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Sir Ifaac Newton, K™
PRESIDENT

O M= T HE

ROY AL SOCIETT, &

o pee N dedicating this Tranfla-
82 Hié tion to You, 1donomore
Gl than what my learned

~ " Friend, the ingenious Au-
thor, would have done, if Cuftom
and Gratitude had not obliged him
az to




The Dedication.

to offer the firft Philofophical Work
he has publifhed fince his being
Profeflor, to the Governors of the
Univerfity that gave him the Chair.
And as there are more Admirers of
your wonderful Dilcoveries, than
there are Mathematicians able to
underftand the two firft Books of
your Principia; o1 hope You will
not be difpleafed, that both my
Author and myfelf have, by Ex-
periments, endeavoured to explain
fome of thofe Propofitions, which
were implicitly believed by many
of your Readers; at the fame Time
that the greateft Part of your third
Book, and feveral of the Corolla-
ries and Scholia in the other two,
gave them the higheft Satisfaction
that an inquifitive Mind 1s capable
of receiving. Mathematicians of
the firft Rank, who want no fuch
Helps 1n reading your incomparas
ble Works, take a frefh Pleafure in
feeing thofe Experiments perform-
¢d which you have made yourfelf:

' And
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The Dedication.

And though fome of ours may not
always prove, but {fometimes onl
illuftrate a Propofition ; yet, fuc
Mathematicians, as are of a com-
municative Temper, will be glad to
ufe them, as a new Set of Words,
to give Beginners {o clear a Notion
of the Syftem of the World, as to
encourage them to the Study of the
higher Geometry ; whereby they
may know how to value your Solu-
tions of the moft difficult Pheno-
mena, and learn from You, thata
whole Science may be contained in
a fingle Propofition.

For myown Part, fincel can-
not enough acknowledge the Ad-
vantages which I have had by be-
ing admitted to your Converfation,
and your generous Way of grati-
fying me for fuch Experiments as
1 have made by your Direétion ;
therefore I fhall "here forbear to
pay that Tribute which is due to

You




The Dedication.

You fromall Lovers of Knowled ge;
and rather choofe to be thought B
gular, than, by praifing, to offend
You, Iam, :

S 1R,

Your moft Obedient,
AND

Very Humble Serlvcznt}

JT. DEsacuLiERs.
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"TRANSLATOR

TO THE

R EADBER

. H IS Book will [ufficiently

N B recommend it [elf ; there-
808 fore, I need not [ay any

o thing in Praife of i, er-
ther on Aocount of the ufeful Subject
that it treats of, or the excellent
Method and familiar Way in which
onr Author has handled it : only I
thought proper to obferve to the
Reader, that the Numbers in the
Margin exprefS [o many Propofiti-
ons, which are referred to, asyou
8o forward in the Book, to aviid
Repetitions and Tantology. [f what
is printed in Italic Charatters be
read by it [elf, it will appear to be
a Compendium of the whole Book ;
or the Dotrinal Part of it, witbagt
the
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The Tranflator to the Reader.

the Experiments and Demonftra
tions. I have endeavoured to an-

fwer this End in my Englith Tran-
flation, where you will find, that

awhatever is in Italic Charaers,
makes up the Senfe of the refl of
zhe Book ;, whichalfo readily makes
Senfe by 1t [elf, though taken from
Places where it [eems irregularly
by M

The fir/t Edition of this Tranfla-
zion had fome Errors of the Prefs,
and Fauwlts in the Plates, which
were occafioned by the Hafle in
avbich it was printed off, to pre-
went the Injury that mufi bhave
been done toDr.’s Gravelande, by a
Tranflation that [ome Bookfellers
endeavonred to get out before mine,
which was [o il done, that no Be-
dy that had read the Latin Book,
quonld be able to know it again in
their Baglifh.

L have, therefore, in this Fourth
Edition, carefully review d and cor-
velted every Error, both in the
Book and Plates.

THE



OB 7' we compare the Writings of differ-
LAY enr  Philofophers concerning P u Y-

GG stcs, we may eafily f[ee that they
| call different Sciences by the [ame

y Name, -tho" they all profefs to ex-
plain the true Caufe of Natural * Phenomena.
And no Wonder if they difagree among themfelves,
fince even Mathematicians, who deal in Certasi~
ties, can bardly be kept from wrangling.

But that Diverfity of Opinions fbould not deter
us from fearching after Truth; fince Labour and
Study will fiud it out; and the more we are i3
Jove with ity the lefs we are liable to Errors, X~
cepting [uch as buuan Frailty renders nnavoidabile,

We muft proceed cautionfly in Phyfics, fince that
Science confiders the Works of the Supreme Wif-
douy and fets forth,

* Appearances

A What
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#*What Laws JEHOVAH to himelf preferib’d,
‘And of his Work the firm Foundation made,
When He of Things the firft Defign {urvey’d.

How the whele Univerfe is goverw'd by thofe
Laws, aud bow the f[ame Laws run thro’ ail
she Works of Natures and are conflantly obferv'd
with & wonderful Regularity.

We muft take care 10t to admit Fiition for Truth
for by that Means we Sfbut out all further Examina-
tion. No true Explanation of Pbenomena can [pring
out of @ falfe Principle : And what a vaft Difference
there is betwint learning the Filtions of whimfical
Men, and examiniug the Works of the moff wife
God! Since an Enquiry into Diviune Wifdom, and
the Veneration infeparable from it, isto be the Scope
of a Philofopher, we need not enlarge upon the Va-
ity of reafoning upon fictitions Hypothefes.

Nature berfelf is therefore attentively and in-
ceffantly to be examined with indefatigable Paiys.
That Way indeed our Progre(s will be but flow,
but then our Difcoveries will be ceviain; and often-
times we [ball even be able to determine the Limits
of Human Underftanding,

What bas led moft People into Errors, is an im-
anoderate Defire of Knowledge, andthe Shame of
confeffing our Ignorance. But Reafon fbould get the
Detter of that il grounded Shame; fiuce there is a
learned Ignorance that is the Fruit of Kunowledge,

and which is wmuch preferable to an ignoraus
Learning,

Natural Philofophyis placed among thofe Parts of
Matbematicks, whofe Objelt is Quantityin general.

Mat e~

* quas dum primordia rerum
Pangeret, omaiparens legzns violare Creator
Noluit, atern ique operis fundamina fixic,
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Mathematics are divided into Pure and Mixed.
Pure Mathematics enquire into the Gemeral Pro=
perties of Figares and abfiralfed Ideas. Mixed
Matbematics examine Things themfelves, and will
bave our Notious and Dedutfions to agree both
with Reafon and Experience.

Phyfics' belong to mixed Matbhematics. The Pro-
pertées of Bodies, and the Laws of Nature, are
the Foundations of Mathematical Reafoning, as all
that bave examined the Scope of this Science will
freely confefs. But Philofopbers do not equally a-
gree uponwhat is to pafs for a Lawof Nature,and
what Method is to be followed in Queft of thofe
Laws. I bave therefore thought fit in this Preface
to make good the Newtonian Method, which I bave
foliowed in this Work. What that Method is, 1
bave briefly [et down in the firft Chapter.

Phyfics do not meddle with the firft Foundation
of Thiugs. Thatthe Worid wascreated by Gop, is a
Pofition wherein Reafon [o perfeitly agrees with
Scripture, that the leafp Examination of Nature
wili fhew plain Footfieps of Supreme Wifdom. It is
confounding and overfeiting all our cleareft Notions,
2o affert that the World may bave taken its Rife
from fomegeneral Laws of Motion, and that it im-
ports not what is imagined concerning the firft Di-
Vifion of Matter. And that there can hardly be
any thing fuppofed, from which the fame Effect
may not be deduced by the fame Laws of Nature ;
and that for this Reafon : That fince Matter {uc-
ceffively affumes all the Forms it is capable of by
means of thofe Laws, if weconfiderall thofe Forms
in Order, we muft at laft come to that Form where-
in this prefent World is framed ; fo that we have
no Reafon in this Cafe to fear any Error from a
wrong Suppofition. Zhis Affertion, I [ay, over-
throws all our cleareft Notious, as bas beew frily
Proved by many Learned Mew; and is indeed [o

Az U=
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unteafonable, and fo injuriousto the Deity, that it
will feem unwortby of an Anfwer to amy ane thas
does not kiow that it bas been maintained by many
ancient and modern Pbilofophers, and [ome of them
of the firft Raitky and far removed from any St pi=
cion of Atbeifm.

