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1 gravitation is a force 0exertXerterl
cd treontreenffeeneon ailallparticles of matter
in tl two or par

at intift lid aesees ontortr matterI1

placed
in nlititttit havehavool01ti mutual
edl V fowrownYardserdsds eadle

1
jhcrs cen-

ters this pregpres ilolia great
teeny the quan

matter is equal and lufiff opbb
instancejn tance dgedae

poundpou nd weight tiiethetile samebamee
presprenstirtiro upon tiletho surface ofbf illtilthe0
earth aaas the earth exerts the
guequeone poundbound weight andasand as the wotwo
forces piepip suin directions opposite idtd
each other tilethe two bodies must re
builul f h i 1

faaiu arrest
idonomoio 1tiniductjanci hof matter exerted a
arpater another inlri theirtheli

presuresurea then thothe bodies
compounded ofbf these dlfdifdifferentferent
kinds wouldbohld with
a accelerated motion in
ithetolfe direction of thothe greater pressure

imaki ba represented by two
balcam vesselsvesselssela ocot equal weight in
contact opposite direc-
tions if thertheTorca bf steam on mhd

two boats is equaleequate they will rre-
main

ie 1

ntt rest if thothe force 0of onetherepropreponderateneerav s olefover thothe other there
wlcjuVba tonlyno only but a
motion gregrogreateritteratton
foych IsT

2 particles and nmasses ofor faitdiltmabmat
ekrr not onieonly exertemert the forforeeforce af presprea
nryurd when in contact butbat when

eparad they manifest a mutual
1 argravitation tottosyyardstrdy othenother by
virttie of thi farce whenncheri nobrenobienolnob re-
strained they will towards

lyachllach other with ata aaccel-
erated motion if a mass of mat

oteioter elevated above thothetha stirsurfaceface of
uhautho earhearth is at liberty to move
iditt will cfallifallali towards the sur-
face wwhilellelieile thetho earth at the

bamesameamo timelime will hienherie fo meet Rit but
the velocities of thothec two movingc

i bodies wiliwill be inversely proportion
nainal tb their masses that Is if the

masses of the two moving bodies
arolaroi equal their velocities totowardsards
aehaph ather will bee equal bif the1116

abasimass of uneabne bodyboby is twice that of
11

Ahthe othornAhor
1

lweife velocityesthewiliwill be61 one1

lialahalfwitit ro massmm is thred0 tjanreswesmes
ligreaterreafer its velocity will be oneono

hirdd ifit its mass isI1 oneom hundred
tlinie gc ator its velocity wllwil be

and
1 n hundredthedth laattpatt of that of the
smalleir etc u

i the quatquaiquantityity aindarnd fionflon in a
amov dg bodybodi is19 equal to ahovelo
katnateityeftycity multiplied into thetho mmassmalsMS
ghencoihenco when two bodiesbudles avemove to-

wards each other by virtue of weirtheir
mutual gravitation theirquantities
of motion are always exactly equal

t therefore when they meet they
willmuthWill mutuallyMutuallynily destroy each others
motions and remain at rettest

darthusrTaithushus it will be perceived thauthai
the forceforee of gravitation is19 exhibited
injil two ways namely by pressure
and by motmotionloff both of thesethese of
docta are used to measure the force
whonwhen gravity isig measured by ppresres

guieguresuie the result is called weight
vklinaand is Terepresentedpresented by the number
s WV ounces pounds bonstons etc when

it is measured by motion the result
is determined by the space through

vj body moves by gravitation
etindenninefin a given tinetime newtonnawton demon
W strated bab careful experiments

tinitint overy lindkind blbf coatter near

surfacoacoy pap the earthfaiiafailsfalla fra
ftptalonttato 0of restireli throughfuiful spacespages
ingualqu J timestimis when resistsresistancenooace
ththe atmosphere andmid otherrheid
aucesances are removed

S3 the space phrotthroughigi oiyeotye
body fallstromfalls from a state of restTOW orto-
wards another in one seep g0time Is one of the astronomical
measures of gravitation Ttho space
is usuallyliiv estimated 1in indies afpfor
feet thetoe space through which jaa
body fallsfails fremfram reitrest inln thistiei latitude
is sixteen feet and one inch ar
inches in one second

