aowiedge such as 'vo now possess nas
caused philosophoe, in' specnlating on the modo in which tho sun
is nourisbcd and is supply of lighit and boeat kaept up, te suppose
the beat and ligbt te bo caused by the showering down of xnoteoric
matter on tho sun's surface." Thxis la 31cycr's hypothesis, worked
out in 1848.

Whiat foundatica le thore for this hypothesia?1 That bocat is
Coaerated by motion, friction, compression, and percussion Tyn-
dall giv'ea an oxporimont in one of ]lie lectures. lie cools a razr
by~ contact witlî ice, rtabs it on a blle withont oil, as if ta sharpen
it; lbc places tho r-qor againet tho face of a sonvitivo pile witiî a
neodie, attachod whicbt marks sligiter variations of temperattire
titan tho ordinary thcermnoer.î The audience ses a pu%çcrfui
dofloction of te needie, îviich d'ciares the razor te ho bot. To
prove lient by compression ho places a pifce of dcii 'vood
betwoen flic plates of a sail hydrxîulic press and squeezes it
foribly ; liteor compression hoe brings tho wood ia contact ivitit
the pite, whicit declares a~ his been geoerted( by conmpression.
To tîroduco lent front percussion ho taiies a cokd lcad huloet, place
il on a cold anvil, and strikes iL iviti a cold siedge hamimer; ex-
amino tixu Icad and iL la hoated; ana says: «"if we coild gathor
up' ail the lient gencrated by tho stroko of tho siedge and apply it
1without tom rnechanically ire should ho able by nie-tus et i te
lift tho Itamarer te tie hoiglit frein which it fell." Noir, irbat
r'roof have wo for that 1 Dr. Moyer, of Helbronn, in Gormany>
enunciated te exact relation which, subsirita botircea ieoat and
'Ccr , giving Lt a nuruhor wiîich ia noir known as tho mechanical

nival.nt ofbot lie r. Joule, of Manchester, indopendoatly of
- eyer, exporimentod to prove the invariability cf tho relation
irhich subsista botwcon boat and ordinary mochanicai force. Ho
pdaced watcr ia vessels, agitatod that irater by paddlca drivon by

IlieasrUtaJdorce, îand ciatermifitod 1,01/i Lie «mnioloi of henL devc'i-
cped by Stirlinîg tae liquid and tho ainoun of Zabur cxlici,ltl in
Ilie lirocess. lie did the sanie iriith nxrcîîry nîîd ivitî sportt oul.
le ais,) cauiset dtsks cf at iron te rub agraine8t esch aLiter, and

1,teitstit'cd te lienit produced by thoir friction and i/sa forcei ex-
pended in over-cotiîî iL. Ile urgea îvatr through capillary
tubes andi detorniiact the auxount cf lient gcnomatcd by te fric-
tien of te Iitjuid against te Bides of tho tubes. T1his ie a dcli.

caeexporimlent.
lThe resits of his expeiments," ays Tyndall, "lblave ne

i3lttdowv ef dotibt ulpot Lte mmnd tixat, undor all circitinstanc'a,
te quglxtity of li'!îît goneratoui by tîto sanie animit of force le lixeti

and invariable."l Again, C'otnt* Rumîford, whilo horni a caution
at Miinichin l 1798, ivas so forcibly struck by the antoulnt of lient
dovebopeti in tho procosa ot boring that ho contrivcd ant apparattus
for îîîeilstiring Lte tînlotnt cf boeat gonemated by friction. Ira
constructed a hollor cylinder cf irait, fild te ci-hindot' %siLii I.-
potînts of ivator at 60'x cautse(] tho bottom cf tho cylitîder te ho
presod, ngalnst the part et Lte cannon ivitro friction iras great-
est An heur enfter Lie friction iras coxuxneîîced the teiipemtlire
of Lie ivater %vas 107' ; the second hleur iL iras 1.12':; nt tire
heurs and tiuirty minutes after the commeincemtent the water
aottually boiled. fly theso and tinnberleas otîxer exp)etinîeiits iL
wus found that Lte qîiantity cf lient 'vhich irouti mise one potind
of water co dertCo in toniperatuire la exattly equai te îvhat
would bo gonemated if a pound vircigit, atter lîaving fallait tbrouigt
a beight et 772 feet, lias iLs moviag force destroyeti by collision
ivitit the cartît. Coni-ersoly, the ameuint cf lient necessry te
raise eue potind cf wnter ono dcgre e la temperaturo ivouti, if ail
irere applied inecnically, ho compotoat te maise, a poetnti -veight
772 foot bigla, or it îvotld raise 772 pounde one foot higli. Tins
Ltxo qunntity of boat necessary te maise te tenipemattîmo of a peunti
ef water cite degrec bain- takon as a standard, 772 foot ixountis
constituto ihlatje cailotithe necanic1 equivaient ef lient. T.,
establich tii ta stateulouts Mmr. Tyndall perortns xîînuy expori-
moents. lie draps a leadexi bail freont te top et the lecture refui ;
nienures the hoat genemated in tîxo descent anti concussioni. Fires
a rifle bullet at al targot ; incatsures Lue heat goîenated by the
known voiocity. IlBut a rifle haillot, if formcd et leati, inoving
at a 'Velocitv ef 223 foot la a second, wvoîld gencrateý, on striking
a target, an anieuint cf boat ivhich, if coxcentrated la the bullt,
woulti rise ils temperaturo 300 ; with six Limes titis volocity it
ivili geonato thirty-six Limies titis amouat cf lient. Ileiice, 36
tunes 30, or 1,0801, îvould represent tii. autgmeîntation cf Loin-
iboaturo cf n iie hall on striking a Larget iritit a vclocity cf
1,338 feot a second. Titis is more titan suificicat motion to, fuse
tit o iti." Prom tîxese andi otîter consideriitî lie concludes
that it la manifest that if wo kno ir te rdociiy andtircwdyt cf ainy
projcclli woea caic lulato %vith 2aso te ainutît et lient d.evelojed
by the destruction cf its nîoving force." For exaîtîplo: "KuZiow.
ing as ire do te oegî f te earth ani te vclocity ivith whieli
IL mnoies tîtrougi apace, a simple caiculin ivoui enable us te
determnîlu the exact amoxînt cf lbeat îvhich ivouiti he developeti,

supon te carth tii ho stoj'pcd in' lier orbit." Mynanti
lielmuinoiotr bav-o made tIti, -alcîxiation, anti fouti thit the quali.
Lity of litat~ gencratedl by titis colossal shock iroti be quiLe suiffi-
clatit net only te fuase the entira cartit, but ta reduice it inî grent,
part to vai)or." "l Tins," ays Mr. Tyndall, Ilby te simple stop.
page of te eirthinl its orbit, te elenients xnight ho caîxscd to
'meit ii fervent hoat.' The atnount cf lient Ltn dotcloped ivouiti

bû equal te titat donived frein Lte combustion cf fourteen globes
et ceai, oach e<&ual te the carthin l magnitude. .And if, after the
stoppagô et its motion, te earthi shoulti fail into te sun, as it
nssuredly would, the amotint of lieat geacrateti by te bloi voilda
bo equal ta Litat deveieped by tho combustion of .',000 %vorids cf
SOUl caubon."

lient una produce mechaulcal force, andi zaohanical force ;an
produce hat. %ouir comuxea qîîality muat therefore tralLe titis
agent and tho ordinary formas of mechaulcal poiror. Thtis is proveti
to ho motion.

Thero arc two thoories ef bet--tho mqtorial ani te dynamical