Then firft laying it down as an undonbted Truth,
that Gop bas created all Things, we muf} after-
wards explain by what Laws every thing is go-
werned; and to wention only the Moon, we it
explain, why

# The Silver Moon runs with unequal Pace,
‘Which yet Aftronomers could never trace,

Or fix in Numbers her uncertain Place :
What Force her Apfides has forward driven,
And madeher Nodes recede i'th’ Starry Heaven.
What is her Pow’r to agitate the Sea,

Whofe various Tides her Prefence ftill obey ;
When th’Ocean fwells, its topmoit Banks to lave,
Or ebbs from weedy Shores with broken Wave,
Leaving the Sands, the Sailor’s Terror, baye

e gt

In Order to explain more fully which Waywe
trace out the Laws of Nature, we muf} begin by
[ome previous and preparatory Reflexions.

What Subfiances are, is one of the Things hidn
den from us, We know, for Inflance, (ome of the

Pro~

L e * Quni caufa argentea Phacbe |
Paffibus baud =quis graditur ; cur fubdita nullj I
Haétenus Aftronomo numerorim frona recufet,

Cur vemeant Nodi, curq; Auges progrediuntur,

—————quantis reflunm vaga Cynthia pontym

Viribus impellic, dum fraéis flu@ibus ulvam
‘ Delerit, ac nautis {ufpedtas nidat arenas ;
/ Alternis vicibus {upréma ad littora pulfans,
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Properties of Maiter ; but we are abfolutely igno-
rant, what Subjeit they are inberent isn.

Who dares affirm that there ave not in Body
many other Properties, which we bave no Notions
of 2 And who ever conld certainly know, thaty be-
fides the Properties of Body which flow from the
Effence of Matter, there are not others depending
apon the free Power of Gop, and that exrended
and [olid Subfiance (for thus we define Body) isen-
dowed with fome Properties without which it could
exift 2 Wearenot , I own, to affivin or deny any thiug
concerning what we do not know. But this Ruleis
not followed by thofe, who reafon in Phbyfical Mat-
ters, as if they bad a complear Knowledge of whai-
ever belongs to Body, and who do not [cruple to af-
firm, that the few Properties of Body, whichibey
are acquanted with, conflitute the very Effence of
Body,

What do they mean by (ayiug, that the Proper=
ties of Subftance conftitute the very Subfiance ?

Can thofe Things [ubfiff when joined together,
that cannot [abfiff [eparately? Can Extenfion, Im-
penetrability, Motion, &c. be conceived without @
Subjelt to which they belong? And have we any
Notion of that Subject ¢ :

We muft give up as uncertain what we find to be
fo, and uot be afbamed to confefs our ignorance.
Tho we need not fear being too bold in affirming, that
a Subject aitogetber unknown to us may perbaps be
endowed with [ome nuknowsn Properties. Andthofe
Men who at the [ame Time that they [ay, conforim-
ably to this Axiom, That we wuft not reafon abour
Things unknown, lay it down as a Fouwndation of
their Reafonings, that nothing relating to Body is
unknown to us, are bebolden to meer Chance, ifibey
are 5ot miffaken.

The Properties of Body cannot be known a prioti;
We muft therefore examine Body itfelf; and uicely,

A 3 confider
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confider all its Properties 5 that we may be able to
determine what natural Effeéts do flow from thofe
Properties.

Upon a fartber Examination of Body, we find
there are fome general Laws, according to which
Bodies arve moved. It ispaft Doubt, for Inftance,
That a Body once moved continues in Motion :
that Reaction is always equal and contrary to
A&ion.  Aud feverab other fuch Laws concerning
Body bave been difcovered; which can no Way pe
deduced from thofe Properties that ave [aid to con-
fitute Body; and fince thofe Laws always bold
good, and upon all Occeafions, they are to be looked
upon as gemeral Laws of Nature. But then we
are at a Lofs to know, whetber they flow from the
Effence of Matter, or whetber they are deducible
from Propertiesy given by Gop to the Bodies, the
World confifis of 5 but no Way effential to Body 5 or
whatever finaily thofe Effeéts, whick pafs for Laws
of Nature, depend npon external Catfes, which even
our Ideas cannot attain to.

Who dares affirms any thing upon this Point con-
cerming ally or any Laws of Nature, without incur-
ving the Guilt of Rafbue(s ? Befides, whoever exa-
mines the Phanomena of Nature will be fully pey~
fuaded, that many of its Laws are not yet difcover-
édy and that many Particulars are wanting towards
the compleat Knowledge of otbers.

The Study of Nararal Philofophy isuot bowever to
be contemned, as built wpon an unkmown Foundation.
The Sphere of buman Kuowledge is bounded with-
in a narvow Compafss and be, that dewuies bis Af-
{ent to every thing but Evidence, wavers in Doub?
cvery Minute ; and looks upon many I hings as nn-
known whichibe Generality of People never fo much
as call in Queftion. But rightly to diffinguifh Things
kuown, from Things unknown, is a Perfettion a-
bove the Level of bumap Mind. Though many
Things
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Things in Nature are bidden from us; yet what is
fet down in Phyfics, as a Science, is undoubted.
From a few gemeral Principles numberlefs parti=
cular Phenomena or Effels are explained, and
deduced by Mathematical Demonfiration. For,
the comparing of Motion, o in other Words, of
Quantities, s the continual Theme ; and whoever
will go about that Work any otber Way, than by
Mathematical Demonftrations, will be [ure to fall
jnto Uncertainties at leaft, if not into Errors.

How much [oever then nay be unknown i#t Na-
tural Philofopby, it flill remains a vaft, certait,
and wery ufeful Sciemce. It corvelts an infinite
Number of Prejudices concerning natural Things,
and divive Wifdom s and, asweexamiie the Warks
of Gop continnally, fets that Wifdom before our
Eyes ; and there is a wide Difference, betwixt
knowing the divine Power and Wifdom by a Meta-
phyfical Argument, and bekolding them with our
Eyes every Minute in their Effecis. It appears
then [ufficiently, what is tbe End of Phyfics, from
what Laws of Nature the Phenomena are 30 be
deduced, and wherefore, when we are once conie
to the general Laws, we cannot penctrate any fur-
ther iuto the Knowledge of Canfes. There remains
only to difeonrfe of the Method of fearching after
thofe Laws ; and to prove that the three Newtonian
Laws, delivered in the firfp Chapter of this Work,
ought to be followed.

The firft is, That we ought not to admit any
more Caufes of Natural Things, than what are
true, and {ufficient to explain their Phenomena.
The firft Part of this Rule plainly follows from
what bas been [(aid above. The other cannot be
called in Quefiion by any that owns the Wifdom of
the Creator.  If one Caufe fuffices, it is neediefs 10
[uperadd anotber ; efpecially, if it be confidered
that an Fffect from a dovble Caufe is never exali-

A 4 y
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Iy the (ame with an Effe(t from a fingle one. There
fore we are not to multiply Caufes, °tili it appears
one fingle Cayfe will not do the Bufinefs.

In ovder ta prove the folivwing Rules, we nnff
premife [owe general Reflections.

We bave alveady [aid, that Mathematical De-
monfirations bave no Standard to be judged by, but
their Conformity with our Ideass and when the
Queftion is abont Natural Things, the firff Requi=
Jite isy that our Ideas agree with thofe Tbifzg.r,
which cannot be proved by any Mathematical De-
monfiration. And yet aswe have Ocsafion to rea-
fonn of Things themfelves every Moment, and of
thofe T hings sothing can be prefent to our Minds
befides ovr-Ideas, wpon which onr Reafonings im-
mediately turn; it follows, that Gop bas efta-
blifbed fome Rules, by whichwe may judge of the
Agreement of our Ideas with the Things theinfelves.

Al Mathematical Reafonings turn upon the Corn-
parifon of Quantities; and their Truth is evidenced
by implying a Contradiciion in a coutrary Propofi-
zion. A redtilineal Triangle, for Inflanse, whofe
three Angles are not equal 1o two right opes, is a
T hing impoffible.  When the Queftion is wot about
the Comparifon of Quantities, a cowivary Propofi-
tion is mob always impoffible. It is cevtain, for In-
fiancey that Peter is living, though it is as certain
that be might have died Tefterday.  Now theve be-
ing numberle(s Cafes of that Kind, where one may
affirin or deny with eqgual Certaimty ; there follows,
that there are many Reafonings very certain, tho'
altogether different from the Matbematical Ones.
And they evidently follow from the Efablifhment
of Things, andtherefore from the pre-determined
Will of Govn. For by forcing Men upon the Nece/~
fity of promeuncing concerning the Truth or Falf-
bood of a Propofition 5 he plainly fbews they muft
affent to Agreements, which their Fudgments ne-

1 ceffarily
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geffarily acquiefve in; and whoever reafons otber=
wife, does not think worthily of Goo.