4 in adopting this measure of
the force of gravity thertheradareoareare three
laws which should bee well antleruller
stood and garercarefullyully observedobenourou 11t

FIRSTfirsa LAewt v viewie space through
ondons bailybod byidi virtue ofbf itsilsavejud towards another

in onoone second does upon
the massrass of vib yormformerar outbut is the
isameaine whatever mavmay ba60 itsil mass if
the distances ardaye the same i

thus thothehe sunbun gravitates towards
aujupiterpiter hildand the hartli gravitates
towards jupiter also butbt though
the mass of thothe sun isisM limestimestimes
greater thairthe ruasriass ofbf the earth I1

yet the gravitation of the former
towards jupiter is19 exactly estialal to0
the gravitationgra ra tboft ofot the latteriatterlatt r to-
wardswalwaids

clim
himbimflim whenwh n the sun and

earth are equally distant from
himaim in other the seinsun
and earth whennwhen at distances
frommom jupiterJbpiter moyomow through thetueahle

ssamesamomb number ofbf inches orok parts of
inches towards jupiterSu Piter in onahibnib aftc-
orid

i
ofor time and such m ja

wasways bohd thethecaeI1 ehte farververmaymay
be the differences ofbf theK masses
of any number of movingt boibotbodiesileslles to
wards another body I1

8SECONDcondlaw bac spagespace
kvaca bodies by their J

gravitaiton
mouemove cowards abita tr jpin paneang secondna

bodt to tha massifdv fm
latter between the
formerfOrperanarand I1 win the same

thusthug if imuhe nikia ti which a body
gravitated is doubled ac
chenuaber which

rulrui pass overoter in oneona pwiiidoudoadoubledbledbied sc suppose that
chesun and are at crual distancesCS

fromfram satini as the sunsan concoucontainsthins loislols10181013
marcmore matter than thenthem

whateververmaymay beze the number eif
through whish saturn may gnavigravitatetate
byardsbudsardsa jupiter in xiameomoo or time it
wwall1 in theace
time 1013 ulca numbecumbe ot inchesi
tamb lawa af sentral hodiesbormseatpat tessardiffer ii

mtent distantdistancess gracigravitate towards mi body
the spacesgrazes passed germer by the rier owoho
secondof time will be eilteill p n I1

ol IQ the square of theirmir distances faiaiM uievietjit
fatterlatter A 1

thus ifit the distanceAlstancentof ithe of
the earth froinfroni its cencentretrebetrebobe called bandland1 and
the space passed over bypy a falling dodybody
near the surface is 1016 feenin a sacoseconddudotof
tinlitimec then atlet twice d-usuchbuchelfcil distance arora abdtbd

of the earth a body would fall one
fourth of 16infectfeet in second at three
timeslimes analisuch distance n body would fall
one ninth of IG ffeetabt at four micatimea the
dittadistancehicefice onh sixteenth of orar one
foot atatsittysixty times the distance or sixty
radii of the earth which is a ditl lucora
than the moons distance a body would
laiijall inancongond second the oueone thirty
dreth 10 feet or about one awed
aleth paitpart of an inch the sun being in
bunnanrounda numbers nearly too00 times dioremore dis-
tant iromfrom the carthearth than the falls
towards thethetho earth the one hundredkundred andband
sixty thousandth part of thetho bno bweni
bieth of an inch which is equal toto the
thirty two hundred thousandth partpt oft
an inch lain one second of timetame IVwhilelencanep-
tunetune being thirty times moreinore distant from
the narthearthrth thanthin the sunsan falls towardsardiarai the
earth inim alicone second DWgoo times lesslesi than
that of thothe sunSUB or thetho two thousand
eightdight hundred and eighty millionth part
of an inch

