S
due to the enormons merease of the mortality among mero
infamts under une yeor of age; and this incresse is duc
ot ouly to deiths at one pee, hub to deaths from one
class of disenses, viz, bowel complaints I (le deaths
from buwel complaints be deducted from the deaths from
all fanses, thero remaies an exeess of deathsin the eofld
mosths, and a deficieney in the womy months,  In other
wonts, the cupve of mortalite is regulated Uy the large
mmber of deaths from disonaes of The respiratory organs
The curve of mortality for Londoen, if wers infunts be
cxeepted, hias thus an inverze relation to the temperature,
raing na the temperdire falls, and falling as the tempera-
ture mises:  One the other hand, in Victoria, Austradia,
where the swiners are holter and the winters milder, the
curves of mortality aml temperatuee are divcedly related to

ercl other—amortalily awd temperaturs rising nad falling |
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togethar ; the reason being that in Vietoria deaths from
bowel complaints ave muoeh greater, and those from disenses
of the respimtory organs much less than in London.

The eurves show that the maximum anmel mor
tality from thie difforent diseases groups around certain
specific conditions of tempermture and meisture combined,
Thus, eofd amd moist weather is accompanied with o high
death-rate from rheumatism, heart disenses, diphtheria, zud
mensles o eold dreather, with o hisl désth-rate from bron-
eliitis, pueumonin, &c ; el and dry weather, with a high
death rate from Lepin dizseases, whooping-cough, convul-
sdows - oteaem i dey seeether, with g Ligh deatlerate from
suicide and swall-pox; Aot weather, with a high death-rate
from bowel complaiuts; and wreme giadsd seether with o
Ligli destherate from searled and fyphoid fevers, (See
CroaTe) (69 5

ATMOSPHERIC RAILWAY, o railway in vhich the
presaure of air is nsed diceetly ur indirectly to propel enr
ringes, a3 a substituto for steam.
when the prineiples of propulsion were not se well wnder-
stood as they are now, and when the dangers and fugomyeni-
enecs attendont on tie use of locomotives wers vory mueli
cxagzemied,  TE had heen lopg Enawn that sall olijeets
coitld e propelied for groat distanees througl tubes by air
pressure; but a M Vallanee, of Beiglion, secws to ave been
the fiest Lo propoze theapplication of this system to pmesenger
traffic.  1le projuected (about 1825) an atmosplicric milway,
consistingola wooden tube about G feot G inches in diameicr,
witly a corrlare running inshle it A diapheaom Stting the
tulsz, appreximately air-tight, was attached to the carriage
amd the ric exhavsted frome the oot of it by o siotiownry
engine, 50 that the atmesplerie prossare behind drove the
eatriage forward,  Later inventors, commoneing with Tlenry
Pinkus (1333), for the most part kept tho carrinzos
alfagether outzide the tabe, amd econnectod them by a bar
with a piston working inside: it, this piston being moved
by slmoapheric prossure tn the way just mentioned,  The
tiube was menerally provided with a slot upon s upper
gide, elosed by a centimueus velve or its oquivalapt, and
areangements were ade by which this valve should be
vpened to allow the passame of the driving bar without
pecmittieg great leakage of ain  About 1840, Mesars
Clore & Bunuda  made vardouns experimonts with an
atmosplicric tube constrveted on this prineiple opon a
portion of the West Tonden Railway, nenr Wormnwood
Serubs,  The apparent suceess of these indueed the Dublin

AL

TOM {draping) is o body which capnot be cut in two

LA The ntomic theory i o theory of the constitution of |

bodics, which asserts that they are made wp of atoms. The
opposite theory is that of the homogensity and continnity
of bodies, and asserts, at least in the ease of bodies having
no apparent organisation, such, for fnstance, as water, that
as-we ¢an divide & drop of water into two parts which nre
cach of them drops of water, so we have reason Lo believe
that these smaller drops ean be divided again, and the
thoory goes on to assard thot thero is notling in the natura
of thiugs to hinder this process of division from being
repeated over and over again, times without end.  This ia
the doctrine of the infinile divisibility of bodies, and it is
inn dirsct contradiction with the theory of atoms.

Tho atomists azsert that after o cortain number of such
divisions the parts would be no longer divisible, beeause
each of them would be an atom. The advocates of the

It wos devised at a tinis |

20 thoroughly imderstosd thirty years ago

and Kingstown Dailway toadopt Cles & Samuda’s sehome
npon A extension of their lwe froon Kiugstown to Dhalkey,
vliore it was in operation in 1844,  Later em, the same
system waz adopted onoa part of the Bouth Devon line and
in gevernl other placos, ond during the years 18441846
the English awd French patent records show a very lars
mmubar of mare or less practiealids and ingenions schiemes
for tho inbes, valves, and driving gear of atmosphene
rilways,  The atmosphesic system was nowhere per
manently  sucecssind, bub in all cazes was eventually
superseded by locemotives, the last atmospdieric line Leing
1lruhurlv]}' that at Et Germoins, which was worked undil
1562, Aport from diffleulties In conueetion with the
working of the valve, the maiutenance of the vaeumm, &,
other great practical difficultics, which had not boon
indizated by tho experimerts, soun wmade themselves kuown
in the working of the Jines,  Above nfl, it was found that
stztionary enpines, whetler hanling a rope or exbausting a
tube, conbid pever work a- madlway with anything like the
ccoramy o the conveuience of lovomoatives, o point which
ia now reganided a3 settled by cugineers, but which was not
Lately, 1he
principle of the ptmespherie rilway lins Lbeen applied on a
very Jarge seale in Lomlon and vlsewhere, wnder the name
of ¥ I'spuaanie Desearcn® (9.0}, to the fransmission of
sl porecls o coneetion with postal and telegraph work,
for which purpose it hias proved admirably adapted.  {(Ses
paper by Prof, Sternberz of Carlsrube in Hensinper wou
Waldega's Handbuek filv speciclle Eissnbakutechnil, val., i,

b2 e, vk

0 M

continuity of matter mssert that the zmallest coneeivabla
Body has parls, and that whatover has parts may he
dividid,

In aneciont times Demoeritus waz the founder of 1be
atomic theory, while Avaxaporas propousided that of con-
tinuity, under the name of the doctrive of lomamomeria
('Opowpdma), or of the similarity of the parts of o body to
the whole, The argugents of Uhe atomists, and {heir
replics to the objections of Anaxagoras, arc to e found in
T.ueratine.

In modern EHmes (e sindy of natere has brouglt to
light many properties of hodies which appear to depend on
the marnitnde and motions of their ulimate constituents,
and the question of the existence of aloms has ence more
hecome conspictious among sejeniifie inquiries,

W shall begin by stating the opposing doetrines of atoma
and of eontinuity before giving an outline of the state of
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maolecular seienen na it now exists.  To the carlicst times
the moeat ancient philozophers whose speculations are
Enown to us seem fo have discussed the ideas of aunmber
and of continuous magnitude, of space and time, of metter
and motion, with a noative power of thonght which has
robably never been surpaszed,  Their actnal knowledge,
powever, and their sclentific experience were necessarily
limited, because in their days the recopds of Bumen theught
were ouly bezicning to accumulate, It is probable that
the frat exnet netions of quantity were founded on the
constderation of number. It i3 by the Lelp of numbers
that econcrete quantities are practienlly measured and
calculated,  Wow, number is discontinnens, We pass
from ooe number to the next per seltwm,  The magnitudes,
on tho cther hand, which we meet with in geametry, are
esacntially continuous, The attempt to apply numerizel
mothods to the comporison of geometrical quantitics led to
the dogtring of incommensurabies, and to that of the infinite
divisibility of space.  Meanwhilo, the smme considernbions
had not been applisd to time, se that in the davs of Henn
of Tlen time was still regnrded a3 made up of o finite
nmmber of “ mowments,” while space was eonfessed to ba
divisible without limit. This was the state of opinion
when the celebrated arpuments amainst the possibility ef
motion, of which that of Ackillee ond fhe tortoiss iz a
specimen, were propeunded by Zeno, and such, apparcntly,
contimned o be the state of opinfon till Aristoile peinted
cub that time is divisible without limit, in precisely the
samc sense that space is, - And the slowness of tho develop-
ment of scientific ideas may be estiwated from the faet that
Dayle does not ee ony force in this statement of Acistolle,
Imt continues to admire thoe paradox of Zemo, (Doyle's
SHetionary, ark, “Zeno™), Thus the direction of trme
szicntific progress was for many ames townnds The recogne
tion of the i?:%ni!.c divisibility of space and time,

It was easy to attempt to apply similar arguments to
matter, I anotter is extended and fills space, the snme
mental operntion by which we recoznise the divisihility of
space may be applied, o imegioation at least, to the matter
which cceupies space.  From this point of view the atomic
doctrine might be regarded as o relic of the old rumerizal
way of coneoiving marmitude, and the opposite dectrine of
the infinite divisibility of matter might appear for & time
the moest scientific,.  The atomists, on the other hand,
asserted very strongly tho distinction between matter ond
5 The atems, they said, do not 1l up the universe;
thore ore void speces between them, If it wore not eo,
Lueretina tells ws, there could be no motion, for the ztom
which mives way first must have some empty plaee to
mnove nta.

Qua}nrnf?dm' toens e9t intactus, inane, vacausque
Quoed sl non esset, nulla mticne moveri
Lies possent § namaque, oficim fquod corporis exstat,
Oifficere atque obstare, 1d in omni ternpore adessel
Omndbuz @ hawl fgitor guiegnam procedere possct,
I'rivcipium quoniam cedendi nulls daret res.””

—Il Bevum Neturn, i §25,

‘The opposite echool maintained then, as they have abways
done, that there is no vacnum—that every part of spacs is
full of mattoer, that there is o wniversal plenum, ond that
all motion is Like that of a fish in the water, which yiclds
in front of the fish beenuse the fish leaves room for it
belind,

** Codore squamigeris latices nitentitos ajunt
Lt Niquidas nporize vizs, quis post loea plsces
Lingnant, quo pessint cedentes canfloeee unde," s
=1 alid,

In modern times Deseartes held that, a5 it i3 of the
esgenee of mattor to be extended in length, breadth, and
thickness, 86 it is of the esscuce of exteusion o Le oecu-

a7
pled by matter, for cxtension cemnot be om cxtension of
nothing.