To return to Phyfics: We are in this Science
to judge by our Seufes, of the Agreement that there
is betwixt Things and our Ideas. The Extenfior
and Solidity of Matter, for Inftance, afferted upos
that Gronud, are pafp all Doubt. FHere we examine
the T hing in general, without taking notice of the
Fualiacy of our Semfes upon fome Occafions, and
which Way Error is then to be avoided.

We cannot immediately judge of all Phyfical Mas-
ters by our Senfes. We have then Recour(e to ano-
tber juft Way of Reafoning, though not Mathemati=
cal. It depends upon this Axiom; (viz.) We muft
look upon as true, whatever being denied would
deftroy civil Society, and deprive us of the
Means of Living. From which Propofition the fe-
cond and third Rules of the Newtonian Method
moft evidently follow.

For who could live a Minute’s Time in Tranquil-
lity, if @ Man was to doubt the T ruth of what
paffes for certain, whatever Experiments bave been
made about it; and if be did not depend upon [ee-
ing the like Effects produced by the [ame Cat e?

The following Reafonings, for Example, are daily
Iy taken for granted as undoubtedly true, without
any previous Examination s becanfe every Body
[ees that they cannot be called in Quefrion without
defiroying the prefent Oeconomy of Nature.

A Building, this Day firm in all its Parts, will
not of its felf run to Ruin to Morrow. Thusy by @
Parity of Reafon, the Cobefion and Graviry of the
Parts of Bodies, which I never [aw altereds nor
beard of baving been altered, without [ome iuter-
vening external Caufe, willnot be altered to Nights
becaufe the Caufe of Cobefion and Gravity will be
the [ame to Moerrow as it is to Day. ko does
108 fee, that the Certainty of this Reafoning d;'

pends
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pends only upon the Truth of the fore-mentioned
Principle? .

T'he Timber and Stones of any Country, which
are fit for a Building, if brought over here, will
ferve in this Place, except what Changes may
arife from an external Caufe ; and I fhall no more
fear the Fall of my Building, than the Inhabitants
of the Country, from whence thofe Materials
were brought, would do, if they had buijt a
Foufe with them. Zhus the Power which canfes
#be Cobefion of Parts, andthat which gives Weight
10 Bodies, arve the [ame in all Conntries,

I have ufed fuch Kind of Food for {o many
Years, therefore 1 will ufe it again to Day with-
out Fear.

When I fee Hemlock, I conclude it to be poi-
fonous, tho’ I never made an Experiment of that
very Hemlock 1 fee before my Eyes.

Alithefe Reafonings are grounded upor Analogy ;
and there is mo Doubt, but our Creator bas in many
Cafes left us no other Way of Reafoning, andthere-
ore it 45 @ right Way.

Which being once proved, we may afterwards
make ufe of the f(ame Method in other Matters,
where no abfolute Neceffity forces us to reafon at ajl,
HWhen an Argument is good in owe Cafe, there is
a0 Reafon why we flhould vefufe onr Affent to it is
anotber.  For who can conceive, thar Things Pro-
ved the [ame Way are not equally certaiy Befides,
1ho’ we conclude in gemeral, that this Metbod of
Reafoning is right from the Neceffity of ufing it
set 1t does not follow that particular Reafonings
depend upon that Necqﬁsry_. I conclude from Ana-
Togy, that Food is not poifonous 5 but is thar Argu-
asnent only good, when I am bungry @

Iu Phyfies then we are to difcover the Laws of
Nature by the Phanomena, then by Induition prove
them to be general Laws ; ali the reff is to be ban-
dled
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dled Mathematically. Whoever will ferioufly exa-
mine, what Foundation this Method of Phyfics is
built upon, will eafily difeover this to be the only
true oney and that all Hypothefes are to be laid a-
ide.

x So much for the Method of philofopbifing. 1bave
wow a Word to [ay of the Work it[elf5 ¢ which this
is the firft Tome.

The whole Work is divided into four Books. The
firfp treats of Body in general, and the Motion of
Solid Bodies. The Second of Fluids. What belongs
to Light is bandled in the Third, The fourth ex-
plains the Motions of Celefiial Bodies, and ‘what
bas a Relation to them upon Earth. The two firft
Books are contained in this Tome.,

Iz ovder to render the Study of Natural Pbilofo-
phy as eafy and agreeable as pofible, 1 have thought
fit 10 illufirare every thing by Experiments, and to
fet the very Matbematical Conclufions before the
Reader’s Eyes by this Method.

He that fets forth the Elements of a Science,
does not prowife the leayned World any thing new
in the main  Therefore I thought it needle(s, 10
point out where what is bere contained isto be found.
I bave made my Property of whatever [erved 1y
Purpofe 5 and I thought giving Notice of it once
for all, was [ufficient to avoid the Sufpicion of Theft.
I bad rather lofe the Homonr of a few Difcoveries,
difper[ed bere and there in this T reatife, than rob
any one of theirs. Let who will then take to bim=
[elf what be- thinks bis ewn : I lay claim 10 70-
thing.

As to Machines which ferve for making the
Experiments, 1bave takenCare to imitaie feveral
from other Autbors, bave altered and improved o-
thers, and added many new ones of my own Inven-
tion. And 1o Wonder I fbould be forced to that
Neceffity, baving nade Experiments upow any

2 Things
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Things uever tried perbaps by any one before. For
Mathematicians think ~ Experiments [uperfluons,
where Matbematical Demonfirations  wij take
Place : But as all Mathematical Demonfirations
are abfiraited, Ido not quefiion their becoiring ea=
fiets when Experiments (et forth the Conclufions be-
Jore our Eyes ; following therein the Example of
the Englithy, whofe Way of teaching Natural Phi-
lofophy gave me Occafion to think of the Method
1 have followed in this Work, [ Jhall akways glory
in treading in their Footfleps, wha, with the Prince
of Philofopbers for their Guide, have firft opened
tbe Way to the Difcovery of Truth in Philofophical
Matters,

As tothe Machines, I will fay thus much more by
Way of ddvertifement, That moft of them bave
been made by a wery ingenious drtiff of this T. own,
and 1o vuskilful Philofopber, whofe Nawe is John
van Mufichenbroek, and who bas a peifect Know-
Jedge of every thing that is bere explained. Whick
Advertifement, I fuppofe, will not be difpieafing
70 thofe who may bave a Fancy to 8et [oine of thofe
Machines made for themfelves,
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MATHEMATICAL
ELEMENTS

Natural Philofophy,

CONFIRMED BY

EXPERIMENTS.

B O 1
Pazt L OfBODT:'iz General,

CrE a3 oL
Of the Scope of Natural Philofophy, and the
Rules of Philofiophizing.

NATURAL PurrLosoruy treats of Natu-

ral Things, and their Phenomena.

Derinrrion I, and 1L
Natural Things are all Bodies: And the Affem~ 4
blage or Syftem of them all is cailed the Univerfe.

B Deri-
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DeriniTion L
2 Natural Phanomena are all Situations and all
Motions of Natural Buodies, not immediately depend-
inig upon the Attion of anintelligent Being; andwhich
may be obferved by our Senfes.

We do not exclude, out of the Number of Na-
tural Phaenomena, thofe which happen in our Bo-
dies by our Will; for they are produced by the
Motion of our Mulcles, and their Aétion dC?CE—dS
upon another Motion: In thefc, there is only thac
Motion which arifes from the immediate Action
of the Mind, and isentirelyunknown to us, which
is not a Natural Phenomenon.

All. thefe Motions are performed by certain
Rules, and always fubjet to the fame Laws.

The Sun rifes and {ets daily ; and the Time of
his Rifing and Setting may always be determined,
according to the Time of the Year, and Latitude
of the Place. Plants of the fame Kind, under the
{fame Circum{tances, arealways produced and grow
in the fame Manner: And {o on in other Cafes.
Nay, even in thofe things which appear to be
wholly fortuitous and uncertain, certain Rules are
without doubt obferved.

Natural Philofophy explains Nataral Phano-
smenay that is, givesan Account of their Caufes.

In enquiring after thofc Caules, BODY in
general is to be examined; and then the Rules
which the Creator has eftablifhed, according to
which, Motions are to be perform’d. Thele Rules
are called Laws of Natare.

(S

DeriniTION IV.
4 A Law of Nature then is, the Rule and Low,
aceording to which God refoived that certain Motions
Jhould always, that isy in all Cafes, be performed.

Every
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Every Law docs immediately depend upon the
Will of Geod.

Alfo 1n refpeét to us, we call 2 Law of Nature,
every Effe&t which in all Oceafions is produced
after the fame Manner; although 1ts Caule is un-
known to us, and we do not fec that it flows frem
any Law known to-ys.

For we make no Difference between a thing
which immediately depends upon the Will of
God, and what it produces by the Intermediation
of a Caule of which we have no Idea.