0pi this audience phy inquire
howhov this law of gravity is to be true
howliow Is9 it known thatthit thathe force called

decreasesdOeA aa tho square of the
distance increases who has ascended
theahe adiheightsaghta of heavenhearen to experiment aponupon
this force who at the vasta t distances ofot
the moon sun andund planets has observed
any phenomena exaittjy
determine the fractions ofbf an inch through
which bodies would fallfail towardss the earth
in one second of time the answer is that
all mankind of ertry asehaydhardhatehave behbeheldid thetha
phenomena which incleincludee the data eccaneceamecca
satysary forporor thetho solution of this grand prob-
lemiemleu all hayehave beheldbehold the moon clrelncirclingclink
itself around the earthalearthatat the distance ja
round nainuinumbersabers ofbf about miles or
atht the distance6 from the earths centrecentie of
GO semibemi diameters ol01 thetha earth AHall might
hatehave known thata body a
straight line when ohiceoneeonce put in motion
unless deflected from that straight line by
some force all might have known thatthit
the orbit or path af the moon was curved
towards the earth being deflected every
moment from a straight line called its
tangenttangcati intolato i a curved jinlin allali might
have known by a sirarpe the
exact amount of this 1dI laakatwl from the
tangent to the curve in 0olioni second of time
yet strange as itlumayamay this simple
phenomenon though observed foifor thorthou
a a of years was notnov comprehended till

the immortal newton some twoawo
ago solved the simple problem
simple problem because it is nowdow soho easily
solved tat in the days btbf newtonndwton it wisws
considered discovery

ass 19to thetho toland p91
1manMn an

hilshiisus iyo F foreeforcercarea which
makestn icesiced hatonhnton cfall IM inches liiiii eneonene seesec
bud causes the mobamoon to fall timedtimes
less athie same time if gravitation
did not yratravarytary in its intensity with shetho dis-
tancencence then moan would fall with the
same velocitytY aa i a fatone near tbt earths
gunbursurfaceNnceace atif aehe velocities Ocdecreasereise merelyI195is the distdistanceanap then thetho moon being CO60
semibemi deaulrdop 0 f thetho earth distant wouldgould
fallfail CO60 timesS a 1oy Z otbut its falling velocity
Isisk known totd belobeio times CO60 or times

blobioslowerifer is before statedstatedonlyonly about
the onegre twentieth bf aninchcliolg lnainain A second

dhezhethe mmeanofin aemi diameter of thothe earth Is
aboutut miles jahehe mean distance of
the san accordineaccordiaaccordins totedto the llew taine Is

alles th dis
tance divided by the former gives a quo
tient of thatis e
weiwelIs equal to bemisemi diameters ofotleethe
earthtarth thilthi squarbauarEiLUaraluardtidoror multiplied itselfelfeif
Is equal to ifit the sanban contcontain-
ed

alq
cd only tmthe samebame andouin ofor matter asis the
earth then the iatterlatter would be deflected
fromirom the tangent of ilsits orbit into a curve
towards hethe un ath a velbvelocitycityeity

times less parper second than thitthat of a
fallingfilling bodybodi ncr the carthyearthyK surface but
observation proves that the narth falls
towards the sunshri withavith a velocity severalbeveral
hundred thousand timed greater than it
would on thetse abordabove supposition itsiti devi-
ation from the tangent of Usits orbit tewfigbeing
about the one eighth of an secsee

tardsidid or more accurately jalisjails
towards the suha about 16971607 times slowerglower
than x astonewee falls near the snisuiface of I1the4q
earth now if bo divided by

GW the quotient will bebb about GO
egvthat 0s the san containsconta Ws times
more matter than tho earth and thus the
barthearth falls towards tho sa jl times
faster thanthin it wouldwoud if the massmasa of the
sunsan were only equal to that of the eirts

lacing abbat ulmestimesB the als
tancee ofothelearh nomrom the sunsuni fallsfalli to-
wardsW thetho tatterlatter with a velocity about

timid idICES than he of
the carth that luminary

A planetabet telco jhb distance of the
artharial fridh thetoe sun will falllall towards himhila
four jessaistanco at
tareo times the distance tits falling irel ociocl

itydvillty wiilwili bebd ninerimo timeatimes leslesss asfourat jour times
tha distancec sixteen timentimesd less at ten
timetimes ono hundred gilbs less
acci acc

centrifugal
othoth As behave amliLed the aw

an a proper mea-
sure of its formeforce for any given quantity
mattmattermattenbri andana for any given distance next
letlot nsus inquire intointo the nature of thoad op

by which hobe planets and
satellitesatellites areape falling to
common centre

7 everyevenyy inmathematician1

athemaUclanolan Ais wallW 11 ac-
quainted mitlonquain ted bilth the idloflaw of ancgicthe ccompositionot p
of forces andana motions if abbody Is acted
upona byby two forces it will generallyrallynally