* e proinde siquaemfur quid fick, 5 Deus aufernt amné corpus
nuad in allgne voss continetur, ef nullom alind in ablati locum
venle permitint ! respondendiom ost, vasis latere sils fnvieem hoa
ipsc foro contimua. Uam enim ioter dueo corpore nihil interjacet,
necesge exf uf se oo tangant, oy inanifete IEF'I:I#EL:J ut distent,
pive ut joler ipsa sit distantia, ot tewnen ot idtn distantin gie nihil:
quaba omnia distantia rst modus extonsioniz et ides sine subsinntiz
extensa csse nen potest"—Princfpia, 11, 18

This identificnfion of extension with substanece runs
through the whole of Descartes's works; and it forias one of
the ultimate foundations of the systeny of Spinoza.  Des
cartes, consistently with this dectrine, denied the existenca
of atoms a8 parls of matter, which by their own nature aro
indivisible. s sooma to admit, however, that the Deity
mirht make certain particles of matter indivisible in this
aonse, that po creature should Le able to divide them.
These particles, howover, would be atill divisible by their
own nature, because the Delty cannot diminish his own
power, and therefore must retoin his power of dividing
them,  Teilnitz, on the other hand, regarded his monad
as the nltimate element of everything

There ave thus two modes of thinking about the consti-
tution of bodies, which bave hpd their adharents both in
ancient and in modern times, They corcespond to the
two wethods of reparding quantity—the arithmetieal and
the geometrical, Mo the atomist the true method of
extimating the quantity of metter in o body is to count the
atoms init.  The void sppees between the atoms count
for nothing, To thoze who identify matter with extension,
the volome of space occupied by a biody is the only measury
of the quantity of matter in it

Of the different forms of the atomic theory, that of
Boscoviclh may be teken as an example of the purest
menadism.  According to Toseovich matter is made op
of atoms. Eaeh atom i3 an indivisible point, having
position in space; capable of motion in a continuous path,
and possessing n certain mass, wherehy o certain amount of
forco 33 required to produce o givon change of motion,
Desides this the stom iz endowed with potential force,
that s to say, that any bwo atoms attract or sepel each
other with a Tores depending on their distance apart.  The
law of this force, for all distances greater than say the
thenzandth of an inch, is &n attraction varying as the
inverso aquare of the distance.  For smaller distances the
foren is an attraction for one distawes and a ropulsion for
another, according to some law not yet discovered. DBos-
covich himself, in order to obviate the possibility of two
atoms ever being in the sume place, asserts that the ulti-
mate force is a repulsion which increases without limit as
the distanee diminishea withont limit, so that two atoms
can never coincide, But this seoms an unwarmantable
conecszion to the velear opinion that two bodies cannot
co-exist in the same place,  This opinion is dedueed from
aur experience of tho bebaviour of bodies of senzible size,
bot wo bave no experimental evidence that two atvms may
not sometimes cotncide, For imstanece, if oxvien and
hydrogen combine to form water, we have no experimental
evidence that the molecole of oxygen iz not in the very
same place with the two molecules of hydrogen. Many
perzong eannct get rid of the opinion that all matier is
extended in length, brendih, and depth. This is o pre-
judice of the zaome kind with the last, arising from our
experience of bodics consisting of immense multitudes of
aroms.  Tho system of atoms, according to Toscovich,
oecupies a certain region of space in virtue of the forces
acting between the component atoms of the system and
any other atoms when brouglht near them, Nao other
s?'xtem of atems can occupy the same reglon of space al
e smine tme, because, before it conld do se, the mubaal
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achon of the atomz would have caused a repulsion befween
the twe systems insuperable by any force which we can
commanil. Thus, a number of soldiers with firearms may
nzenpy an extensiva region to the exclusion of the enemy's
armics, though the space filled by their bodies is but small,
Tn this wiy DBoscovich cxplained the apparent extension of
Lodies consistiug of atoms, each of which is deveid of
extongion.  Acconling ton Buscovieh's theory, all aection
Letween bodiss is activn at o distapee.  There iz no such
thing in natnrm 83 ecetunl eontact between two bodies,
When two bodies are sabl in ordinary lanzuame to be in
contaet, all that is meant iz that they are so near together
that the repulsion between the nearest pairs of atoms
Lizlanzing to the two bodies is very rreat,

Thus, in Boscoviel's theory, thoe atom . hns eontinuity of
existonce in time and space. At any insfant of Hme it is
at some point of spaes, aml it i3 never inmeorp thon one
plinoe ot o time. Tt passes from ons place fo another slong
a-eontinons path.
increnseld or diminishied.  Afoms ars endowsd with the
prwer af ::rc.tfi:g on one another Il}-‘ attraction orre ]u!ﬂil;li!,
the amount of the force depending on the distance between
thion,
dizionsions.  Tn its meometrical aspeel it i3 o meve geo-
motiieal point, It has wo extemsion in spaee, 1t has not
the soreallad propeety of Dnponeteability, for twe atoniswny
exist i the saone plaee, This we moay rogand as oue
extreme of tho various opinfons about the constitubion of
bodiea

The opposite extreme, that of Anaxemms—the theory
that Lodics appurently homogeneons ahil continuous are so
1z reality—is, In ita extreme form, o theory incapable of
development,  To explain the proportics of any sulistance
Ly ihis theory iz impossibie,  We can only mlmit the
obacrved propertics of such subslance as cltimate focts,
There {5 o certain stage, however, of aciontifie prosroas in
which 2 method L.:n'.‘n.:.il.‘rﬂﬂﬂiﬁg to this {heory is of serviee,
Th hydrostatios, for inatancs, we define o fluid by means of
oie of its koows propertics, and from this Jefinition e
winke the syetom of deduetions which sonstitutes the seience
of Lydrustaticss.  In this way the scionco of hiydrostatics
may he built upon an experimental basis, without any con-
shloration of the constitution of o Auil as to whether it is
malecularor continuous.  In hike monner, alier the Feonch
mathienaticinns haid attempted, with more o less ingenuity,
to conztrncs a theory of elnstic solids from the hyputhesis
that they consish of stoms in equilibriom ander ihe action
of their tautual forees, Stokes and others showed that all
the results of this hypothesis, so far ab leask as they ngroed
with fegls, might bededuged from tha postolate that elastic
Lolies cxist, amd fromy the hypothesis that the smallest
prarlivns into which wa can divide thew pre sensibly home-
meneots,. In this woy the prineiple of continuity, which
is the bosis of the methed of Flamiows and the whele of
modern mathematics, may bo applicd w the analysis of
irubloms connected with material bodies by assmming them,
or the purpese of this analysia, to be bomogeneous, All

that iz reguired to make the reaults applieable Lo the real |

cazy Is that the smallest portions of the substanes of which
we tako any notice sholl bo sensibly of the some kind,
Thus, if 2 railway contrackor has to make o tunnel through
a lill of gravel, and if one enbic yard of the gravel is a0
liko onother enbic yard that for the purpeses of the contract
they moy bo taken ad equivalent, thon, in cetimating the
work required {o remove the gravel from the tunnel, he
may, without fear of creor, moke his ealeulations os if the
grevel were o cantinuous substance. Bub il a4 worm has to
maka kiz woy through the geavel, it mokes the greatest
possible difference to- him whether he tifes to push right
agninst o plece of gravel, or directs his course throuzh

|

It lias a definite mass which cannot be |

|

On the other and, the atom itself Las no parts or |
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ono of he inbervals Letween the picecs; to him, therefores,
the gravel is Ly no means o homogeneous and continuous
substanee,

In the same way, o theory thaf some particular substance,
say water, is homogencous anid continuoug may he o good
warking theory up to o eortadn point, but may fail when
wocontie to deal with quantities 0 minate or 0 attenugted
that their heterogencity of structure comes into prominenee,
Whether this heterogeneity of structure is or iz nob con-
sislent with hemogeneity and continnity of substance i3
another question,

The extreme form of the dectrine of contiouity 13 {hot
stoted by Deseartos, who maintaing that the whele unirorss
is cqually full of matter, and that this matter is oll of onc
kind, having no essential property Uesides that of extension,
Al the propevtics which we perecive innintter he reduces to
its parts being mevable among one ancther, and so capalie
of all the voricties whiel we onu perecive to follow frum
the motion of its parts {Principéa, ii. 23).  Descartes’s own
attenpts to dedoce the difforent qualitics and activms of
Liodies in this woy are nob of inuel value,  More thon a
century was required to invent methods of investizabing
the conditions of tho motion of systema of badics sach a3
Diezeartes tmaine],  Dut the Lpdrodvmamical dizcovery of
Helmholtz thot & vortex in o perfect liguid possesses cortain
permancnt characloristivs, hus been npplicd Ty Sie W,
Thomsen to form o theory of vortex atems io o hong
meneona, inecompressiblo, and frictionless Houid, to which
wa shall reburn af the proper thne

Quras® oF MopeEns MonECULAR SOIENCE, AND IN PAD-
TicoLAT 0F TR Moneouran THEoRY of (ASES,

W bogin by assaming that Lodies are madeup of pacts,
cach of which is copable of metion, and that these parta
act on eneh other n & moaner congistent with the principly
of the conservation of energy,  In making these assmg-
tiong, we are justified by the facts that bodies wmoy Tae
divided iute smaller parts, and thet all bodies with which
we are acquainted aee conservative systems, which wonld
not bie flic caac unless their parts were also conscrvativo
gystems.

We mny also pssume that these amall paris are in nrolion,
This 15 Lho mest ge;]tmi .'LssumllLiL'.-u we can malie, for it
incluiles, es o particular ease, the theory that tho small
pirts ave af rest,  The plhenotnena of the dilfesion of goeca
nnd liguids throngh coch pther ghow that there mway bo o
motion of the small parts of a hody which i not pereeplilie
Lo ns,

We make po gssumption with respeet 1o the. natweo of
the small parts—whether they are all of cne magnitude,
We do not even assuine them Lo have extension and figure.
Each of them mmst ba measured by its mass, and any two
of them must, like visible bodics, have the power of :I'L‘tiﬂ',;
on one another when they cone near encugh fode so.  The
properiies of {he body, or medium, are determined Ly the
conliguration nad motion of its small parts,

The first step in the investigation i3 {o determing the
mmount of motion which exists among the small pats,
independent of the visible moetion of the mediun as 8
whole.  For this purpose it is conveniont to make use of a
general theorem in dynamies due to Clausius,

When the motien of a material systom is such that the
time average of the quantity S{me?) romaing constant, the
statc of the system i3 said to be that of statiouary motion,
When the motion of a materfal system is auch that the
gum of the momewts of incrtis of the system, about three
axes at right angles through its centre of mass, never vorices
by more thay small guaniitics from o constant value
the systom is said to be in o state of stulivnacy motion.
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The kinetic energy of o particle is half the product of
ite mase into the sgoare of ite velocity, and the kinetic
energy of & system is the sum of tho kinetic onorey of all
its parts,

When an attraction or ropnlsion cxists botween two
t:tints, half the peoduct of this stress into the distance

ween the two points is callod the virial of the stress,
and is reckoned posifive when the steess ia 4o attraction,
and negative whon it jaa repulsion.  ‘The virml of o system
is the sum of the virinls of the stresses which exist in it
It the system iz subjected to the external stres of the
rressure of the sides of a vessel in which i i3 contnined,
this stress will introduce an amount of virdal §pV, wherg
p iz the pressure on unit of area and V is the velume of
the vessel,

The theorem of Clausing mey now b stated as follows :—
In a material system in oostate of stationary motion the
Limu-nverage of the kipotic encrgy iz eqnal to the time-
averege of the virial,  In the case of a fluid enclosed in o
weasal -

E(meTy=gpV 4 LEE(),

where the fiest term denotes the lifnetie caergy, and 15 half
the sum of the product of each moss. into the menn squarc
of its velocity. In the zecond terie, 2 is the pressure on
unit of surface of the vessel, whose volumeis 'V, and the
third term expresses the virial due to the internal actions
betweon the parta of the system. A double symbel of
sumination i5 used, because every pair of ports betwoeen
which any action exists must be taken into account.  We
have next toshow that in gnses the peineipal part of the
pressore nrises from the motion of the smoll ports of the
medivm, wwl a0t from o repulsion between thom,

In the first place, if the pressure of o gas arizes from the
repulsion of it parts, the law of repulsion must beinversely
as the distanes. Tor, conzider o cube filled with the gas
at prossure gy and Jet the enbe oxpand till each side fs =
times itz former lengtll,  The pressure on unit of surface

: : : 3 .
aczording to Boyle's law is now a,_ﬂ‘ and sinen the aren
of 2 face of the cube iza? tines wheat it was, the whole
e =
preszure on the face of the cubs is - of ita eriginal value,

Dut since everything has been expanded aymmetrically, the
distanee botweon corresponding parts of the air iz now »
timmes whnt i was, and the fores is n times less than it was,
lence the force must vary inversely a= the distanee,

But Nowton haa showu (Principie, Uk, 3, prop, 03) that
this law i3 inodmissible, as it mokes the effeet of the dis-
tant parts of the wedinm on o particle greater than that of
the neichbouring parts.  Indeed, we should arrive at the
coticlusion that the preasure depends not only on the density
of the air but on the form and dimensions of the vossel
which contains it, which wo know not to be the caze.