The Laws of Nature are only deduced from an
Examination of Natural Phanomena.

By Help of the Laws, thus difcovered, other
Phanomena muft be explained.

In order to find out the Laws of Nature,
Sir {faac Newton’s following Rules are to'be ob-
ferved.

RULE L
We are not to admit moere Canfes of Natural §
Things than fuch as are truey and fufficient for ex-
Plaining their Phenomena.

RU L.E 1L
Natural Effets of the [ame Kind bave the [ame
Caules.

Such Qualities of Bodies, whofe Virtue cannot 7
be increafed and diminithed, and which belong to
all Bodics upon which Experiments may be made,
muft be looked upon as Qualities of all Bodies.

Ba CHAP,
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CHAP IL
Of B O DY in General.

8 HAT we firlt confider in Body is Ex-
ten/ioi.

W liat is meant by Extenfion, no Body is igno-
sant of. Tts Idea is moft fimple, and almoft al-
ways obvious to our Mind; from whence it is
very intelligible, tho’ we want Words to deferibe

it.
Every Body has Extenffon; without Extenfion

{there is no fuch thing as Body. And yet all that
has Extenfion is not always a Body ; although it
is impoffible to determine, how Body differs from
mere Space, till the other Properties of Body
{hall firft be afcertained.

The Second Thing to be examined in Body is
Solidity. . Body, having no Power to remove itfelf,
will confequently exclude every other Body from
the Place poffefied by it; and ‘the moft fluid, as
well as the hardeft Bodies, have this Property.

to The Third Property of Body is Divifibility;
becaufe if a Body be cxtended, it is alfo divifible;
for you may always conceive one Extenfion lels
than another. From whence we {ee, that there
are Parts in all Extenfions; which Parts in a Body
may be feparated from cach other; Becaule,

11 Body hath a Fourth Property, that is, that it
may be carried from one Placetoanothery whence
it is (aid to be Moveable.

All Obftacles being removed, a Body yields
to the lealt Blow: Neverthelefs there is a greater
Force required to move 2 Body with a greater
Celerity than with a lefs, as alfo to move a
gregter than a fialler Body, allowing their Ve-
Tocity to be cqual. There is alfo a greater Force

required
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requived in the fame Cafe to flop the Velocity of
different Bodies in Motion. Hence it is, that Bo-
dies at Reft, and Bodies in Motion, endeavour to
continue in their State.

"This arifes from the Inativity of Matter, ( Zuer-
#a) which in all Bodics is ever proportionable to
their Quantity of Matter, becaufe it equally be-
longs to all the Particles of Matter.

All Bodies have fome Figure ; whence Figura-
Fility (that is, to be of fome Shape or Figure) is
commonly efteemed one of the eflential Properties
of Body, though it feems rather to be derived
from other Properties.

If a-Body be divided on every Side, and thofe
Parts removed; what remains -in the Middle is
terminated on every Part, and confequently hasa
certain Figure, The fame Body is capable of having
different Figures s becaufe it may be divided into
Parts, and thofe Parts placed in different Order in
refpeét to each other. Neither does it imply a
Contradiftion to fay, ‘that a Body, that {hould
have no Figure, would be an infinite Body.

CHAP IL
Of Extenfion, Solidity, and Vacuity.

ERE the Queftion ({o often handled by

the Learned ) concerning a Facuum, is to be
confidered ; namely, Whether there be an Exten-
fion void of all Matter; for this Extenfion is cal-
led a Pacuun, an Emptinefs or meie Space.

That there is really a Vacuum, is proved from
Phanomena: This Propofition therefore fhall be
hereafter more fully treated of.

The Poffibility of a Vacaum appears from the
bare Examination of Ideas. For whateyver we
conceive to be pofiible may exift.

B3 The
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The Queftion thercfore amounts to thisy wiz:
W hether we have an Idea of an Extenfion that is
not folid ?

We acquire an Idea of Solidity by the Touch :
We fecl that fome Bodies refift us; and indeed
thofe Bodies refift us every Moment, that hindee
us from defcending to the leweft Places: From
which Refiftance it appears, that a Body excludes
every other Body from the Place which itlelf
takes ups that is, it appears that a Body is folid 3
which Idea of Solidity we transfer to thofe mere
{ubtile Bodies, which, by reafon of the Smalluefs
of their Parts, efcape our Senfes; and we find by
Experience, that even thofe refift other Bodies, as
well as the bardeft.

14  Experiment.] The Air, in which we live, does

almoit always efcape our Sight and Touch; yet
in a Syringe, that 1s clofe fhut at the End, it re-
fifts the Pifton, fo that it can be pufh’d to the
Bottom of the Syringe by no Force.

The Idea of Solidity is not indeed contained
in the Idea of Extenfion; that only follows from
Conta&, but this may be had without it; forif
a Maa had never touch’d a Body, he would have
no Notion of Solidity.

Let any one obferve an Imagcc?rojc&cd in the
Air, or reprefented between a Concave Mirror
and the Objeét; fuch an Image does not refift,
and yet it feems to be a Body as denfe as the Ob-
jeét 1tlelfs for the Colours may appear more vivid
in the Image than in the Object itfelf: If a Man
had never feen any thing elfe but fuch Images, and
his own Body was like fuch an Image, could he
have any 1dea of Solidity? It does not appear that
he could s and yet he would certainly haye an Idea
of Extenfion,

As
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As we are here difputing of Ideas, we fhall not
confider what the above-mentioned Image is; it
is enough that there is {uch a Thing.

All the Difference between §pace and Body does i5
not confift in a Privation of Solidity.

That Space is infinite, and can be contained by
no Limits, is plain to any onc that attentively
confiders it.

We plainly fee that Space has Parts, but they
cannot be feparated from one another, being im-
moveable as Space itfelf.

The Idea of Space is very fimple; that of Body
is more complex, it may be moved, its Parts are
feparated, and what is finite is eafily conceived.

Solidity is by fome call'd Zmpenctradilitys and 16
they endeavour to deduce it from the Nature of
Extenfion: For Example, cne cannot add one
cubic Foot of Extenfion to another cubic Foot of
Extenfion, without having two cubic Feet; for
each of them hasall that is required to conftirute
that Magnitude; therefore one Part of Space ex-
cludes all others, and cannot admit them.

Anfwer.  This is all true, becaufe the Parts of
Space are immovyeables but it would be falley if
it was not that it would imply a Contradittion,
to fuppofe oné Part of Space conveyed to another
Place: And the Confequence follows only from
the Tmmobility, not from the Impenetrability or
Solidity of the Parts of Space.

C H APROIV.
Of the Divifibility of Body in infinitam ; and
of the Subtilty of the Particles of Matter.

HE Extenfion of a Body implies its Divi- 1
T {ibility ; that 1s, one may confider Parts
n it

B 4 Yet
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Yet the Divifibility of Body differs from the
Divifibility of Extenfion; for its Parts may be
{eparated from on¢ another. -~ But as rhis Proper-
ty depends upon Extenfion, it muft be examined
under the Confideration of Extenfion. = And then
we may ealily” transfer to Body what is demon-
{trated.

Body is divifible i infinitums that is, you can-
not conceive any Part of its Extenfion” cver o
{fmall, but fill there may be a fmaller.

Let there be a Line AD perpendicular to BF,
( Plate 1. Fig. 1.) and another as GH at a {mall
Diftance from A, alfo perpendicular to the fame
Line, with the Centers G, G, C, &' and Di-
ftances CA, CA, {Fc. deleribe Gircles cutting
the Line G H in the Points ¢, ¢, {J¢. The greater
the Radius AC is, the lefs is the Part eG; the
Radius may be augmented iz infinitum, and there-
fore the Part ¢ G may be diminithed in the fame
Manner 3 and yet it can never be reduced to No-
thing ; becaufe the Circle can never coincide with
the Right Line BF.

Therefore the Parts of any Magnitude may be
diminith’d i# infinitamy and there is no End of
fuch a Divifion.

The fame Thing may be proved by a great ma-
ny other Mathematical Demonftrations.

The chief Objections are, — That an Infinite
cannot be contained by a Finite; — That it fol-
lows from a Divifibility iz infinitum, that all Bo-
dies are equal, or, that one Infinite is greater than
another.

But thefe are eafily anfwer’d ; for to an Infinite
may be attributed the Properties of a finite and
determined Quantity. Who has ever proved
that there could not be an infinite Number of
Parts infinitely (mall in a finite Quantity ; or chat
all Infinites are equal? The contrary is demon-
{trated
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firated by Mathematicians in innumerable In-
- ftances.