I1 areuS resultantI1 tant motion intermediate in durec
or bethonbetween thothe directions

woudwould haval resulted from the action of
cither forcer singly instance if a ballbail
bebc projected on planepiane jcice its
I1path would bebb line brottrot 11litheinthethe
samecame lalilallhll bibe bloed by E strong wind at
hightright angles tb its projection or pathathi it
would0uld deviate irom ii straight inqline iiutotonn

r I1lrif athoha ball be attachedat tooddardcord
loo1001 feet long anndand the other extremityi be
fasfastenedfcr ed to a pivot loo feet momnomrom the
straight ilde which the ball Is describing
bj of its projection the ball will
immediately deviate from such straight
lilinefidororilsitsits formenformer path arid will dbdescribescribe

centre of mo-
tion in thistha case there are twourd forces
which produce the circular motion one is
uluihQ projectile or propelling force ththebothenbothErother
Is the ccentral bror pulling forcepsforceforee of the siring
the finttintflet I1impartsm ar ts the impulse bror progres-
sion

daggres

and tthenen ceases to act theethe second
acts continually and uniformly from a
central point as steam or gravitation
the space through which thothe body would
travel insinina a straight line inift bonetone sesecondcorid is A

proper measure of the projectile force the
perpendicular didistancestanda from theahe endiud otof
suchench straight line reaching the curvey at
pethe endiidild ofbf oneoue second laIs the irue meas-
ure ofbf the fall towards the centre
salisail tholathUlahelsheld and satellites ofbf our

system are under themhd of a pro-
jectile force or a formeforce which originally
gave them motion ceasedeased to acuacklctact
the gamesame as powder ceases to act upon a
ballbailbally after thetho momentent of explosionU
without a resisting ori someigai p-

otherotherlother extraneous the planetary
bodies would harehave continued to move for
evereveh a uniform velocity in the straight
linlineeliyellyla which they were projected but
gravitation every moment deflects them
irom this nightrightrl ht line into curvilinear lortororbitsbits
Ttilotilehe nonature of ttheseheihelsa orbits6rbiabi willilllii depend ap

ou thiethe intensity and direction ofbf the two
forces

9 alstls it the motion from the
Is at right angles to the mo-

tion arisingarlson from gigravitation andhud if the
formerlyforMerlsmeris exactly proportioned to that of
the iatterlatter so as to leepkeep the body antallat allsli
times at the same distance from the
itsita orbit wiil be a circle I1

sad Though thathe projectile velocity is
exactly anch hsals would produce ia circular
orbit at right angles to the
traicentral force yet II11 operating atanatun acute
or otoji angieangle to thetho latter force the
body must describe an ellipse and in this
besedesecase its meanmear teloyelovelocitycity will te equal to that
balts projection anidannd the point in the ellipse
willbe tuetee meanmeau distance bf the body from
thothe central torceforce

ord llaILA body Is projected at nightright anin
alsviestoto the central force with a velocity in-
sufficient to a circularcironiar orbit it
will describes an ellipse of which the pointat
of projection willnul ba the dohtaphelionilonllon

ath jtit a body is projected at nightrightra atanan-
gles to the central foce with a Teloyelovelocity
somawhatwhakwhattontoo great for the central force
toxo deflect it into a circle irwillit will revolve in
an ellipse of which the point of projection
viiiwillhl he abetb Perlperibellon

jtb it tta body is projected in a linellie
making an acute or obtuse angleaugle with the
direction of the central forcelorce and with a
velocity smaller or greater
thinthan that whichchichy afifif at the tamatame distance6
and acting at right angiesangles would produce J

a circle it will describe ailan ellipse i

oth if ibethe projectile 1 velocityi isca1 equalmaiual
to thabthat which the body vcoola acquire in

the point of projection to the
gunkinnebun it will describe a curvetcurve ailed tt para-
bolabolaboia thetho body in histhia cickcase would follow
ondongone of the brauchbranchesba of this curvacurve with a
retarded velveivelocity9city far beyond the limits of
our olar system never to a it
again

ath if the projectile velocity Is greater
thanthin that which ia body would acaacqacquireaire in
fallingI1 from the point of projection to thetho
ruifpun jt would describe a cartocurto cailoacalled