If, on the other hand, we suppose the pressurs to arise
entirely from the motion of the molacules of the gnz, the
interpretation of Toyle's lnw Leeemes very simple.  For,
in this ease »

PV =1E0mR),
The first term i3 the produet of the pressure and the velumae,
which necording to Boyle's lnw is comstant for ilie smue
quaniity of gaz ot the smane temperature,  The second term
is twothinda of the kinetic energy of the system, and wa
Leve evory roason to beliove that in gases when the
temperature iz constant the kinctic cnorgy of unit of maas
12 also constont. . If wa admit that the kinetic enermy of
unit of 1uss is in 2 given gas proportional to the absclute
temperatare, thiz equation is the cxpression of the low of
Charles as well as of that of Boyle, and may be written—

V=18,

39

where @ 15 the temperature reckoncd from absclube zevg,
and I is o constant, The fnct that thisequation expresses
witl considerable aseuraey the relation between the volume,
pressure, and temperature of 4 gas when in an extremely
rarified stabe, and that o5 the gas is more and more com-
pressed the devistion from this equation becomes more
apparent, shows that the pressurc of a gaz is doe almost
entirely to the motion of itz molecnles when the ros is rave,
and that it is only when the density of the ges is consider-
ably fncreased that the effect of direct action between the
mpleeules becotass appeurent,

The effect of the direct action of the moleeules on each
other depends on the number of pairs of molecules which
ab gi'l.'un instant are near encugh o act on one another,
The nember of such pairs is proportional to the square of
the nomber of molecnles in unik of volume, that is, to the
square of the density of the gos.  Henee, aa long as the
medinm iz 50 rare that the encounter botween two molecules
iz not affected by the presence of others, the devintion from

loyle's law will be proportionol to the square of the
density. If the action between the molecules i3 on the
whole repulsive, the pressurs will be greater than that given
by Boyle's law. If it is, on the whole, attractive, the
pressuve will be less thon that givon by Boyle's law. It
appenars, by the experiments of Tlegnault and others, thot
the pressure does deviate from Poyle's law when the
density of the gs is Incrcagsed,  In the cese of carbonie
acid and other gases which are easily liquefied, this devin-
tion iz very great.  In all enses, however, excepd that of
liydrogen, the pressurc iz less thon that given by Boyle's
low, showing that the wvirial i3 on the whole dus to
attraciive forces betweon the molecules,

Another kiml of evidonce s to the noture ¢f the action
Letween the meleculos iz furnislicd by an experiment mads
Ly Dr Joule. OFf two vessels, one was exhausted and the
other fillsd with o gos of o prossure of 20 atmospheres ;
aid both were placed side by side in o vessel of water,
which was coustantly stirred. The temperature of tha
whaole wae obsorved, Then a communiention was opened
between the vesselz, the compressed gas expanded to
twice itz volume, and the worl of expansion, which at
first produced & strong curcent in the gus, was soon con-
verted into heat by the internal friction of the gas. When

| all was asain at rest, and the temperatare vniform, the
| temperature wos again observedl  In Dr Jonleé's original

cxporiments the ohserved tempernture was the saome as
Lefore,  Tn o serics of experiments, conducted by Dir Jouls
and Sir W, Thomson on 2 different plan, by which the
thormul effect of fren expansion can be more sccurately
menzured, aoslighl cooling offeet was chéerved in all the
gases sxamined except hydrogen.  Sicee the temperatora
depends on the veloeity of agitation of the moleeules, it
appents that when a gaz expands withont doing external
work the velecity of azitation is not much affected, but
that in most cases it is slightly diminished, XNow, if the
molecnles during their motual separation act on eoch other,
their velowty will increase of diminish according 2s the
force is repulsive or nttroctive. I appears, therefore, from
the sxperiments oo the free expansion of gases, that the
foree betwosn the muolecules §s small but, on the whols,
attractive

Hoving thue justificd the hypothesis that o gas consists
af molecules in motion, which act on each other only
when they come very close together during an eneounter,
but which, during the intcrvals between their enctunters
which constitute the greater part of their existence, are
deseriling freo paths, and are not acted on by any mole-
cular foree, we proceed to investigate the motion of such a
Aystemn,

Tl mathematien! invostization of the properties of such
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g system of molecules in motion is the foundation of male-
cular sefonce.  Clausine wos the fist to express the
relation Botween the density of the gas, the length of the
Free paths of its moleculos, and the distanco al which
they cucounter cach other,  Tle assumed, however, ub lonst
in his exclier investigations, that the velocities of all the
roleeules are equal.  The mode in which the veloeitics are
distributed was fiest investigaited by the present writer,
who ahowed that in the moving system the velocities of
the moleenles ranpe from zero to iofinity, Imt thot the
mumber of moleenles wheose veloeities lie within given
limits can be expressad by o formuls identical with thit
whicli oxprosses in tho theory of errors the number of
criors of obsorvation bying within corresponding limits,
The prooi of this theorom has been carefully investioabod
Ly Daltzmane ! who has strencthened it wheee ib appeared
waenle, anid 1o whom the method of taking into account the
action of external forees is entirely duoc,

The mean kinetic energy of o moleculs, however; has a
definite value, which iz easily cxpressod in terms of the
quantities which enter fute the cxpeession for the distribu-
tion of velocitice, The most important result of this investi-
gation is that when severnl kinds of meleeules are in motion
ond acting on one another, the mean kinetic energy of 2 mole
cule iz the some whatever be its masz, the mulecules of
greater mass having smaller moan volocitios,  Now, when
gases are mixed their tempenituros bocome squal,  Heneo
we conclude that ihe phiysical condition which deteriminos
that the temperature of two gases shall be the sane §a that
the mean kivctic enerzics of agitotion of the individual mele-
cales of the two gases are cqual.  This result ia of great
importanes in tho theory of heat, though we are mot yot
able ta ostablish any similar reanlt for bodies in the lguid
or solid stata:

In the mexe place, we know Uiad in the casedn which the
whole pressure of the medinm i3 dun to the motion of its
molecules, the pressure on unit of aren s numerically
equal to two-thirds of Lhe kinelic cnorgy in unit of volume,
Hence, if equal volomes of two gases areal equal preasurea
the kinetiec coergy i the same in eoch. IF they are alsa
ab equal temperatures the mean kinetic energy of each
malecule is the zame in each.  If, therelore, equal volumes
of two gases aro at eqoal tomperatures and prossores, the
numbeor of molecules in each s the same, aod therelore,
the massee of the two kinds of molocnles are in the same
rabic as the densities of 1he pases 1o which they belong,

This statement has been belioved by chemists since the
time of Guy-Lussae, who first established that the weights
of the chemic] equivalents of different substances are
proportional te the densitica of these substaness when in
the form of gas. The definition of the word maoleenle,
however, as cinployed in the stalement of Gay-Luossac’s law
i3 by no means identizal with the definitien of the sung
word as in the kinetis thcory of pases. The chemists
ascertain by experiment the tatios of the masses of the
different substanges in a componnd.  Vrom thess they
deduce the chemical equivalents of the different substances,
that of a particular substance, zay hydrozen, being taken
03 unity, The only evidence made nse of it that furnished
by chemical combinations. Tt is also assumed, in order to
secontt for the facts of combination, that the reason why
substanees combine in definite mtios 1s that the molecules
of the sulstances are in the rtio of their chemicnl cquiva.
lents, and that what we call combination i3 an octicn
which takes place by o union of & malecule of one substance
to o melecnle of the other.

This kind of renscning, when prezented in a proper form
and sustained by proper evidenee, has a high degree of

3} Sitrungslerichts der K. K. Akmd,, Wign, Sth Ocr, 1838
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cogency. Db it s purely chemical resoning; it is notb
dynamical reasuning, It is founded on chemical experi-
onee, not on the laws of wmotion,

Cur definition of 2 molecnle s purely dynamical. A
inoleeule s that ininate purtion of a substance which moves
abont a5 o whole, so that its parts, if it has any, do not pnet
cmnpu.tl}' during the motion of agitation of the gas. The
result of the kinetic theory, therefore, is to give us informn-
tion about the relative masses of nolecules considered as
moving bodies.  The consisteney of this informacion with
the deductions of elieniists from the phenomen: of eom-
bingtion, greatly strengthens the evidenes in favour of Ll
netunl exizteres and wotion of gascous molecules.

Another confiruntion of the theory of molecnles is
derived from the experiments of Dulone and Tetit on the
spocific hieat of goses, frome whivh thuy dedoent the nw
whizh bears their npme, and which asserts that the specilic
heats of cqual weighits of pascs are inversely as their cein-
bining weighis, or, in olher wonds, $hatl the copaeities for
leat of the chomical equivalends of dilferent gases am
cqoal,  We have seen that the tem}scm#um is determined
Ly the kinctie energy of -agitation of sech molocels.  The
molecnle lias also o cevtain amount of ensrgy of inturnal ni-
tion, whether of rotativn or of vilwation, but the Lypothosia
of Llawsing, that the mean value of the internal energy
ulw:t:.'s Livars a Flrut-urliuh fixed for encl gne to the enercy
of agitation, scews hizhly jprobable and consistent with
ceperiment.  The whole Jinetic cnergy i8 therefore eoual
to the cnergy of agitation multiplied by & cortain factor
Thnd the energy communicated fo & gas by lwating it is
divided fu o corbiin proporliion bibween the ensigy of agita-
tiun and that of the interual motion of cach moleente, Tur
f aiven rise of temperatore the eperzy of poitation, say of a
uillion molconles, is inereased by the saune amoont what-
over be the gas.  The heat spent in risipe the temperatare
is weasured by the inerease of tho whole kinotie encriy.
The thermal enpacities, thercfore, of cqual sumlers of
molecnles of different gascs arc in the matio of the fucturs
by which the cnergy of agitation must be multiplied to
uﬁlluhi the whole coprzy,  As this Lelor appears to Le
nearly tho same for all gnaveof the same degreo of atomicity,
Diolong amd Potit's law is tene fur such gases

Another resolt of this dnvestizotion is of condideralle
importince io relation to cortain theories,® which assuine the
existonce of mthers o rare mediz cousisting of moleenles
vory el smaller than those of vedinary gases,  Aecording
tooure reanlt, such o medium would be neithor more no
less than a gos.  Sopposing its molecules s0 small that
they can penotrate betwoon the molecules of solid sabatances
such ns pliss, 2 so-called vaeuumn would be full of this rare
gns ot the observed temperature, and at the pressure, whats
ever il may be, of the miboriul medium in space.  The
speeifie heat, themefore, of the mediom in the so-called
vacayim will be equal to that of the same volume of any
other gas at the same tompemture and pressure,  Now, the
purpose for wlich this moleenlar wther iz assumed in these
theorics is to act on bodies by its pressure, and fur this
purpusy the pressure is generally assmed to bo very great,
Uenee, aceording to hese theorics, wo should find the
specific heat of a so-called vacnum very considerable com-
pared with that of o quantity of aiv filling the same space,

We liave now made a eortain definibe amount of progress
{owards o complete molecular theory of gases, We know
the mean velocity of tho molecnlea of cach gns n metees
per second, and we know the relative mnsses of the molecules
of different gases.  We also know that the melecules of
one and the swme gue ave oll equal in mass.  For if they

% Bep Guatav ansemann, e Atsne wod dhre Bowegtngen, 1871
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ere not; the method of dialvsls, as emploved by Gralam,
would enable us to ssparate the molecules of smaller moss
from those of sreater, as they would stream throwgh porous
substanees with greater velocity., We should thus be able
to separate a gas, say hydrogen, inta two portions, having
different densities and other physical properties, different
combining weights, and probubly different chomical pro-
portics of other kimls. As no chemist hez yet obtained
gpecimena of hyidrogen differing in this woy from other
specimens, we coneluda that all the molecules of hydrogen
aru of sensibly the same mass, and not mercly that their
e hiass i3 o statistieal constant of great atability.