There are alfo other Objetions propofed, fup-
pofing that we affirm an actual Divilion of a Body
into an infinite Number of Parts feparated from
one another. We ncither defend nor conceive
fuch a Divifion: We have demonftrated, that
however fmall a Body is, it may flill be farther di-
vided; and, upon that Account, we believe that
we may call that a Divifion in énfinitum, becaufe
what has no Limits is call’d iufinite.

There are no fuch Things as Parts infinitely 20
{mall; but yet the Subtilty of the Particles of fe-
veral Bodies 1s fuch, that they very much furpafs
our Conception; and there are innumerable In-
ftances in Nature of fuch Parts that are altually
feparated from one another.

Mr. Boyle has proved it by feveral Arguments.

He {peaks of a filken Thread 300 Yards long, 21
that weighed but two Grains and a Half.

He meafured Leat-Gold, and found by weigh- 22
ing it, that yo fquare Inches weighed but one
Grain: If the Length of an Inch be divided into
200 Parts, the Eye may diftinguith them all;
therefore there are in one fquare Inch 40000 vi-
fible Parts; and in one Grain of Gold thereare two
Millions of fuch Parts; which vifible Parts no
one will deny to be farther divifible,

A whole QOunce of Silver may be gilt with 23
eight Grains of Gold, which is afterwards drawn
into a Wire thirteen thoufand Foot long.

In odoriferous Bodies we can fhill perceive a ,,
greater Subtilty of Parts, and which are fepara-
ted from one another j feveral Bodies fcarce lofe
any fenfible Part of their Weight in a long Time,
and yet continually fill a very large Space with
odoriferons Particles: Whoever will be at the
Pains to make Calculations concerning thofe ihbl—

: tile
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tile Ejfluvia, will find the Number of Parts to be
amazing.

2y By Hc[p of Microfcopes, fuch Objedts as wonld

otherwife efcape our Sight, appear very large:
There are fome fmall Anmals {carce vifible with
the beft Microfcopes; and yer thele haye all the
Paits neceflary for Life, Blood, and other Li-
guors: How wonderful muft the Subtilty of
thofe Particles be; which make up fuch Fluids!
We cannot end this Chapter more aptly than
by the following Theorem, which is eafily deduced
from what has been faid of the Subtilty of Matrer.

THEOREM.

26 Axy Particle of Matter, how {mall foever,

and any finite Space, how large focver, being gi-
ven; it is poflible that that {mall Sand, or
Particle of Matter, thall be diffufed thro’ all that
great Space, and thall fill it in fuch Manner that
there thall be no Pore in it, whofe Diameter fhall
exceed a given Linc,

Gl A PV,

foscernite the Coﬁ{-ﬁ'm; ‘.’f : Parts; where we
all treat of Hardnefs, Softnefs, Fluidity,
dﬁd El:i-ﬂ,(rju:u.

L L Bodies, that are perceived by our Sen-

fes, cunfiit of very {mall Parts, no onc of

which is indivifible in itfelf; but all of them are

in l'e!'pc{‘\r to us: For all the Divifion we can
make, is only a Separation of Parts.

W hen a great Foree is required to make fuch a
Divifion, a Body is {aid to be Hard.

If the Parts yicld more cafily and fall in' by

being prefs’d, fuch a Body is faid to be Soft.

But
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But this great and lefler Force, in the common
Signification, determine nothing; for a Body that
is Hard, in refpeét to one Man, {cems Soft to ano-
ther.

DeriniTioN L
A Body is faid to be Hard, in a Philofophical
Senfe, when its Parts mutually cobere, and do not at 28
all ym’f] inwards, fo as wot to be fubeét to any Mbotion
in re[pedt ta each othery without breaking tbe Body.

DeriniTion II.

A Body is faidto be Sof#,inaPhilofophical Senfe,
aben its Parts yield inwards, and [lip in upon one 29
anothery cven the’ it may require a Blow with a
Hummer 10 do it.

DeriniTiON IIL
A Body whaofe Parts yield to any Impreffiony and 30
by vielding are eafily moved, in refpeét to each other,
is call’d a Fluid.

All thefc Things depend upon the Cohefion of
Parts ; the cloler a Body 1s, the nearer it ap-
proaches to perfeét Hardnels.

But the Hardnefs of the fmalleft Parts does not
differ from their Solidity; it is an cffential Proper-
ty of a Bedy, which is no more to be explained,
than why a Body is extended, or a Mind thinks.

I do not know whether all Bodies confift of
Parts that are equal and alike: And there are alfo
feveralT hings very difficult, in Relation to the Caufe
of the Cohefion of the fmall Parts of Bodies.

The Laws of Nature, which are admirted here,
are deduced from Phanouena.

It is a particular Law of Cohefion, that all the 31
Parts have an gttractive Foree.

Deri-
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DeriNiTion IV.

By the Word Astraétion | underftand, any Force
by which two Bodies tend toward each other 3 tho’
perhaps it may happen by Impulfe.

But that Attraétion is fubjeét to thefe Laws;
That it is wvery greats in the very Comtat of the
Partsy and that it [uddenly decreafes, infomuch
that it adts no move at theleaft fenfible Difiances nay,
at a greater Diftance, it is changed into a repellent
Force, by which the Particles fly from each other.

By Help of this Law, feveral Phanomena are
very eafily explained 5 and that Attraction and Re-
pulfion is fully proved by a vaft Number of chy-
mical Experiments. That there is fucha Thing,
appears alfo from the following experiments,

Experiment 1.] W g fee that in all Liquors all
the Parts attract one another, from the Spherical
Figure that the Drops always have ; and alfo be-
caufe there is no Liquor whofc Parts are not ftick-
ing to one another, which is evidently true even
in Mercury welf.

Experiment 2.”] But this mutual Attradtion of
Particles is much better proved; becaufe in all
Liquids, two Drops, as A and B (Plate I. Fig. 2.)
as foon as they touch onc another ever fo little,
they immediately run into one larger Drop, as
F. All which Things, as they allo happen in
liquified Metals, it follows, that the Partsof which
they are compounded do attraét one another, even
when they are disjoined by the Motion of the
Fire.

Thele Appearances do not-depend upon the Pref-
{fure of the Air, becaufe they alfo happen where
there is no Air; neither do they depend upon the
Preffure of any other Matterequally from all Sidess
for thoygh fuch a Preflure is able to keep the

Drops
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Drops to their Spherical Figure, it can by no
means bring them to it at firft.

In the Oval Drop achd, ( Platel. Fig. 3.) the 34
Preffures upon the Surfaces ad and ¢ are lels than
the Preflures upon the Surfaces a¢, dé; for the
Drop is fuppos’d to be prefs'd equally from all
Parts, thercfore the Preffure is lefs 1 a le(s Space:
Yer the Drop can never become round, till thofe
leffer Preflures overcome the greater, Which isab-
furd.

On the contrary, in Attrattion, the greater the
Number is of the Particles which attraét one ano-=
ther between two Particles, the greater isthe Force
with which they are carried towards one another;
which produces a Motion in the Drop, till the Di-
ftances berween the oppofite Points in the Surface
become every where equal; which can only hap-

en in a Spherical Figure.

Several Bodies aét upon other extrancous Bodies
by this Artraction. 1 fhall give a few Examples,
in which the Efeds of it are moft remarkable.

Experiment 3. Immerge in Water the Ends of 37
fmall Glafs Tubes open at both Ends, in the Man-
ner reprefented in Plate I. Fig. 4. The Water
will fpontancoufly afcend in them, and fo much
the higher as the Diameter is lefs. It is not re-
quired that the Tubes be extremely fmall; for the
Experiments will fucceed in Tubes whofe Bore 15
the fixth Part of an Inch. That this is not to be
attributed to the Preflure of the Air, appears from
the following Experiment.

Experiment 4. Having fixed the {imall Tubes A 36
to a Piece of Cork, and {ulpcoded them with the
Brals Wirc AB, (Platel. Fig.5.) pamp outthe Air
from the Recipient Ry which ftandsupon the Brals
Plateof the Air-Pump; then by moving the Wire

AB,
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AB, the Tubes may be immerfed in the Water
which is contained in the Glafs CD, and the Wa-
ter in this Cafe will rife up into the Tube juft as
it did in the foregoing Experiment. How the
Wire may be moved, withour letting the Air into
the Recipient, will be explained hereafter.