1
ilylix

perbols Asai thothe branch of ahlsthis glunglanccurvecurvorap iffa
which thetoe bolybody wouldwoula move adi
likeilke the paraparlbolatoto w infiniteadistadistancenceuce t I1

the body never could rereturntartur again to ththe
bolarboiar system

tiorio rhorhethetho circle ellipse parabola andnd
hyperbola araare the only possible orbits or
curves inID which kooleshooles gancan move under
the influence of projectile and gravitating
forces

at a given distance there is only ononoone
velocity of protectionprojection which will produce
a elrdeirdcircularular orbit arid there isls onlyoni oneoni
velocity which willvill gansedansecause a body to des
crimea parabola but there JS an infinite
number of velocities which willwig p loduco
I1an infinite number of elliptic piec
tweenaJ aR straight line and a circle aid
thereture is also an antlinfinitemite number tof

will ccauseus bolibollbodiesSIto isal an
infinite numbercumberalberofof hyperbolic curves 6of
differdifferentcutent forms

allali thathe planets and satellites of ouronn sys-
tem describe ellipses which do not yaryvry
much from circlesfrel somesonic of thathe comets

eaellipses vryvrytry and ssomeome
ulbf themtheia are supposed to para
bolas and hyperbolashyperbolas

11 let us next rhezhemeasureasure
dorjor forces that they mayinay pcbe
properly adjusted tpq any given centralrairat
forces

eortor the aakesake of araoura stastatetet
meinte letiet us suppose bodies to move in
circles around ccentral forces idd is re-
quired to determine ulfat effect different
velocities and didistancesstances will have la rela-
tion to central forces

12 letut a airing onevie sobifool ionlonlongiong be at-
tached to a ball of lead of the of
one poundoun let it ba whirled around inalnala a
horizontaloriz planepiane hudbudandind it will have a tnini i

tc recedecdo from the centre tbdabd creatcreate
irrt the velocity of revolution ihothe
will be the force pulling upon ticthe sstronetrina inn
a direction outwards frda ththe centre

1 centrifugal forceform whenlehen the
ball performsa revolution iain
seconds it will become stretched by
the circular velocity squar to thathe force of
itsUs weight ahatthat is the gaj force
vill be eqequal to one pound letlot thath
lajityeof revolution which getierates one
pound of centrifugal sorce te36 represented
bylbyi1

atristringhe connecting he ballbali 1

with the centrex to bo varied IRiridaits bengthenath
while its velocity remains theeami anafwhit
will be the law of force exerted injuboripon the
string both experiment andaud
demonstrate

I1 I1 I1

with thetfx jimbbamesame Tevelocityiryirutry trethe
torceforce varies inversely as the lenethjath of iab
wring i

examples A aaring one foot
a certain velocity geneigenelgeneratesates a centrifugal

one pound A etringtringfe tofeto feelfeetct
long the velocity remaining unchanged
gives a forcesorce of one half of a pound three
feet long one third of a poundpound tnten feetfeel
ionglong 0 a pound kacpec ac

the philosophy bf thi lalavylatyv will be seen
byy r that a bfiody tinyin

1wilhI th
the lame velocity at twice thathe
from the centrocentre ischen arcare sismallliall
deflected from the taltai ent tdld thi arvcurtocurvo
through ia space onlyolay aaebaeone haf as kreitgreat in
the bamesamo time aa thatthal through whichch the
neaternearerbody to the centre Is deflected at

times the distance the dealedeflectiontionalon laIs
only aneone thirdthard of that of the nearer hadybody
at ten timetimes the distance the jabileCuon is
only one tenth of that of thei

neanerneater body
ac ac the forces exeexertedrted upon I1thethoilelle
string being as the deflections and lancesthehe dcdo
elections being inversely as the distances
therefore the centrifugal forcesfordes mustmusi ibe
inversely as the dibdisdistancestAnjes

next suppose that the velocity of jhatho
rIvrivinrevolvingln ball Is Tvariedarleed while of
the string johpconnectingacting it with the cutrecentre
remains thaithe bamesame what will bo the I1lawP
ofbf force exerted upon the string inIA thiss
caseease as in the former both experiment
and mathematical calculation procprove that

the gnoth of IU lhirl
same tha ugia fforce0M varies hromybremy
as thetho square of fihsihsho telovelocityetty nI1