Dint a3 yet we bave not considered the phenomena which
enablo us to form an estimate of the actual mass and
dimensions of o molecule. Tt i3 to Clausins that we owe
the first definite conception of the free path of a molecule
audl of the mean distance travelled by a molesule bebween
snccessive encounters.  He showed that the number of
encountars of o moleenls in a given time iz propartional to
the velocity, to the number of melecules in unit of volume,
atil to the square of the distanee between the centres of
two inolecules when they act on one another 50 os to have
an-epeounter.  From this it appears that if we enll this
diztance of the contres the dimeter of a molecnle, and the
vodwine of & sphere having this diaroeter the volume of a
moleenle, and the sum of the volumes of all the maoleeules
the molecolar volume of the gas, then the diameter of a
molecnls i3 o certain muliiple of the quantity oltained Ly
diminizhing the free path in the ratio of the moleculir
volume of the gas to the whule volumne of the gns. The
numerical value of this multiple differs stighily, sccording
to the hypothesls we assume about the law of distribution
of welgeities.r I also depends on the definition of an
encounter. When the moleculez are regarded 2s elastic
sphiores we keow what is mennt by an eneounter, but if
they aet on each other at a distanea by attmctive or repul-
give forces of fOnite magnitude, the distanee of their
eentres verles during an encounter, and is not a definite
quantity. Nevertheless, the alove statement of Clausing
cnnbles us, if wo know the length of the mean path and
the molecnlar volume of a4 gas, to form a teleraaly near
cstimnte of the dinmeter of the sphere of the intense action
of a molecale, and thenee of the number of molecnles in
unit of volume and the actual mass of cach molesuls. To
complede the investigation we have, therefore, to determine
the mepn path and the molecular volume. The first
nurngrical estimate of the mean path of o gaseous molecnle
wos made by the present writer from data derived from the
internal frietion of air, Thore are three phenomena which
depend on the length of the freo path of the molecnles of o
pag. It is evident that the preater the fres path the more
raphlly will the moleeules travel from ome part of the
medinm to another, besnse their direetion will not be so
often altered by enceunters with other molecules, If tha
molceules in different parta of the medium are of different
kinds, thebe progress from one part of the medinm to
another can be ensily traced by apalysing portions of tha
medinm taken from different places. The rate of diffu-
gien thes fonmld furnishes one method of estimating the
length of the free path of a molecule. This kind of
diffusion poes on nat only hetween the molecules of
different gases, but among the molecules of the same gas,
oaly in the latter case the results of the diffusion cannot
be traced by apalysis, DBut the diffusing molecules carry
with them in their free paths the momentum and the energy
which they happen at 4 given instant to have. The
diffusion of momentum tenda to equalise the apparent
motion of different partz of the medinm, and eonstitutes
the phenomenon called the internal feiction or viscosity of
gaees, The diffusion of energy tends to cqualise the
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temperature of different parts of the medinm, and constitutes
the phenomenan of the copduction of heat in gases,

Thesge three phenomena—ithe diffusion of matter, of
motion, and of heat in pases—have been expecimentally
investignted,—the diffusion of wmatter by Graham and
Loschmidt, the diffusion of metion by Oscar Meyer and
Clerk Maxwell, and thab of Leat by Stefan,

These three kinds of experiments give results which in
the present imperfeet state of the theory and the extremo
difficulty of the experiments, especially those on the con-
duetion of heat, may be regarded as tolezably consistest
with each other. At the pressure of our atmosphere, and
at the temperature of melting ice, the mean path of a
molecule of hydrogen s about the 10,000tk of & malli-
metre, or abent the fifth part of o wavelength of proen Hght,
The mean path of the molecules of other gazes iz shorter
than that of hydrozen,

The determination of the melecelar volume of a pas is
subject a3 yet to considerzble wneertainty., The most
olwvious method s that of compressing the ges till it
assumes the liguid form.  Ttseems probable, from the preat
registance of liguids to compression, that their molecales
are ot about the zame distanee from ench uther as that at
which two molecules of the same substanee in the gaseous
furm pet on each other during an cncounter,  If thisis the
ease, the molecalar volume of a gos i3 somewhat less than
the velume of the liguid into which it would be condensed
by pressure, or, in other words, the density of the molecules
is somewhat greater than that of the liguid.

Now, we know the relative weights of different molecules
with great aceuracy, and, from o kpowledge of the mean
path, we ean ealewlnte their relotive dinmeters approxi-
mately. IFrom these we can deduce the relative densitics
uof diferent Kinds of molecules.  The velative densities so
calenlated have been compared by Lorenz Meyer with the
observed densities of the liguids into which the gases may
be condensed, and he finds a remarkeble correspondence
between them. There is considerable doubt, however, os
to the relation between the molecules of a lignid and those
of its vapour, so that till o larger number of comparisons
have beon made, we must net place too much reliance on
the ealenlated deneities of moleoules.  Another, and perliapa
a more refined, method i3 that adepted by M, Van der
Whaals, who deduces the molecolar volume from the devia-
tions of the pressure from Boyle's law as the gas i com-
pressed,

The fivst numerieal estimate of the dizmeter of a molecule
was that made by Loschmidt in 1865 from the mean path
and the molecular volume.  Independently of him and of
each other, Mr Stoney, in 1868, and Sir W. Thomson, in
1870, pullished results of o similar kind—those of Thomson
being deduced not only in this way, but from considemtions
derived from the thickness of senp bubbles, and from the
electric action between zing gnd eopper.

The dizmeter and the masa of a molecule, aa catimated
by these methods, ave, of eourse, very small, but by no
means infinitely so, About two millions of molecules of
hydromen in a row wonld acenpy o millimetre, and about
two hundred million millicn million of themw would weigh
o milligramme. These mumbers must: be considered as
exceedingly rough puesses ; they must be corrected by more
extensive and accurate experiments as science advanoes;
bot the main resuit, which appears to be well established,
iz that the determination of the mass of o molecule is o
legitimate object of seientitic research, and that this moss
is by no means immensurably small

Loschmidt illustrates these molecular messurements by
a eomparison with the smatlest mogmitudes visible by means
of o microscope.  Nobert, he tells us, can draw 4000 lines

in the breadth of a millimetre. The[ir[ltermlz between
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thesa lines ean bo observed with o good microscope. A
cube, whose side is the $000th of & millimetre, mey be taken
ag the mieiveam eisibils for obsorvers of the present day,
Sueh o cube would conlain from GO to 100 million moleeules
of oxygen or of nitrogen; but since the molecnles of
organised substances contain on an average about 60 of the
mare clamentary ntoms, we inoy asseme that the smallest
organised particle visible wnder the mieroscope containg
about two milllen melecoles of organic watter. At least
balf of every living orginism congiste of waler, 56 thab tho
gmallest living being visible under the microscope doos not
eontain more than about o million organic moleenles: Some
exceedingly simple organism may be suppesed built up of
nit more than o million siwilar maolecnles, It is impossible,
liowever, to conceive so small o unwmber sufiicient to form
o heing furmished with o whole system of apecialised
oTgATA.

"Iits molecnlar selence sotz us foce to facs with physiolo-
gicﬂj theortea, Tt forbidas the plysiclogise from i;uugiuiug

that atrmetural details of infinitely small dimensions can |

furnizh on explanotiun of the infinite voriety which exisis
in the propertios ad fusctivas of the most minute organ-
Iems,

A mieroscopic germ is, we know, capable of development
into & highly organised animal Another germ, equally
microscopic, beeoios, when developed, an animal of n
totally different kind, Do all the differences, infinita in
nnmber, which distinguish the one animal from the other,
arise cach from some difference in the strocture of the
regpective merinsd  Even if we adinit this as pesaible, we
shall Do ealled apon by the advocates of Pangonesis to
atmil still greater marvels,  For the mierpscopie gem,
acconding to this theory, 15 no mere individual, but 8 repre-
sentative body, centaining members collectad from overy
rank of the long-lrawn manification of the aneesteal tree,
the number of thuse mombers being mnply sofficient not
anly to furnish the hereditary chameteristics of every vrgnn
of tha bedy and every halit of the animal from Lirth to
death, but alse to afford o stoelk of latent gommules to Le
poszed o in an Iinpetive stabe from geoo to perm, Gll st
lost the ancestral pecnlinrity which it reprezents iz revived
in somo reluote descendant.

Some of the exponents of this theory of heeedity hiave
attempted to slnde the difficalty of placing o whole world
of womders within a body so small and so devoid of visible
gtruetiura oz o perm, by using the plose structurcless
germs  Now, one inaterdal svstenn can differ from another
only in the configuration ond motion whieh it los at o
given instant, To explain differcnces of fanction and
development of o germ without assuming differences of
sfructure ia, therefore, to admit that the properties of o gern
are not those of o purely muteriol aystem,

The cvidence nz to the natore and motion of mclecules,
with which we heve litherto lecn occupied, has Leen
degived from experimenis upon snzeons media, the smallest
senaible portion of which contains millions of millions of
molecules,  The constancy and uniformity of the propertios
of the guseons medinm is the direct result of the ineou-
ceivoble irreoularity of the mobien of agitation of its
molceules,  Any eause which eould introduce regularity
into the motion of agication, and marshal the wolecules
into order and wmothod fu their evolutions, might check or
even reverse that fendency to diffusion of matter, motion,
and encrgy, which iz ene of the mosl invanalle phencmena
of natore, and to which Thomson has given the name of
the dissipation of enerzy.

ug, when a scund-wave 13 passing through o mass of

1 Ses F, Calton, “ On Blocd Relationship,” Prec. Boy, Soc,, June
13, 1872,
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air, this motion is of o certain definite type, and if left to
itsclf the whole motion iz passed on to other magses of air,
and the sound-wave passes on, leaving the air belind i
ob rest,  Heat, gn the other hand, never passea out of 2
hot bedy exeept to euter a colder body, zo that the encrgy
oi stund-waves, or any other form of energy which is pro-
pagated 5045 to pass wholly out of one portion of the
medime and into smother, cannot be called beat,

We bave now to tuen our attention te s closs of moleculer
motiong, which are as remarkable for tleir rogalurity as tho
motion of agitation is fov its irregularity,

1t hes beon foumd, by means of the apeetroseope, that
the light ewitted by incnulescent substanees 35 different
aeeurding to their state of condensation, Whea they ame
in an extremely mrefied condition the speetriin- of their
Hght conelsts of a sct of sharply-defined bricht lines.  As

| the sebstanee appreaches a denser condition the spectrum

tenda to Leeotie continuons, cither by the lines Lecoming
bromder and loss defined, or by new linesund bonds appear-
ing between them, till the speetrum of lensth loses all ils
characteristics and becomes identical with thoet of solid
Loakies when raisod o the same temperature,

Henee the vibeating systems, which ave the sourcs of tle
emittod Heht, must be vibeating fn o different monnper in
thesy two cases,  When the spectrum eonsists of o number
of bright lines, the motion of the system must Do cone-
pouided of a copesponding number of tyjies of harmonic
vibetion,

In ovder that a Lrizht line may be sharply defined, the
vibratory motion which produees it mmst be kept up in
pesfectly regular mnmwer for somie hundveds or thomsanis
of vileations: Tf the motion of cach of the silealiogz
bodics is kept up ooly durdngza smnll number of vibirotions,
thon, however reoalur may bie the vibirations of cacl hedy
while it Iaztz, the resultnt dieturbanes of the Timiniferons
medimn, when anabysed Ly the prism, will be fonmd Lo
contain, besides the part due te the peuulsr vilostions,
other mctions, depending on the starting wed stopping o
cach particalar vibenting body, which will beeowe wanifost
nz o diffesed minesity scattored over the whole length of
the speetrum. A spectrum of bright lincs, therefore,
indizates that the vilmating bodies when 2ot in motion sre
allowed to vibrate in accordapee with the conditiona of
theiv internal strocture for some tioe befure thoy are azain
inturferad with by external forees.