37 Experiment 5. ] ABCD are two Glafs Plates, or
Planes, ( Plaze 1. Fig.6.) rouching one another at
AB, but a little feparated at CD, by thrufting
a thin Platcof any Kind between them; they arc
fuftained by the wooden Frame HILM, in fuch
Manner, that the Side D C is always at the faime
Height; the Planes may be bréught to make any
Angle with the Florizon, by raifing the End AB
where they are joined, the Cylinder N O likewife
{uftaining the Plane in any Pofition. The Screw
P makes faft the Cylinder at any Height.
A Drop of WaterorOil, G, is put between the
Planes, {o as to touch both the Planes, which
muft before-hand be made wet with the {ame Li-
quors this Drop is attrated by both Planes, but
the Attraction has a greater Effc& upon the Drop,
where their Diftance is the lefs: that is, a greater
atethan at f, therefore the Drop is moved towards
¢3 thatis, afcends, and moves upwards the fafter,
i Proportion as it is higher, the Surfaces in which
the Drop touches the Glaffes growing very much,
where the Diftances berween the Planes is diminifh=
ed. The Angle of Inclination of the Planes may
be {0 increafed, thar the Gravity of the Drop fhall
| balance the Attra&ion, and then the Drop is ac
reft; and in thar Cafe, if you raife the End AB
of the Planes flill higher, the Drop will defcend
by its Gravity, which will then overcome the At-
traction.

Experi-
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Experiment 6. Let two Glafs Planes, ABCDy 38
(Plate L.' Fig-7:) touch one another at A B, and
at C D let them be a litcle feparated by the Inter=
pofition of fome thin Plate, and then let their
Ends be immers’d into Water tinged with fome Co=
lour, in fach Manner, that theSides A B and CD
may be ina vertical Pofition, the Planeshaving been
moiftened with the fame Liquor beforehand. The
Woarer will rife between thole Plancs by thein A=
tra&ion, and rife higheft where the Planes are
nearcft together ; and as their Diftance continually
decreafes from C.D to A B, the Water rifes up to
different Heights in every Place, and makes the
Curve Line e f g.

Experiment 7.7 Quickfilver unites itfelf to Tin 39
and Gold; allo Water and O1l ftick to Wood and
clean Glafs.

We have Inftances of Repulfionbetween Water 40
and Oil, and generally berween Water and all un-
¢tuous Bodies; between Mercury and Iron; asals
fo between the Particles of any Duft.

Experiment 8.] 1f any greafed Body, lighter4?
than Water, is laid upon the Surface of Water, or
Picce of Iron upon Mercury, the Surface of the
Fluid will be depreffed about the Bodies laid upon,
Ity as it appears about the Ball A ( PlareT. Fig.8.)
And after the fame Manner, where the Attraction
obtains, the Surface ofthe Liquor is higher about
the floating Bodies, as about the Ball B, and does
not run to a Level by its Gravity; fo here where
the repellent Forceexerts its Ation, Liquorsy not=
\}'nh{tnnciing thewr Gravity, do not ran down to
fill wp the Cavities which are made round the
ﬂnating Bodies.

_ Upon this depend all the Phznomena of very 4z
light Glafs Bubbles ( Plate. Fiz. 18.) which fwim
upon
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upon Water; when theyareclean, the Water rifes
about them all round; asat B; but, when they
are made greafy, the Water makes an Hollow all
round them, as at A 3 in the Glafs Veflel where
the Experiments are made, the Water alfo {tands
higher all round next to the Glafs, asat C and D 5
but when the Glafs is fo fill'd that the Water runs
down from all Parts, then, by the mutual Attraéi-
on of the Parts of the Water, it ftands higher in
the Middle than at the Sides, and forms the con-
vex Surface ABC: (Plate 1. Fig.9.) From thefe
Principles only can the following Experiments be
explain’d.

Experiment 9,10, 11y12and 1 ) When aGlafs
is not quite full of Water, a clean Glafs Bubble
always runs to the Side, and there fticks, provi-
ded it be not laid on too far from it. TheBubble
is prefs’d every Way by the Water, when it comes
tothe Side of the Veflel; thefameForce, by which
the Water is raifed there, does in part take off
that Preffure; fo the Preffure on the other Side
overcomes, and the Bubble is moved towards the
Side of the Glafs.

When the Glafs is {o full as to be ready to run
over, the Bubble goes off it {elf from the Side to
the Middle of the Glafz, for the fame Reafon;
becaufe the Force, by which the Water is raifed in
the Middle, does alfo diminifh the Preflure upon
the Bubble towards the Middle,

Juft the Reverfe happens when the Bubble is
grealy, becaufe that Force, by which the Water
and the Bubble repel one another, is greateft where
the Water is higheft.

Two clean Bubbles, or two grealy ones, run to=
wards cach other. As to -clean Bubbles, we
have juft given the Reafon; when they are made
grealy, there is a Cavity round each of them s

1 and
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and where the Cavities join, the Preffure is dimi-
nifh’d, and the Bubbles run that Way.

If one Bubble be clean, and the other greafy,
they fly from onc another, for the Reafons before

1t o § A

The Particles of any Salts attra& one another 43
with a very great Force, as appears by feveral
Experiments: The following will be fufficient to
prove, that that Attraftion exerts it {elf at a very
fmall Diftance, and the repellent Force at a
sreater.

Experiment 14.] Dillolve Salt in Water, and,
when that Water is reduced into Vapour, the
fmall faline Particles will unite together and
form greater Lumps; which proves the Attra-
£tion.

Thefe Particles are all equal, and of the fame
Figure: Whence it follows, that the leaft Parts,
of which they are form’d, had every where the
fame Situation in refpe& to each other; that is,
were every where diffufed in the Water at equal
Diftances ; which cannot be, unlefs they all repel
one another with equal Forces.

The Elafiicity of Bodies, namely, that Property
whereby they return to their former Figure, when it
bas been alter’d by any Forcey is eafily deduced from
what has been faid: For if a compatt Body be
dented in without the Parts falling into that Dent,
the. Body will return to its former Figure, from
the mutual Attraction of its Parts.

We fhall alfo in its proper Place fhew, that4f
that Property of the Air, which is call’d its £la-
Siicity, arifes from the Force whereby its Parts re-
pel one another.

And left any one fhould imagine, becaufe we 44
don’t give the Caufe of the faid Attra&ion and

C Repul-
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Repulfion, that they muft be look’d upon as sc-
cult Qualities : We fay here with Sir Jfaae New-

1, © That we confider thofe Principles not as
occult Qualities, which are fuppoled to arife
from the {pecifick Forms of Things; but as u-
niverfal Laws of Nature, by which the Things
themfelves are form’d: For the Phanomena of
Nature thew that there are really fuch Principles,
tho’ it has not been yet explain’d what their
Caufes are. To affirm that the {everal Species of
T hings have occultfpecifick Qualities, by which
they aét with a certain Force, is juft faying no-
thing. But from two or three Phanomena of
Natute to deduce general Principles of Motion,
and then explain in what Manner the Properties
and Aétions of all things follow from thofe
Principles, would be a great Progrels made in
Philofophy, tho' the Caufes of thole Principles
thould not yet be known.
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P AR-T o .
Of the Motion of Solid Bodies.

G HAPT VL

Of Motion iz general s where we fhall [peak
of Place ard Time,

HE Subjec we are now entring uponhasa
large Scope in Phyficks: All that happens
in nataral Bodies belongs to Motion, and even
what has been faid of the Cohefion of Parts, has
a Relation to it: For though the Parts are not
moved in their Cohefion itfelf, yer that Cohefion
cannot be explain’d, nor can what is faid ahouc it
be confirm’d by Experiments, without Motion.
Motion is a Tranflation from one Place ta ano- 47
ther Place, o7 4 continual Change of  Place. Every
Body has an Idea of it; and Philofophers have in
Vain laboured to find a Definition of the fimple
dea, and proved with a great deal of Pains, thar
One may come to be ignorant of a Thing, which
Stherwife every Body knows.
Place is the Space taken up by a Body 5 of which 48
May be faid, what has juft been faid concerning
Lotion.
It is Twofold; Zrue or Abfolutey and Relative.

Dertnrrion I
True Place is that Part of immoveable Space, 5
%hich 5 Body takes up. '

oz Dzri-
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Derinirron IL

Relative Place, which only can be diftinguifh’d
by our Senfes, is 7he Situation of @ Body in re/pett
of other Bodies.

True Place is often changed, whillt relative
Place is not, and fo reciprocally.

W hence arifes a True and Abfolute Motion, and
another Sort call’d a Relative Motion.

W hilft 2 Body moves, Time goes on.

Time alfo is Twofold; Zrue or Abfolute, and
Relative. ‘

Z3ue Time has no Relation to the Motion of
Bodies, nor to the Succeflion of Ideas in an Intel-
ligent Being, but by its Nature it always fHows

Ty
cquah ¥.

Derinition IIL
Relative Time is Part of the irue Time mea=
fured by the Motion of Bodies and this is the only

Time that our Senfes perceive.
All Motion may become fwifter, as likewife a

Body may move {lower than it did before; and
it is very likely that there is no Motion of Bodies
wholly ‘equable; whence it follows, that relative
Time diﬂgiers from #rwe Time, which never flows

fafter nor flower.

z

DerinNiTioN IV.