Eexamples A string one foot long
with a vvelocity equal ttoD one generates a
centrifugal force equal to one pound ifit the
sama ball at the end of the string Is
made to revolve with twice tuetucc vvelocity0oe ity
the force exerted upon the string will bedo
fourfohr pounds ifit the velocity Is threthree tirmatimes
as great the string will be stretched
nine poupoundsads if the TelOvelovelocitycItY Is
five limes as great the I1tensionelleli on the
string will be twenty five ijapoundsinads ifit the
elnclrrhularcularcufar felovelocitycity of the ball is COO times as
great the force exerted upon the string
willvill be pounds

the reason of toiatola law is apparent by re
fleeting that in small arcs a body revoltingrevolt ing
in a circle with a velocity equal to one willwin
bobe deflected in a given time fjftrosaJ the
tangenttangent otof its orbit to the curvecurves through a
pspace whichaich may bo represented by one
NV
paceth twice thoiho revolving thetho de-

flection in thothe samosanio time will be tourfour
times as sanfar with three times the revolving
velocity thothe deflection from thetho tangent
in the same time wil be niuenine times as tautar
etoetc etc thetha being as the
square otof the velorelocit therefore the eonconcen-
traltrai forces which produce thesedeflections i
must be aaas the square otof the velocities
but lain circles the central and

other andund aroare equalequa

therefore the be
as thuthe re wfof lbturf velocities

A body having emco thal revolving veloechitc b willuring the06 etost haltofhallofhal tolfol the blivengiven
time bobe deflected through a space towardswards
the centre equal thathat which it would
have passed over it thothe velocityv had nonott
betbei u increased curing the asblast blairalfals orof thetho
given will bo dellee three times
as far dad urine the first hairhalfhalfonof the time
hence the whole deflection from the tan-
gent will bobe equaleg ual to four

it thetho circular velocity Is13 tarco times
as creatgreat the defection from therhe tangent
mastbe ninonine farin ihothe same time
for duringcuring the arst thirthirddotdofof thoiho timetimey the

willwili bobe bhe part bf thothe space
eancanequal to oneoue ninthaminth ot tha whole the next
third ott thothe umtitaeheethoethe body will beba deflected

h fee papans undwad the last
tbthirdI1 rd of the tttimeme I1 I1tavilI1 be deflectedad tthroughh auh
five palts more one three and fivefire rbelgbeingbeig
added together will bobe equalequaI1 tp liaeline thesena eucaro thetho philosophical zeotto ons hytheetietl de
elections anci forces ary as thaiha
equasquare otof

ablog bodoWbodies observe this same lawlaw the
first ququarter pt a second a stone fallssatis I1 foot
the next quarte roo a second it falls 3 feet
tha third quarter it falls 5 feet the fourth
quarter 7 feet one breobree five and seven
added together make 16atfeetreet hencehence bodies
fallralifa iilo111816 feet in one second

13 by a combination pi the law otof dis-
tance w-ithath the law ot velocity a lawnav stillsill
moremora denoralgenoralnorai may betie obtained applicable to
any given jenab of the strings and to any
giyen velocity of the whirl tadtae balldail this
law maybe as folgafollows w4

enaty as8 nethe
squares 061 theithe leloielojmesimes bf tmthe vinti
weight attached to their ends and inverselyvernlyin
ps heirbelr lengths

Eramplesampies L A string onig robt long
with u oneons pound weight attached and hav-
ing

bav-
ing a velocity or one or which performs
one complete rtrevolution in Aft horizontal
plane in exert a
force otof tensionteusloir on thephe string equaloqual to I1
pound