It apprears, thevetore, o spectroscoyde evidonee thut
cach wolecule of & rarefied s is, during the greater part
of itz existence, at such o distauee from all oiher molecules
that it cxeentesita vibraticns Bnoan undisturbod and reculae
manoer,  This is the same conelusion to which weo were
led by eonsiderntions of another kind at p. 30

We may themfore regard the bright Hoes o the spestrum
of a gazas the result of the vibrations executod by the
moloenles while i]l.;.-:-cril-ing thor free ]Jaﬂls. When two
woleenlez zeparate from cne another after an cncounter,
cach of them s in o state of ~vibration, arising from the
unequal netion po different parts of the sane meleenlo
during the enconnter, Teneo, thougl the comdre of mass
of the moleenle describing its free path moves with upifons
veloeity, the parts of the molecule have o viliratory imotion
with respect to the centre of mass of the whole moleenls,
and it i3 the distorbance of the hueiniferous wedivm com-
wunieated to it by the vilenting molecules which constitutes
the emitted light.

We may compare the silrating molecnle to o bell
When struek, the Lell is set in metion. This moticn is
componnded of barmonic vibrations of many diffcrene
perieds, each of which aets on the air, ucing notes of
as mupy different pitches,  As the bell eominunieates its
motion to the air, these vibrations necessarily deeay, somy
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of them faster than others, =o that the sound containa fewer
and fewer notes, till at lnst it is reduced o the fundamental
note of the bell.! If we suppose that there are o great
many bells precisely similar to exch other, and that they
are struck, first one and then anmother, in a perfectly
irregular manner, yet so that, on an averame, as many
biells are struele in cne second of time as in another, and
also in such a way that, on an sverage, any one bell iz not
agnin struck till it Las ceased to vilbrate, then the audible
result will appear a confinuous spund, compozed of the
sound emitted by bells in all states of vibration, from the
clane of the actual stroke to the final hum of the dying
fundamental tone,

Hot now let the number of bells be reduesd while the
samn namber of strokes are given in o seeond.  Each Lell
will now Le strock before it has eensed to vibrate, so that
in the resulting soand there will be less of the fundamental
tone and more of the oririnal elang, till ad last, when the
peal is reduced to one Liell, on which inounerable hanmers
are continually plyine their strokes all out of time, the
sound will become o mere noisa, in which no musical note
can be distinguished.

In the case of a gns we bave an immense number of
molezules, each of which s set in vibeation when it
encounters another molecnle, and continnes fo vibeate as
it deseribes its free patl.  The meleeale s a material
aystem, thz parts of wlhich are connected in gome definite
way, and from ihe fact thot the bright lines of the
emitted light have always the same wave-lengths, we learn
that the vibrutions corresponding to these lines are alwnys
executed in the same periodic time, anil therefore the foree
tending to rostare any part of the molecule to its position
of equilibrinm in the melecule nust be proportional to it
displacement relative to that position.

From the mathematical theory of the motion of such a
systotn, 16 appears that the 'l'i'hl:"ff wmotion may be analysed
into the following parts, which may be considered each
independently of the others;—In the first place, the centre
of masa of the syetem moves with nniform velocity in a
gtraight line, This velocity may have any value, In the
geeonyd place, there may be o motion of rotation, the angular
moementum of the system abeut its centre of moss romain-
ing during the free path constant in magnitude and direc-
tion, Thiz angelsr momentom may have apy valos
whatever, and ita axis may have nny direclion, In the
third place, the remainder of the motion i3 wmade up of a
number of component motions, each of which i2 an
barmenic vibration of o piven type. In #ach type of
wibration the periodic time of vibration 5 determined by
the nature of the systoem, and iz invarisble for the same
system.  The velative amount of motion in different parts
of the system is also determinate fur each typs, but tho
absolote amount of motion and the phasze of the vibration
of eazh type are determined by the partienlar cirenmstanees
of the last encounter, and may vary in any mauner from
ozt eneovnter to another

The values of the periodic times of the different types of
vibration are given by the rocts of a certnin equation, the
form of which depends on the natore of the conneetions of
the system.  In certaine exceptionally simple casca, as, for

inatanee, in that of 2 wniform string stretehed Letween two |

fixed pointz, the roots of the equation are conmected by
simple arithmetienl relotions, and if the internal structure
of 3 molecule had an anslogous kind of simplicity, we
might expect to find in the spectrum of the molecule a

Y Part of tke enengy of motion is, in the case of the hell, dissipated
in the substance of the betd i victue af the viscosily of the metal, and
assumes the form of hest, but it 5 not aecdizary, for {be parposs
of Mustration, o loke this case of the decay of vibrations lnto
aecpuht,
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geries of bright lines, wheose wavelengths are in simpls
arithmetical ratios

Tt if we E.t‘E}'rI!ITEE the molecule to beconstituted aecord-
ing to some differsnt type, ss for instance, if it is an
clastie aphere, or if it conaists of a fnite nuiber of atoms
kept in their places by attractive and repulaive forees, the
roots of the equation will not be connected with each other
by any stmple relations, but eacl may be made to vory
independently of the others by a saitoble change of the
connections of the system. Mence, we have no right o
expect any definite numerical relations among the wave-
lengtha of the bright lines of a gas.

ke bright lines of the spectrum of an ineandescent gas

are therefore due to the harmonie vibrations of the mols
eules of the gas during their free patha.  The only effect
of the motion of the centre of moss of the moleeuls is to
alter the time of vibraticn of the light as received by a
stotionary cbserver. When the molecule is coming towards
the obeorver, each siccassive impulse will have a shorter
distance to travel before it renches his ove, and therefore
the impulses will appear to sueeced cach ather more rapidly
than if the Illﬂ]ﬁﬂ‘ﬂﬁ‘, were at rest, and the contrary will be
the case if the molecule s receding from the observer
The bright line corresponding to the vileation will there-
fore be shifted in the speetrom towards the bloe end when
tha moleculo is approaching, and towarda the red end when
it ia receding from {he observer. By observations of the
displacement of eertain lines in the spestrom, Dir Hozpins
ond others hove measnred the rate of approach or of
recession of certain stars with respect 1o the earth, and Mr
Lockyer has determined the rate of motion of ternadocs in
the sun.  But Lord Rayleigh has painted out that accerd-
ing to the dyoamies]l thoory of gases the molecules are
moving hither and thither with 2o great velocity that,
lowever narrow and sharply-defined any bright lice due to
a single moleculs may be, the displacement of the ling
towards the blue by the appronching molecules, and
towards the red by the meeeding molecules, will prodece a
eartain mnonait of widening and blursing of the line in the
spectrum, o that there iz a limit to the sharpnesa of do-
finition of the lines of a pas. The widening of the lines
dre to this cawse will be in proportion to the velocity of
agitation of the molecules; It will be greatest for the
molocules of smallest mass, ae those of hydrogen, and it will
inercaze with the tomperature.  Hence the measurement
of the breadth of the hydrogen lines soel as Cor Fin
the zpectrum of the solar prominences, moy fumish
evidence thot the temperature of the sun cannot exceed a
certain value,

O% THE THEORY OF VORTEX AToMa3,

The' equations which form the foundations of the
mathematical theory of Buid metion were folly laid dewn
by Logrange and the greut mathemeticians of the end of
last century, bot the number of solutions of enses of finid
motion which hind been actoally worked out remained very
small, and almost all of these belonged to o partienlar typo
of fluid motion, which has been since nuned the irrotes
tional type. Tt bad been shown, indeed, by Lagrange,
that o perfect fuid, if its motion is at any tme irrotational,
will continue in ol time ecming to move in an irrotational

| manner, so that, by sseuming thot the fluid was at one

' the first place, it 33 o material sohstance,

time at rest, the caleutation of its subsequent motion may
be very much simplificd.

It was resecved for Tlelmholiz to point out the very
remarkable properties of rotational motion in a homo-
geneons incompressible fluid deveid of all yisecsily, We
must first defing the physical propertics of such o fluid, In
Tts motion is
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continuouns in space and time, and if we follow any portion
of it as it moves, the mass of that portion remains invart-
able. These propertics it shares with all material sub-
stances, In the next plaee, il i incompressible. The
form of o givon portion of tho fluid may change, but its
volume remains invoriable ; in other wonds, the density of
the fuid remnains the same doring its molion, Besides this,
the fuid is hotnogeneons, or the density of all parts of the
fluid is the same. It iz also continuons, so that the mass
of the fluid contained within any closed surface iz alwars
eractly proportional to the wolume contained within that
gurface. This is equivelent to asserting that the fluid js
not made up of moleeules ; for, i1 it wore, the mase wonld
vary in o discontinnons manner az the volome inercoses
continuoasly, becanze first one apd then another melzcule
would be fnsluded within the clesed surface.. Lastly, it is
o perfact fluid, or, in other wonds, the stress between one
particn and o contiguous portion is alvays normal to the
sarface whicli separntes theso portions, and this whoether
the fluid ia at rest or in motion.

We lLisve seen that in o molecular fluid the interdiffusion
of the moleenles eavses an interdiffasion of metion of
different parts of the finid; so that the action between
eonticnons parts is no longer normal but in a direction
tending to diminish their relative moticn, IMenee the
pefeet Aoid ennnot be molesnlar.

All that iz mecessary in order to form o correct mathe-
matieal theory of o mntorial system 2 thot its propertios
shall bo chearly defined nad shall be congistent with oach
other. This is essentinl ; but whether & substance having
sucl propertics actually exists is o guestion which eomes to
b conaidered only when wo prapose to make some practi-
cal applieation of the results of tho mathemntical theory,
The properties of our perfect ligoid are clearly dafinod and
conzistent with ench opiber, and from the mathematieal
theory wa can deduce renwrkable results, some of which

may ba illustented in o rough way by mesns of fluida |

which arz by no weans perfect in the sense of not being
viscous, sach, for ingtanee, a2 aiv and water,

The metion of o fAuid is zaid to be irrotational when it
i3 such that if a spherieal portion of the fAnil were sad-
ﬂunly solidified, 2l solid HEI!Juru o Tormed wonld not be
rotating about any axis.  Wheo the wmetivn of the duid is
robational the axis and angular veloeity of the rotation of
any small part of the fiuid are those of a small splicrieal
pertion suddonly anlidifiod.

The mathemntical expression of these definitions iz aa
follows:—Lat w, v, w be the components of the velocity of
the fluid at the point {r, 4, 2), and lec
e _dw du _ oy de 1
& ey e W
then o, [3; v are the components of the veloeity of rotation
of the Ill:lltv_{ at tha point (&, ¥ 2).  The axiz of rotation
is in the direction of the resultant of e, 8, and +, and
the velocity of rotation, w, i3 measured by this resultant
; A line drawn in the flnid, so that al every point of the

ina

=

l e 1.dp 1 d 1 o
w e Fle s W (=h

where s is the length of the line up to the point =, v, ¢, is
ealled o vortox line,  Is divecticn eoincides at every point
with that of the axis of rotation of the fluid.

We may now prove the theorem of Helmbolts, that the
points of the fluld which at any instant lie in the same
vortex line continne to lie in the same vortex line during
the whole metion of the {lnid

‘The equations of motion of a fAluid are of the fonn

i dp dy
Pﬁ'i‘;,iﬂ}d;“ﬂ oo (B

O M

when p i3 the density, which in the ease of our homogens
ous incompressible fluid we may assume to be unity, the

3 ot
cperator =5 represents the rate of variation of the symbel to

which it is prefized at a point which is earricd forward
with the fAluid, so that

it

a du ] i
Y o
H.y

TR T %o
7 is the pressire, and V is the potential of external forees,
There are twa other equatious of similar form in g and =
Differentinting the equation in g with respect to 2, and
that in = with respeet to g, and subtracting the second from
the first, wo finid
i i d dwe i
e T Tl R (3}
Perfurming the differeutiotions and rewomboring oqua-
tions (1) and also-the condition of incompressibility,

die e dmw
b el ()
we find
i & il il =
Tl P dy = ¥ il (7).

Now, lot w5 suppoge @ vortex line dmwn i the fuid s
as always to begin at the same particls of the flud.  The
eomponents of the veloeity of this point ore &, @, . Lot
ns find thoee of o point oo the moving vortex line at o
distanee os from this peint where

III' = Uf'lﬂ' " (E“':I,
The co-ordinates of this point are
-t adiry g Blo a4 ple . {1,
and: the components of its velovity are
u 4 E:Jcl—u!'u:a' i Fj!fu' , W -t-r:?rfd {iﬂ:l.
il ol u!