That Affection of Motiony by which a Bedy runs
thro’ @ certain Space in o certain Timey is call'd
Celerity or Velocitys which is greater or lefs, ac-
cording to the Bignefs of that Space, to which it
is always proportionable. ‘

§3

DerINITION V.,

The greater Force is imprefs'd upon 2 Body

to make it change its Place, the greater is it
Motionj

54
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Motion; and that Force is called the Quantity or
Momentum of Motion.

DeriniTion VI.
The Diretion of Motion 7s iz a Right Liney 55
which we fuppofe drawn towards the Place where the
wmoving Body tends.

Derixinron VIL
A Power is any. Force atting upon a Body to §6
move if.

DeriNiTion VIIL

The Greatnefs of that Force is call'd, the - 7
tenfity of the Power.

GH AP Y.
Of Motions compared together.

AXITO MS,

I

'HE Quantity, or Momentum of antion,f
Jollows the Proportion of the Caufé producing
the Motion.

II.

The whole Effects of Mations, produced at the
Jame Time, bave the [ame Relation to each other, as
the Momenta of rhofe Motions.

If two equal Motions aét in a contrary Direition, 6o
they deftroy each othery and the one can never over-
Come the other,

. Bodies in Motion may differ in two Refpeds,
Slther in Relfpeét to the Quantity of Matter in
“ach, or in Refpe& of the Space gone thro’ in
"B fame Time, that is, in Relpelt of the Velo-
Sy, * and there is no other Difference: Thefe -
C3 two o'
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two Things therefore, and only thefe two, are to
be confidered in comparing of Motions.

W hen the Velocities are equal, nothing is to be
confidered but the Quantities of Matter; and if
it be double in one Body, the Quantity of Moti-
on in that Body will alfo be double 5 becaufe fuch
a Body is made up of two Bodies, each equal to
the leaft Body, and moved with the fame Celerity
as the lictle one.  The fame may be faid of all o-
ther Reelations between two Bodies; whence we de-
duce this general Rule:

62 In cqual Bodies that move with the [ame Pelocity,
the Quantity of Motion is as the Quantity of Matter
in each.

When the Quantities of Matter are equal,
the Velocities only are to be confidered: And
then

63 In equal Bodics, the Momenta are as the Felo-
cities: ‘That is, as the Spaces gone thro® in the

#s3. fame Time*, For the going thro’ thofc Spaces

are the whole Effeéts of the Motions produced in
that Time, and are to one another as thofe Spaces;
therefore the Momenta allo are in the fame Pro-

#. portion. * ‘ '

! In order to determine the Relationbetween two
6.4 Motions, awhen the Velocities are unequaly and the
Bodies different in Quantity of Matter 5 you muft
find two Quantitics that ave 1o one ansther as the

Maffes ond as the Pelocitics.  Multiplying the Velo-

cities of each Body by its Mafs or Quantity of Mar-

tor, the Produfts will be to each otber in the faid
Proportion. '

When for Example, the Velocity §s double,
and the Mafs triple, a double Quantity of Mo-
tion muft be tripleds therefore it will be fextu-
ple: This is the Cafe when in one Body the Ve-
locity is two, and four in another; and the
Mafs of the firft Five, the Mals of the other !)eé

in
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ing Fifteen s multiplying each Mafs by its Velo-
city, the Produéts are 10 and 60, the laft of
which is fix Times the firft.

This is called a Ratio, compounded of the Ra-
tio of the Maffes and the Celerities.

A greater Body may move more flowly than a
lefs, in fuch a Manner, that the lefler Body may
have an equal Quantity of Motion with, or a

reater than the other.

When the Pelocity in the leffer Body is to the Pelo- 6
city in the greatery as the Mafs of the greater to the
Mafs of the leffer; the Quantities of Motion are
equel in the two Bodies.

As much as the Quantity of Motion in the
leffer Body is lefs, in Refpeét of its Mals, fo much
is it greater, in Refpedt of the Velocity: W hence
an Equality arifes. Likewife in that Cafe, the
Produéts of the Mafls of each Body by its Velo-
city are equal ; and the Celerities are faid to be in
an inverfe Ratio of the Mafles, or reciprocally as
the Maffes.

When [uch Momenta of Motion ail conRtrariwife, 66
they deflroy each other.® *6o.

CHAP VIIL
How to compare the Attions of Powers,

HE A&ions of Powers, atting upon Bodics,

may be compared together, in the fame
Manner as the Quantities of Motion; and the
iame Rules ferve for both.

We thall hereafter fhew, that a Body once in
Motion will continue in that Motion, tho’ the
Caufe that firlt gave ir, ceafeth: So thatif a Body
fhould be continually aéted upon by any Power,
the Motion would become {wifter every Momenr.

C 4 We
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We do not here confider fuch an Action of
Powers; but we take notice only of Powers that
adt againft an Obflacle, in fuch Manner, that by
the Refiftance of the Obftacle the Action of the
Power is continually deftroyed, which is to be
obferved; for in another Cafe, the following De-
monftrations do not obtain. W hen therefore we
fpeak here of an Obflacle to be removed by any
Power, we fpeak of the greateff Obftacly that can
be moved by that Power; for otherwile the Ob-
ftacle would not deftroy the whole Aétion of the
Power.

The Aétions of Powers may differ from one
another, both in refpect of the Greatnefs of the
Obiftacles, and in Refpeét of the Spaces run thro®
by the Obftacles; (that is, by the Points to
which the Powers are applied:) Thefe two
"T'hings alone arc to be confider'd in comparing of
Powers.

The Obftacles, which may be removed by
Powers, are to one another as the Intenfities of

*57.the Powers.*
From whence it follows, zhat the Aftions of
67 Powers, equal in their Intenfitiesy are to one another
as the Spaces ran thro’.  For they only differ in
that Refpect, becaule the Obitacles are equal.
68  When the Spaces run thrd’ are equaly thofe Adti-
ons are as the Intenfitics.

When both the Spaces run thro'y and the Dnien-
fities, aze differenty the Aitions of the Powers are to
ope anothery iin a Ratio compounded of the Intenfities
aud the Spaces gone through,

7o When the Spaces gone thro’ are in an inverfe
Ratio of the Inteafiries, the Altions are equal.

DEFINITION.
We call the whole Force of Power its Aitiony in

I ‘
7 Re/pest ro Time; and therefore the whole Forces
of
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of Powers are to one another, as the A¢tions pro-
duced in the fame Time.

Thefe Things may be demonftrated in the fame
Manner, as what has been faid in the foregoing
Chapter.

CHAP IX,
Gencral Things concerning Gravity.

PHENOMENON L

L L Bodies near the Earth, if binder'd by no 72
Obfiacle, are carried towards the Earth.

DerinitTion L

The Forcey, by which Bodics are carvied towards73
the Earth, is called Gravity.

Derinirion II.

That Forcey in Refpect to a Body aited upon by ity 74
is call'd the Weight of @ Body.

PHENOMENON IIL
The Furce of Gravity aéls equallys and every Mo~T75
ment of Time, near the Earth’s Surface.

There is indeed a fmall Difference of Gravity
in different Countries, which we fhall take No-
tice of hereafter, bur it is too fmall to be confider-
ed here, efpecially becaufe it is wholly infenfible
in neighbouring Countries.

When the Defcent of a Body is hinder'd by an 76
Obfiacle, it continually prefles that Obitacle e-
qually, tending towards the Earth’s Center ; there-
fore 1t may be look’d upon as a Power alting up-
on an Obftacle; and therefore what has in the
foregoing Chapter been demonftrated, concerning

owers, does obtain here allo,

PHEN O-
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PHENOMENON IIL
Bodies which defcend by the Force of Gravity, (if
all Refiflance be taken off ) fall with the fame Velo-
¢city.  Which is prov'd by an

Experiment. | Pump out the Air from the tall
Recipient A B ( Platell. Fig. 1.) which is made
upof two Glaffes, and is about three Foot high:
Then from the Top of the GlaG within, by mo-
ving the Handle C D, let fall 2 Piece of Gold and
a very light Feather juft at the fame Time, and
they will always come down to the Brafs Plate of
the Pump upon which the Receiver ftands, at the
{ame Inftant of Time.

For making the Experiment readily, the To
of the Recipient is cover'd with a Brafs Plate
laid upon it. A thin Plate, bent into the Figure
E, is fixed to the covering Plate at ¢, by Help of
two Screws H, that go thro’ two lefler Plates,
one of which you fee at gf, and are joined to the
other Plate E.

"The Ends of the Plate {pring together, and (o
hold the Feather and the Gold, whilit the Recei-
ver is exhaufting.