29 A string 4 feet longiong ablalla 1 pondpo nd
weighteight attached and wailingling horizontally
with a velocity 6 times greater than that I1

lain the first example will exeria tension or
i centrifugal farcelorce on thetha siringstring oqualequal to 9
pounds torfor itt we muntebarp kuokuetle velocity or

into I1iialiaiceiee rf naaci ak product
by thetho length I1 ul bg 9 ihusthus

i 6ukounoX Q

4
3 intheif the weight 16 attached to a cord 10

feet longiong and whiledwhimledW altu a velocity 20
times greater thailthau that inn thearst ex-
ample it willviti a centrifugal foreeforce
outwards frolfrom the atreotro ol01 motion equal
to 40 poundpounds weight that J a tbthe3 horizontal
strain upon anatb a cord will be equal twto a au

weight havingbaring no
inila the 11 the pro-

f

J wylawyba 4

cealoealngi
A A repree 0

lobao fitallat d to a I1
pound weight and having a h re

azarala greater thu that
in16 the first example alik dhethe cord
equal josf dounou nmrsqi luct dsjeltjj lt1 ft j dwipai rf aw 21 n

to daar ah gitfitM 0sti that can
bolma vt ltdltv a

i vary
enrerainversely aaanthithi oaths then
th it olang ivehich they
wv II11 square

of tj 1 ri

aa
taa bength one
sotfootfot dougvong audflud revolving hi a horizontal
planepianephu lihida ja velocity represented by one
dtyilwilwll slisllsu bortport ara its greatestm eanest e ten-
sion before brealdug u farceace
I1 ippi resented byoneby one i

32 A four as longionglongwillwillwili ac-
cordingcording to thentheaalae assumed lh bebesixsix
teen timeatimes boijefolieoneonoouo r belljr the
inverse lisiia lenien and the reat

willmnisim it1 can enduref
without breabreakingginzgirz sriraltbtbe orieoue haithalt the ve-
locity griveniopu lafa ihethe firstfarst L ne halfhal
being th daversa 1it ugo
the reppeseating abb kentral force
being sixteen weweakerker the
ral force necessaryto balance it must also
b aga kerket bettne length 4 i

usiausla tave
9gaigalalfal ftorceforceorce eqequalua I1 to ono audeh OFor

i AX I1
11ax11

I1 4 16
3 jtit the string is times longionglonger tilanllauI1

that inahoin tho first example tho kisstassumedI1eliell1 ahy-
pothesis

y I1po thesiss milwill alake it nomoHOMO times I1weakereake r
31 i i

5551 bengteng tletho inverse square otof itsjtb
1length11nath andabd the greatest circlecircularcular velocity
I1which1aich itisit is capable of wit out

will DBbe equal to oueode tengleth otof
balhalbat rivengiven in the arst example one
eth being the inversainverse square root 0 VEits
length in this casecaso the greatest possible

which the et inzing willwal laureelaurueru with-
out bbreakingrealcingring laIs thithe inq buld r and sixty
thouthousandth purtuart of taftt inthein first exam-
ple but the benerth thetho velocity
one twentieth hlll generate thisthi
oreoorco 0ot deusonte er

1 W t i

diviii y
1

0 L th
doo

these simlesimiesim le laws arearc applica-
ble to thothe revolving of machinerymachmery
itI1 the strength oeot thetyle spokes the other
materialsmatermateulas ot wheelwheelssaudsandaaiaad their diameters
are 1 exactct revolving velocities
which ththeyeyarearoare canadie ttbt enduring cancani
by bi calealcalculated0

duxcut the mt interesting exhibition of
these law will be deeninin their application
to tho celeStcelestiallailal machinery otbt thehe universe

iftfa one pound weightor ball be attached
to a string rearemreachingching from thothe centre otof the
earth to itsEs equatorial surface its length
would be miles which would be I1

equal to feet it this weight bebei
whirled around the centrocoutre otof the barthlearth
iromfrom westwelt to cast goso as to completec one
revolution in 84 minutes and 43 seconds I1

it will generate a centrifugal force up-
wards fliI1 om truec kenttentcentre quaiequal to oueone pound
which being ly eayeatequalqclifAal boitsto its weight hee
battbait would be exactly balances between theade
two forces anoland aouwould14 havebave noino tendency to

t fall buntut would continue to0o elreeirecirculate a aroundround
the earth ablongas long as its continue 3

the same in cheh words itif thetha earth
nvwet 0 made to rotate on atstta axis once in 84
minutes bodies at the equa-
tor would gosei allail weight 1 I1

1leaveI already stEt veditedi mava ballotball ot oneow
ayigyi