Consider tha first of these componcnts
cquation (7) we may writo it

In virtue of

du ila frits
H+Emfu+rwﬁdu+--:-'yr:’:r e
or
di e dw iy il o= A
H‘I‘-EIE d_yr.’T("ru—_FE;{;&a— ti..:h
ar
T
— i e s
o da (13).

But this represents the value of the component « of the
veloeaty of the fuwil jtsell at the same point, and the same
thing may be proved of the other components,
Menee the veloeity of the seeond point on the vortex line
15 identical with that of the fluid ot that point.  In other
words, the vertex liue swims olong with the fluid, and is
alwnys formed of the snme row of fluid particles. The
vortex line is therefore no mere mathematical sy nchal, but
bas o physizal existenee continuous in time and space,
Ly shfforentiating oquations (1) with respect to «, 3, and
z reapectively, and adding the results, wo obtain the equa-
tlon—
n:?ne r.'__‘. rij
dL+Jy+J:."'I] s {14},

This iz an cquation of the same form with (8), which
oxpresteg the condition of flow of a Auid of invarisble
density. Henee, if we imagine a fluid, quite independent
of the original fluid, whose components of velocity are o,
B 7, \his imaginary fluid will flow without altering ita
density.

an}r_, consider ¢ eclosed eurve in space, and leb vortox
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lines be drawn in both directions from every point of this
corve. These vortex lines will form o tubular sorface,
which is ealled a vortex tube or a vortex filament. Since
the imaginary fluid flows along the vorlex lines without
change of density, the quontity which in unit of time
tlows through any section of the sawe vortex tube must he
the same.  Honce, at any section of o vortex tube the
product of the aren of the sectron into the mean velocity of
rotation i3 the same, This quantity is called the stremgth
of the vortex tube,

A vurtex tube cannot begin or end within the fluid ; for,
if it did, the imaginary fluid, whoze velocity components
arc a, 3, v, would be generated from nothing at the begin-
ning of i;{e tube, and redvesd to nothing at the end of it
Hence, if the tube has 2 beginning and an end, they mnst
lic on the sarface of the fluid masa, I the Auid is mbnite
the wortex tube must be inHuite, or else it nust retum
into itself,

We have thus arrived of the following remarkable
theoremns relating to a finite vortex tobe in an infinite
tluid ;—(1.] It returns into itself, forming o elosed ring
We may therefore describe it as a vortex ping. (2. 1t
nhways consists of the same portion of the floid. Hence
its volume is invacigble.  (3.) Dts strength remains always
the same. Hence the velocity of rofaiton et any section

varies fuversely a4 the arca of that section, and that of any |

sggrment varies directly as the length of that sepmment, (1)
No port of the floid which is not criminally in a state of
rotational motion cen ever enger into that state, and no part
of the Auid whosz wotion is rotational can ever cease fo mave
rotationaliy. (3.} No vortex tube can ever pass through
nuy other vortex tube, or throngh any of its own convolo-
tioris. Hence, i two vortex tubes aro linked together,
they ean never be soparated, and if & single vortex tube is
Enottod on itself, it ean never beecome untied.  (6.) The
motion at any inztant of cvery part of the fluid, including
the vortex rings themselves, may be ncourately represented
by conceiving an electric current to occupy the place of
ench vortex Ting, the strength of the curent being pro-
purtional to that of the ring.  The magnetic foree at any
point of space will then represeat in direction and magui-
tude the veloeity of the fluid at the corresponding point of
the fAuid,

These properties of voriex rings sugrested to Sir William
Thomson' the possibility of founding on them a new form
of the atomic theory. The conditiops which must be
satisfied by an atom are—permanence in magnitude, capa-
bility of internal motion or wvibration, and a suffieient
nipount of pozsible charmeteristies to account for the differ-
ence between atoms of different kinds,

The small hard body imagined by Lueretius, and adopted
Ly Newton, wos invented for the express purposs of ac
eounting for the permanence of the properties of bodies,
But it fails to account for the vibrations of o molecule as
rovealed by the spectroscope. We may indeed suppose
the atom elastic, but this s to endow it with the very pro-
perty for the explanation of which, as exlibited in agere-
gate bodies, the afomic constitntion was originally assumed,
'T'he mossive contres of force imagined Ly Doscovich may
have mere to recommend them to the mathematician, who
bas o scruple in suppozing them to be invested with the
power of attracting and repelling aeccording 1o any law of
the distance which it may please bhim to assion
centres of foree are no doubt in their own hature indivisible,
Lut then they are als, singly, incapable of vibration, To
obtein vibrations we must imagine molecules consisting of
many such centres, but, in 56 doing, the posaibilicy of thess
centres being separated altogether is again introduced,

! "0n Vorter Atoms," Proc. Rop. See. Edin,, 16tk Febraary 1867,
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Besides, it is in questionable selentifie taste, after using
atoms s0 freely to pet rid of forees acting af sensible dis-
tances, o make the whele function of the atoms an netion
at insensible distancea e

On the other hand, the wvortex sing of Ifelmholtr,
imagined as the true form of Lhe atoms by Thomson, satisfes
mere of the conditions than any atom hitherto smagined,
In the fiest place, i is quantitatively permanent, as regards
itz volume and ita strength,—two independent quantities,
It i3 also gualitazivcly permanent az regards its degree of
implication, whether “knottedness™ on itself or “linked-
nass' with other vortex ringe. At the same time, it s
capable of infinite changes of form, and may execute
vibrations of differont periods, as we know that molecules
do.  And the number of cssentially different implications
of vortex rings may be very great withoul suppeaing the
degree of implication of any of them very high.

But the greateat recommendation of this theory, from a
philosophical point of view, ie that its success in explaining
phenamena does not depend cn the ngenuity with which
its contrivers ¥ suve appearances,” by introducing first cne
Lhypotheticnl foree and then ancther. When the vortex
atom is once get in motion, all its propertica are absolutely
fized and determined by the laws of molion of the primitive

{ Huid, which are fullyexpressed in the fundamental equations.

The dizeiple of Lueretins may cot and earve his solid
atoms in the hope of getting them to combine into worlds ;
the follower of Boseovich may imagine now laws of force to
mest the requirements of ench new phonomenon ; but he
who dares to plant his fect in the patk oponed up by
Hebmholtz and Thomzon lias mo such resonrees,  His
primitive fluid hos no cther properties than inertia, invari-
able density, and perfect mobility, and the method by which
the motion of this fluid is to be traged is pure mathematical
anglysia  The difficultics of this method are enotmous, but
the glory of surmounnting them would be unique.

There seems to be little doubt that an enconnter between
two vortex atoms wonld be in its general character similar
to those which we bave alrendy deseribed,  Tadeed, the
encounter between two smoke rings inoair gives o very
lively illustration of the elasticity of vertex rings,

But ope of the first, if not the very first desicderatum in
& complete theory of matter is to explain—Tfirst, mass, and
zecond, gravitation. To explain mass may seem an absurd
achievement.  We gencrally suppose that itis of the
essence of matter to bo the receptacle of momentum and
encray, and even Thomson, in his definition of his primi-
tive fluid, attcbutes to it tle possession of moss, But
ncmrdhlg to Thowson, thoush the pr]lui[i'r'u fAuid ja the
only troe matter, yeb that which we call matter iz not the
primitive fluid ttself, but a mode of motion of that primi-
tive fuid, Tt iz the mode of motion which conatitutes the
vortex rings, and which furnishes us with examples of that
permanence and continuity of existence which we are
acenstoined to adteibube to matter itself. The primitive
fluid, the only troe matter, eatively eludes our perceptions
when it is not endoed with the mode of motion which
converts certain portionz of it into wortex ings, and 1hus
renders it molecular,

In Thomson's theory, ilerefore, the mass of bodies
requites explanation.  We have to explain the inerlis of

| what is only a2 mode of motion, and inertia is s property of

Such |

matter, not of modes of motion, It is true that o vortex
ring at any given instant lLaos a definite momentum and o
definite enerzy, but to show that bodies built up of vortex
rings wonld have such momentum and energy 21 we know
them to hove i, in the present stite of the theory, & very
difficult task. ’

Ii may séem hard to say of an infont theory thab it is
bound to explain gravitation, Since the time of Newtonm,
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the doctrine of grvitation has been adwitted and ex-
pounded, till it ias graluaily scquired the chameter rather
uof an ultimate faet than of A faet to be explained. )

Tt scemns doubeful whethuer Lucretiug cousiders gravita-
tion to be an essontisl propecty of nmtber, as he scems to
assert in the very remackeble Lines—

4 Wpen &l tantnndem est in ]ulm-é:]ﬂmtrr, rjunntem
Corporls i pluwhba est, tantuudem pendere par est:
Corporls olliciusn est quoniam premu oumnla degrsiom.

= D¢ dterume Nuafwrer, 1, 501,

TF this i the trne apinion of Lucretios, and if the down-
wand flight of the stowa drizes, in bis view, fmm theie own
pravity, it seems very doubilol whether he attribisted the
weight of sensible bodies 1o the impaet of the stoma.
The latter opision i Lot of Le Bage, of Geneva, pro-
pourded i his Lueeriee Newtonden, and in lis Teaus
e Physigre Miconiyor, puliliched; along with 2 sceoud
treatize of lis own, by Vieere Prevost, of Goweva, in
18180 The theory of Le Fupe iz that the pravitation
of bodics towards cach other is camsed Ly the impact of
stroame of atoms fying in all dircetions through space.
These atoms he calis nltruuundane eorpuseules, Lecanae he
conceives thom to come im all direetions from resions far
Leyand that part of the system of the world which is in
auy wny known to ws.  Heeopposcs each of them to be so
small that o eollision with apother nltrmmundone corpas-
eule 1= an event of very rare ocenrrence. It is Ly strikiig
againat the welecoles of gross matter that they dischage
their funetion of drawing bodics towards sech other, A
Lody placed by itsclf in fice space and exposed to tho
impacts of these corpuzeules would be bandisl about Ly
them in -all dircetivns, but beenuss on the whole, it
receives 0 nany Llows on one side a8 on anothor, it eonpot
tharoly sequira cny senszible velocity., Dot i there are
two Lodiea in space, cach of thon will screen the other
Eram 2 certain proportion of the corpuscular bembardment,
ao that a smaller nomber of eorpuscules will =teike either
body on that sido wlhich = noxt the other body, while the
numbir of ul;riluscu]us which stvile it in other divections
remnnine tha some.

Ench baly will therefore Lo urged fowards the other Ly
the effoct of the cxeess of the jmpacts it recelves on the
aide farthest from the other, I we tuko aceount of the
impmcts of these eorpnseules only which eome diveetly from
infivite spoce, oud leve out of eonsidemtion those which
have already strock mondane bodies, it iz casy to colevlate
the result on the twe bodies, supposing thelr dimensions
emall emnpored with: the distanee between them,

Tha foree of attraction would vary direetly s the product
of tho arcos of the scchions of the bedies taken nermnl 1o
the distanee and inversely sy tho squere of the distance
between thetn,

Now, the attraction of rravitation sorizs ng the product
of the sinzees of the bodies Letween which it nets, and
inversely ns the squore of the distance Uetween them.
If, thon, we e imagine o eonstibution of bodies sueh that
the cfcckive arens of the bodies aro propodicnal to thelr
maszses, we shall make the twe laws ceineide.  Iere, thes,
pooing to Lo o poth hading towards an explonation of the
law of grovitotion, whicly, if it can be shown to be in other
respects consistent with facts, mey turn ont to be 4 royal
raud into the very arcana of scienee,

La Sage himsell shows that, in order to make the effop-
tive aren of o body, 31 victoe of whick it acts 15 & screcn
to the streams of ltramundane eorpascules, proportivnal to
the mass of the body, whether the body be karge or small,
wo wnusk admit that the size of the salid atems of the body
is pxaecdingly smoll compared with the distances Lotweon

1 Soe alae Cumstiintion de ls Matifre, e, pas be I8 Lomay, Tarls,
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them, 50 that o very small proportion of the corpuscules
are stopped oven by the densost and larmest bodies, Wa
may picture to oursclves the streams of corpusonles comieg
in every dicection, like light from o usifermly Humineicd
gky. Wo wmny imagine o material body to eonsist of a con.
peries of ateins at considerable distances from cach other,
and wo may represcnt this by a swarm of insccts fiying in
the air, To am oleeever ab a distanes this swoem will Lo
vigiblo s & slight dackening of the skyin o certuin querter,
This darkonicg will represent the sceton of the motericl
body in stopping the flight of the corpuscules. Now, if4l
proportion of light stopped by the swano is very small, twu
sach swaring will stop weady the samg amount of Hght,
whether they are in & line with the eye or nut, Luk if et
of them stops an appreciable proportion of light, there will
not be so much left to be stopped Ty the otler, and tha
cifect of two swarms in a luo with the eve will Lo lesa
than the suim af the twe efflvcels separately.

Now, we lnow thet the effect of the attraction of thesun
andc earth on the moon 33 not appreciably different wlhen
tho moon is eclipsed than on other veeasions when full
moon pecuss without anoeelipse,  'Whis shows thei the
nuwimber uf the corpusculas which are stopped Ly budie of
thio size s mnss of the eortl, and even the sen, 42 very
stmall comparsd with the wawber which puoss straighs
througl the earth or the sun without striliog a single
woleenle,  To the sirewms of corpuscnles the earth and tha
sun are mere systens of atowss scattercd in space, which
presant far mwre opobings thon cbetacles to their rectilinear
tliglit.

Such Is the ingenious doctrine of Fe Sage, Ly which le
cudeavours to expuain wniversal gravitotion, Let us try to
form somie estimate of this eontinual bombardment of
ultrnmundane eorpnseules which 35 Leing keph up on oll
sides of va.

Wa have scon that the sun stops Lot o very small free-
tion of the eorpusenlcs which onter 3. The eanili, Licing a
smaller Lody, stope o still smaller peaportion of tho,
The proportion of those which sre slopped by o small
Liody, say = 1 b shot, most o smpller still in on envrmons
dugros, bosause its thickndss is excuodivgly small comparel
witl that of the carth,

Now, the weight of the ball, or its tendeney towards the
earth, i= produced, according to this theory, Ly the exeuss
of the jwpacts of the corpuseales which come from abwve
gver the impacks of thoae which eome from Dbelow, and
Liave passed throngh the earth Tithor of these quantitics
is an exeoodingly small fraction of tho mementuin uf the
whole number of corpuscules which pass through the: Lol
in 2 second, ansd their ditfercoce 12 o small fraction of
cither, and yot it is equivalent tu tlie weight of o pound,
The velocily of the corpuscubes must bo enormously groater
than that of any of the heavenly bodies, otherwise, as moy
casily be shown, they woull seb as a resisting medium
opposig the motion of the planets,  Now, the oncigy of o
moving aystem is ndf the praduct of ia memanton infe it
velocity,  Hemee the energy of the covpuscules, which Ly
their impnets on the boll during sne second uree it towards
the earth, must be o number of foot-peunds equal to the
numlrer of feot over whick a corpuseule travels in o secoud,
that iz to say, not less than thowsaonds of millions. Dut
tlus s ouly a sunll fraction of the emrgy of all the impacta
which the atoms of the ball receive from the innumerable
streams of eorpuseules whish 2]l upon it in all dicections.

Hence the rate at which the enorgy of the corpuscules
is spent in order to maintain the gravitating property of a
sitigle pound, is at least millions of millions of foot-pounds
pet second.

What becames ¢f this enormous quantity of energy ! If
the corpuscules, after striking the atows, fly off with a
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velocity equal to that wlich they had before, they will
earry their eneroy awny with them into the nltranmndaus
repiong.  Dut if this be the case, thea the ecrpusenla:
rehounding from the body in auy given direetion will be
Loth in uwumber and in velosity exaetly equivolent to those
whicl are prevented from proeceding in that direction by
Leing defleeted by the body, and it way be shown that this
will L the case whatever Be the shapa of the bady, and
however many bodies way bo prosent io the field, Thus, the
rebonnding corpuzeoles exactly make up for those which
are deflostéd Ly the body, ‘apd there will be no excess of
flio dmpacts on any other hody in one diceetion or another,

Tho explenation of pravitation, therofore, falls to tho
eronnd if the corpnscales ara like perfectly clastic spheres,
aud rebound with o velocity of =oparation eqnal to that of
appreach,  If, onm the other hand, they rebound with a
smaller velocity, the cifvet of attroction between the bodies
will no dunbt be produced, but then we have to find what
beecomes of the encrgy which the molecules have brousht
with them but bave uob earried away.

1 any apprecichle fraction of this enerzy is commmicated
to the Loy in the form of heat, the amount of Lext so
rencrated would in s fuw sccouds raise af, and in like
manner the whole material universe, to a white heat,

It has been supeected Ly 8Sir W Thomson that the
eorpuseules: way beoso construebed do to esrry off their
gncrey with thew, provided that part of their kinetic gnergy
J2 transfopmed, during impact, from zoergy of tronslation
tu energy of rotation or vibeation. For this purpose the
corpuseales ek bo anaterial systems nob mere poings
Thumson zusrsts that they are vortes atonis; which are
eot into 2 stale of vibmtion st fmpeet, amad go off with o
smnller velocity of transletion, but ina sfats of violent
vibrazion.. Ho has also sogpeested the possibility of the
vorbes corpuscitle regaining its swiftness and losing part
of its vibratory agitation by communemcn with ita kindrad
earpuzenles in infinito =poce,

Ve have devoted more space to this theory than it secms
t3 deserve, becanze 18 13 Inzeniows, and becouse it iz the
eily theary of the canss of gravitation which has Leen so
fue daveloped ss to Lo capoble of being sttacked and
defended. Tt does not appear to us that it can account for
the temperntore of bodies remaining modarate while their
atoms irs exposed to the bombardmest.  The temperatare
of bodigs must tend to approach that at which the average
kinctic energy of o molecule of the boidy would be equal to
the avernge kinetie ereray of an ultmmundane corpuseuls,

N, suppose a plane surface to exist whieh siops alf the
corpussules,  The pressure on this plane will be ps N Mx®
wwhere M iz the mass of a dorpuscule, N the pumber in
unit of volume, pod w its velocity normal to the plaoe
Now, we know thot the very greatest pressure. existing in
the vuiverse must be much less thon the pressues p, which
world Le exeried sminst a lx:d}r which stops all the
corpuscnles,  We are also tolerably cortain that X, the
number of corpuseules which are at eny one tims within
wnit of volumne, s small compared with the volwe of N for
the molecules of ordinary Lodies. MHence, Ma® must be
enormons. compared with the edrresponding guantity for
crclinary bodies, and il follows that the impaet of the
corpuscules would raise all Lodics to an enormens temypers
ture,  We may alao observe thot sccording to this theery
the habitable universe, which we are aceustomed to regard
a2 tha seene of a mognificant ilustration of the conservation
af eneroy as the fundamental prineiple of all nature, is in
reality waintained in working order enly by an enormous
expenditure of external peower, which would be nothing
less than ruinous if the supply were drawn from anywhers
clse than from the infinitnde of spoce, and which, if the
contrivances of the most eminent mathematiclans should be
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fpund In auy respect defective, mizhit al any moment tear
ihe whole universe atom from atom,

We must new leave these spoenlations about the natura
of meleeules and the eause of gravitotion, and contemplate
the material universe o mode up of melecalss.  Every
melectle, 20 far as we know, belougs to one of o debnite
number of species.  The list of chemical eloments may be
taken as representing the known apecies which hava been
gxamined in the laboratories. Saveral of these have Leen
discovered by means of the spectroseops, and more may
¥eot remain to be discovered in the same way. The spec-
troseope has also been applied to analyse tho light of the
eun, tho brighter stars, and spme of the nebule and cometa,
oud has shown that the character of the light emitted by
these bodics iz similar in some cases to that emitted by
terrestrial molecules, and in others to light from which the
moleculus have absorbed certain rays. In this way o
considerable number of coingidences liave been traced
between the syatema of liwes belonging lo particulur
terpestrinl substanees apd corresponding lines in the spectra
of the heavenly bodies,

The valoe of the evidones furniched by such colucidonces
may be estimated by coneidering the degres of pecuracy
with which one sueh coiveidencs may be ehserved. The
ioterval between the two lines which forin Fraunhofer's
lina T is aboui the five Lhundredth part of the intesval
between B oand G on Kirchhofs seale. A disecrdance
botwoen tha positions of two lines gmonntivg to the tenth
part of this Interval, thut 35 to say, the five thousandth
part of the lonoth of the beight part of the spectram,
wonld be very pereeptible in o epectroseops of modemts
power. We may deline the power of the spectroscope to
be the number of times which the smallest measurohle
interval is contained 1o the length of the visible spectruum.
Let us denote this by p.  In the case we have supposed 3
will be abont 5000

If the spectrum of the sua contnins n lines of a certain
degree of intensity, the probakility that any one line of the
gpectriem of a gos will coincids with one of these » lines is

1 nd. n—11
1-(1 —F)-:-Plk[- T +qir:.)J

and when p i3 large compared with n, this becomos

# S
nearly =, If there are + lines in the spectrum of the

pag, thoe probabilicy thot eoch and every one shall coineide
with @ line in the solar gpeelrum iz approximaotely %:

Heneo, in the ense of o gaswhose speetrum eontaing several
lines, we bave to compare the results of two hypotheses,
[f o Iarge smount of the pasexists in the sun, we hove the
strongest reason for expecting to fud oll the r lines in the
solar spectrome I it does not exist, the probalbility that
v lines out of the % observed lines elisll coincide with tha
lines of the gas is excoedingly small.  If, then, we find oll
the o lines in thoir proper places in the solar spectrum, wo
have very strong prounds for bolieving that the gns exists
in tho sun,  The probability that the gns exisis in the san
is greatly strengthened if the character of the lines as to
relative intensity and breadth is found to correspond io
the twao spectr

The ebwencs of one or more lines of the gas in the solar
spectrum tends of conrse to weaken the probability, but
the nmount to be dedusted from ihe prolability mus
dépend on whas we know of the veriation in the relative
intensity of the lines when the temperature aud the pres-
sare of the gas are made to vary, )

Coincidences observed, in the ease of several terrestrisl
substances, with severul systems of lines in the spectra of
the heavenly Lodies, tend to increase the evidenee for the
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doetrine that terrestrisl substanecs exist in the heavenly
bodies, while {he diseovery of particular lines in a eelestial
pectriim which do not eeineide with any line 1a a terres-
trind gpectenn does not much weaken the gencral argument,
but rather indicates elther that w substance exists in the
hesvenly body not yet detectad by chemista on earth, or that

the temperature of the heovenly body is such that some |

substance; undecompozable by our methods, iz there split
up inte components wuknewn to us i theie separate state,

We are thus led to believe that in widely-separated parts
of the visible universe moleenles exist of various kinds, the
molecales of ench kind heving their vadous periods of
vibration either idential, or so nearly identical that our
spectroscopes cannot distinguish thems.  Weo might nrgue
fromy this that these molcenlezs are alike in all other
respects; ag, for justance, in mass. Dot it is suflicient for
pur presont purpose to observe that the same Rind of
maleewle, say that of hydrogen, has the same sot of periods
of vibration, whether we procure the hydrogen from waler,
from coal, or from meteoric iron, and thoat light, having the
sama sot of periods of vibeation, comes to us from the sun,
[rom Sirius, and from Arcturns.

The game kind of reasoning which Ied ns to believe that
hydrogen exists in the sun andstars, also leads us to believe
that liu moleeules of hydrogen in all theze bodies had a
COIRILGN GTigEan, For o mnaterial system tui:l;zblu of vibou-
tion may have for its periods of vibebion any sct of
values whntever. The probability, therefere, that two mate
rial systems, quite independent of each vther, shall have,
to the degree of necusacy of medern spoclroscapic neasure-
ments, the same set of periods of vibration, is 5o veéry small
that we are forced to believe that the two aysttins e not
independent of each other. When, instead of two such
spetems, we have inmomerable wultitudes all having the
pame get of periods, the argument is immensely strengtli-
enedd,

Adwitting, then, that there 32 a real relation between
any two molecnles of hydrogen, lol us congider what this
relation may be.

We may conceive of a nyutual action between one body
and another tending to assimikate them, Two clogls, for
instanee, will keep time with cach other if conneeted Dy o
wooden rod, though they have different rates if they were dis-
connected.  Bat even if the propertics of o molecule were as
capable of modificution s those of aeluck, thereis no pliysical
connection of a sufficient kind between Sirinsand Arcturue.

There are also methods by which 5 large pumber of
bodies differing from ench other may be sorted into sots, g0
that those in each set more or iess resemble ench other
In the menufacturo of pmall shot this is dome by making
the shot roll down an inclined plane,  The largest specimens
acquire the greatest velocities, and are projected farther
than the smaller ones.  Tn this way the various pellets,
which differ both in size and in roundnoss, are sorted into
difforent kinds, those belonging to cach kind being nearly
of the samo gizo, and those which are not tolerably spherionl
being rejected altogether

Ii the molagules wore originally os various as these leaden

ollots, and were afterwards sorted into kinds, we should

ave to necount for the dissppearance of all the molecules
which did zot fall under one of the very limited number
of Linds known to us; and to gel rid of a nember of
indestrnelible bodies, sxcreding by far the number of the
molecules of all the recognised kinds, would be one of the
geverest Inboura ever proposed {oa cosmogonist.

It is well known that living beings may be grouped into
a certain number of species, defined with more orless preci.
sion, and that it is diffieult or impossiblo to find a sories of
individnals forming the links of & continuous chain between
ong species and another, In the case of living beings,

O M

however, the generation of fndividusls i3 always going
on, each individual differivg more or less from its
parents,  Kach individual during its whole life is wnder-
going modification, and it cither survives and propa-
gates ita species, or dies early, necordingly a8 it i3 more
or loss edapted to the cirewmstances of its euvironment.
Henee, it Bas been found possible to frame a theory of

| the distribotion of orpauisme into speeies by means  of

generation, varintion, amd diseriminative destruction. It
a theory of evolution of {lis kind cannot be applied to the
cose of wmolecules, for the individoal moleeules neither arc
born nor die; they have neither porents nor offspring, and
s0 far from being modified by their environmens, we find
that two moleenles of the same kind, say of hydrogen, have
the save propertics, though one has been componnded
with carbon and buried in the carth a3 eoal for unlold
ages, while the other has been * eccluded" in the iren
of n motoorite, and aftor unknown wanderings in the
heavens has at last f)len iote the hamds of sone terrestrial
clemizt,

The process by which the moleoules bocome disteiluled
inte distinet specics is nob one of which we know ony
instances going un at prasent, or of which we have as yet
been able to furm any mental representation.  If we suppuse
that the molecules iu;m‘u to us e bl upoexch of soma
moderte nnmber of otoms, e aloms 'bl_'illlg ol of themn
cxactly alile, then we may attribute the Hmited number of
molecular species to the lmited number of ways in which
the primitive atoms way be combined so oz o form o
permanent systen,

Tut though this hypothiesis getz 1l of the diffieulty of
aecounting for the independent urigin of different spocics
of molecules, it merely transfers the difionlty foom the
lnown moleoules to the primitive atoms.  Ilow did the
atomna cote to be all alike in those propertics whicl ape iy
themselves eapable of assuming ooy value !

If we adopt the theury of Duscovich, and assext that the
primitive alom is a mere eantre of force, having o certain
definite masza, we may get over the difficully about ihe
pquality of the mass of all atoms by laying it down as a
doctrine which earmot Lo disproved by experiment, that
mass is ot o quantity capable of continnous inersase or
diminution, but that 4t i 0 its own nature discontinaonus,
fike number, the atomn being the unit, and all wasses Toing
multiples of that unit.  We have no evidence that it is
peszible for the rotio of two mazses to be on Ineommensir-
sble quantity, for the incommensnmble quantitics in
geometry are supposed to be treed put In p econtinuons
meldinm,  If matter is atomie, nnd therefore discontinuors,
it iz. unfitted for the constroction of perfect prometrical
models, but in other reapects it may fulfil its fonctions,

But even if we adopt a theory which makes the equality
of the mazz of different atomes o reault :]epending on the
nature of mass rather than oo any quantifative adjnsiment,
the correapondence of the perfods of vibation of actual
molecules ie o fact of o different order, :

Wi know that radialions exist having perieds of vibmtion
of every value between those corpesponding to the limits
of the visible spectruom, ond probably far boyond these
limits on both sides, The most powerdul spectroscope cau
deteet 1o gop or discontingity in ihe spectram of die Hght
emitted by incandeseent lime.

The poriod of viteation of a luminous partiele is therefore
noquantity which in f4solf is capable of assuming any oie
of @ series of volues, which, if not mathematically econ-
tinucus, is such that consccutive observed wvalues differ
from each other by less than the ton thousandth part of
either. ‘There is, therefore, nothing in the nature of time
itsell to pravent the period of vibration of 2 melecule from
pasuming any one of many thousand different ohaervable
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valuea, That which deterinines the period of any particnlar
kind of vibration ia the relation which subsists betwern the
eorresponding type of displacement and the foree of restitu-
tion thereby called inte play, a relation involving constants
of spoee aud time a8 well ag of mass,

It iz the equality of these space- and time-constants
for all molecules of the same kind which we hove next to
econsgider, We hove scen that the very different cireum-
staneez in which different moleeules of the zame kind have
beon placad hinve nof, even in the eourse of many ages,
praduced any appreciable differenee in the values of thesa
constantz.  If; then, the warioua processes of nature to
which these moleeules kave been subjected sinee the world
began lave nob been able in all that time to produes any
apprecinble difference between the constants of vne mole-
enle and those of ancther, we are foreed o conelude that it
is not to the operation of any of these processes that the
uniformmity of the constants ia due,

The furmation of the molecule iz thorefore an cvent not
Lelonziug to that order of nature under which we live.
It iz an operotion of o kind which i3 not, so far as we ame
awars, going on on earth or in the sun ar the stars,
either now or since these bodiea began to be formed
It must be referred to the epoch, not of the formation of
the earth or of the selar system, but of the setablishment
of the existing order of nature, and till not only these
worlds and systems but the very crder of natore itself is
dissolved, we bave ne reason Lo expect the cceurrence of
eny operation of o simdlar kind.

In the prezent state of seicnoe, therefore, we have strong
reasons for believing that in o moleenle, or if not in a
moleeule, in one of its component atoms, we have something
which has existed either from eternity or ot least from
times anterior to the existing ordor of nature.  But besides
this atom, there are lmmense numbers of othor atoms of
the same kind, amd the constants of each of theso atoms
are ineapable of adjustment by any process now in action
Eaeh is physically independent of all the othera.

Whether or not the conception of a multitude of beings
cxlsting from all eternity is in itself selfcontmdictory, the
cobeeption becomes palpably absurd when we attriboto o
relation of quantitative enquality to all these beings, Weare
thon forced to look beyond them to some commen canse or
common origin to explain why this singular relation of
m}uaiity exigts, rather than any one of the infinite number
of possible relations of inequality.

Heience is incompetent to reason npon the creation of
matter itself out of nothing.  "We have reached the utmost
limit of onr thinking facalties when we have admitted that,
becauge matter cannot be cternal and self-cxistent, it must
have been created. It is ooly when we contemplate not
matter in itself, but the form in which 1t actually exiats,
that our mind finds something on which it can lay hold.

That matter, a5 such; should have eertain fundamental
properties, that it should have a continaous existence in
gpace and time, that oll action should be between two
portions of matter, and so on, are truths which may, for
anght we know, be of the kind which metaphysicianz call
necessary,  Wo may use our knowledge of such trutha for
purposes of deduction, but we have oo data for speculating
on their origin,

49

But the cjuality of the constants of the melecules is a
fnet of o very daffercnt order, Tt arises from & particalar
digtrnbution of matter, o colfocation, to 0se the expresgion
of Dr Chalmers, of things which we bave no difliculty in
imagining to have becn arranged otherwise, Dut many of
the ordingry instances of collocation are adjustments of
constants, wldeh are not only arliteary in their own nature,
but in which varintions nctually cecer j-and when it is
pointed cut that thess adjustments are beneficial to living
beings, and are therefors instances of benevolent design, it
15 replied thot these variations which ore not conducive to
the growth and meltiplieation of living beings tend to their
deatruction, and to the removal thereby of the evidence of
any adustment not beneficial,

Tha vonstitufion of an atom, howeser, iz such pa to
render it, so far a8 we can judge, independent of all the
dangers arizing from the stengple for existemee,  1lnasible
rensons may, no doubt, be assigned for believing that if the
constants had waried fromn atom te atom through awy
sensible tange, the bodies formed by azgregates of snch
atoms would not have been so wsll fitted for the cunstrue.
tion of the world as the bodics which aciuslly exist.  But
na wo have ne experience of bodies formed of such variable
atoms this must remain o bars conjecture,

Atoms bave been compared by Sir J, Herschel to
manufactured articles, on aceount of their wniformity.
The uniformity of manufactured articles may be traced to
very different motives on the part of the mannfacturer,
In certain cases it is found to be lesa expensive as regands
trouble, as well as cost, to make a great many objecta
exactly alikd than to adapt cacl: to its 2pecial requirements:
Thns, shees for soldicrs are made in large numbera without
any designed edaptation to the feet of partienlar men, In
another elass of cases tho uniformity is intentional, and is
desipned to moke the mannfactnred article more valuable.
Thua, Whitworth's bolts are made in a certain number of
sizta, a0 that if onebolt i lost, another may be got ot once,
and aecurately fitted toits pdace, The identity of the arrange-
ment of the words in the different copics of o document
or book is a matter of great practical importance, and it is
more parfectly secured by the process of printing then by
that of manuseript copying.

In 2 third elass not a part only bot the whele of the
value of the objeet arises fromn its exact eomformity to a
given standard Weights and mensurcs belong to this
class, pnd the existence of many welladjusted material
standards of weight and messure in auy country fornishes
evidence of the existence of a system of law reculating the
trananetions of the inhnbitants, and enjoining in all pro-
fessed mensures a conformity to the mational standard,

There are thos three kinda of ussfulness in manufactured
articles—cheapness, serviceableneas, and guantitetive aceu.
racy. Which of these was present to the mind of Bir J.
Herschel we cannot now positively affirm, but it was of
least a3 likely to have been the last as the first, though it
seems more probable that he meant to assert that a number
of exactly similar things cannet be each of them eternal
and self-existent, and must therefore bave been maode, and

that he used the {illmsc  manufactored articla” to sugrest
the iden of their being made in great numbers,
(7. w0 3.)

ATOOL, one of the larger Sandwich Tslands, in the
North Pacific Oeean. Towards the NJE and N.W. the
country iz rupeed and broken, bot to the ecuthwared it iz
more level  The hills rise from the ees with o gentls
acclivity, ond, at o little distonee bock, aro eovered with
wood ; the central peaks attain an elevation of TOOD fect. |

The chief ports ate Waituea and Hannlel. The jsland was
one of the stations chosen for the observation of the transit
of Venus in 1874, It is neorly 40 miles in lensth, and
containg about 10,000 inbabitants. TFong. 1537 40 W,
lak 217 57’ M. .
ATRATO. o river of Colombia, Eot:f%{'{.&mnrjm, which,
S
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