A Brafls Wire runs thro’ the Cover, which, by
Means of the Handle C D, may be turned round
without admitting the external Air; which we
thall explain, when we come to fpeak of the Air-
Pump.

‘T'he Wire goes thro’ an Hole in the upper Part
of the Plate ¢, and the End of the Wire, which
comes down between the fpringing Plate, may be
feen av L: It is fquare and hollow, that the Oval
Plate 1 may be joined to it.

You muft obferve, that the {mall Diameter of
the Oval be fmall enough for this little Plate to be
contained between the SpringsE, when their Ends
come together.

£ Now
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Now when the Brafs Wire, and by it the Plate
17 is turned round; by Reafon of the Difference
of Diameters in the Oval, the Ends of the
Springs open; and then the Bodics, that are fuf-
pended, are let go at the fame Moment of
i1mec.

The fame Phanomenon is alfo deduced from
another Experiment, which we fhall mention
hereafter. * * 160

Hence it follows, that Gravity in 4l Bodies, 79
that is, their Weight, s proportionable 1o their
Quantity of Matter.* *62

Thercfore all Bodies confift of Master that is 80
equally heavy; and the Reafon that Bodies do not
appear equally heavy, is becaufe {ome have more
Matter than others under the fame Bulk j that is,
in the fame Space.

When Weight is confidered as a Power, the 81
Intenfity of the Power is proportiomal to the
Quantity of Matter in the heavy Body; and the
Direétion of the Power is towards the Center of
the Earth.

CHAZP X

Of the fingle Pulley , Balance, and of the
Center of Gravity.

DeriNiTriOoN. L
Sinple Pulley is & litele Bhecl ngveable about Bz,
| its Axisy over which goes a drawing or rin-
ning Rope, dce (Plate 1. Fig. 10,)

By this Engine, the Diretion of the Potver is
changed, neither is it of any otherUle when fix'd;
for inthat Cafe, #f the Force of Power apply’d to the 83
drawing Rope, as M, beequal to theObfiacke P, it ba-
bazies that Qbftacle® 5 for in that Gale the Power caw't *73

' move,
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- - sove, unlefs the Obftacle does at 'the fame Time go
through an equal Space.
{ o e 1 aw
Weights are found, that is, the Quantities of
*79 Matter in Bodies are compared together *, by a
Balance, or aPair of Scales, which is a well known
Inftrument.

DeriNITION. I

84 'The Axis of a Balance is'zhat Line about which
the Balance movesy oF vather tarns round.

Derinition IIL

8 W hen we confider the Length of the Brachiz,
or of the Beam, then the Axis is to be looked
upon as a Point, and called #be Center of the Ba-
lance.

Derixnition IV.

! We call Points of Sufpenfion, or Application,
thofe Points where the W eights really ave, or from
avbich they bang freelys or the Scales in which the

' Weights are placed.

Concerning this Machine, we are to obferve,
8~ . That the Weight docs equaily prefs the Point of
Sufpenfiony at whatever Height it hangs from ity and
in the fame Mauner as if it was fixed at that very
Point.
Forthe Weight, at all Heights, equally ftretches
*74,75 the Rope by which it hangs.* This is alfo praved
by
Experiment 1.7 In theBalance A B, the Weight
P, by Means of theRope BD (Plate11. Fig. 2.7

is fulpended at different Heights: And the Pofi-
tion of the Balance is not changed by i,

The
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The Aition of a Weight to move a Balance is by 88
[0 much greater, as the Point preffed by the Height

is more diftant from the Center of the Balances and
that Afis follows the Proportion of the Diflance of

the faid Point from that Center.

W hen the Balance moves about its Center, the
Point B deferibes the Arc B4 (Plate 11. Fig.3.)
whillt the Point A defcribes the Arc A, which
is the biggeft of the two; therefore, in that Mo-
tion of the Balance, the Aétion of the fame Weight |
is different, accordingto the Point to which it is |
applicd, and it follows the Proportion of the
Space * gone through by that Point: At A there- *67,76
fore itis as Aa, and at B as B#3 but thofe Arcs .
are to one another, as CA, to CB.

Experiment 2.7 The Brachia of the Balance AB
(Plate 11. Fig. 4.) are divided into equal Parts 3
and one Qunce applied to the ninth Divifion from i
the Center, is as powerful as three Ounces at the
third; and rwo Qunces at the fixth Divifion act
as ftrongly as three at the fourth, €&¢.

The Conftruétion of a Balance, for this and
foms other following Experiments, is plain
enough from the Figure, adding to it what i
{aid at Numb. 1o2. Hence it follows, that the
Aétion of a Power to move a Balance is in a
Ratio compounded of the Power it felf, and its
Diftance from the Center*; for that Diftance is* 69
as the Space gone through in the Motion of the
Balance.

Derinition V.

A Balance is [aid 1o be in Aquilibrio, when the 89
Aétions of the W eights upon each Brachium, to move
the Balance, are equals [o that they mutually de-
Jiray each other ; as appears by the foregoing Ex-
periment.

Deri-
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DerinNiTiOoN VI.

When a Balance is in quilibrio, the Weights
on each Side are {2id to wguiponderate.
90  Unequal Weights can equiponderate.  For this,
it is requifite, that the Diftances from the Center
¥89,70 be reciprocally as the Weights. * - In that Cafe, if
cach Weight be multiplied by its Diftance, the
Produéts will be equal.

. Experiment 3.] In the above-mentioned Balance
( Plate 1X. Fig. 4.) one Ounce at the Diftance of
the ninth Divifion from the Center, quiponde~
rates with three Ounces at the third Divifion.

ot The Steel-yard, or Staters Romana, which
weighs every Thing with one Weight, is made
upon this Principle.

Experiment 4. The Steel-yard AB (Plate 11.
Fig. 5.) has two Brachia very unequal; a Seale
hangs at the {horteft; the longeft is divided into
unequal Parts: Apply fuch a Weight to it, thar,
at the firft Divifion, it fhall xquiponderate with
one Ounce laid in the Scale; then the Body to be
weighed is put into the Scale, and the aboye-
mentioned Weight is to be moyed along the
longeft Brachium, till you find the Aquilibrinm 4
the Number of Divifions, between the Body and
the Center, thew the Number of Ounces that the
Body weighs, and the Subdivifions the Parts of
an Qunce.

i 92 Upon this Principle alfo is founded the deceit-
ful Balance, which cheats by the Inequality of the
Brachia.

Experiment ¢.7] Take two Scales of unequal
Weights, in the Proportion of o to 1o ( Plare T11.
Fig.1.) and hang one of them at the tenth
Divifion
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Divifion of the Balance above defcribed, and the
other at the minth Divifion, fo that there may be

an Aquilibrium: If then you take any Weights,
which are to one another as © to 10, and put the

firft in the firft Scale, and the other in the other
Scale, they will zquiponderate.

Several Weightsy banging at [everal Diffances on 93
one Side, may equiponderate with a fingle Weight on
the other Side. 'To do this, it is required, that the
Produé of that Weight, by its Diftance from the
Center, be equal to the Sum of the Produtts of
all the other Weights, each being multiplied by
its Diftance from the Center.

Experiment 6. Hang three Weights of an
Ounce each, at the {econd, third and fifth Divi-
fions from the Center, and they will quiponde-
rate with the Weight of one fingle Ounce appli-
ed at the tenth Divifion of the other Brachium
(Plate 11. Fig.6.) And the Weight of one Ounce
at the fixth Divifion, and another of threc Cunces
at the fourth Divifion, will zquiponderate with 2
Weight of two Qunces on the other Side at the
ninth Divifion.

Several Weights, unequal in Number, on cither
Sidey may equiponderate. In that Cafe, if each of
them be mulriplied by its Diftance from the Cen-
ter, the Sums of the Produts on either Side will
be equal; and if thofe Sums are equal, there will
be.an Aquilibrium,

Experiment 7.1 Hang on a Weight of two
Ounces ( Plate I1. Fig. 7.) at the fifth Divifion,
and two others, each of one Qunce, at the fecond
and feventh; and on the other Side hang two
Weights, each alfo of one Qunce, at the ninth
and tenth Divifions; and thefe two will quipon-
derate with thofe three,

‘ DeFi-
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.D‘EI’INITION VII.

The Center of Gravity is @ Point in a Body,
about which all the Parts of the Body (whatever
Pofition it 15 in) are in =quilibrio.

98 When two or more Bodies are joined, whether
they are contiguous or feparated, they have a com-
mon Center of Gravity.

When the Center of Gravity is fuftained, the
Body remains at reft. _

Experiment 8.1 TheBody A ( Plate 111, Fig.2.)
is fultained and at reft, becaufe its'Center of Gra~
vity. is [uftained by the Prop F.

When the Center of Gravity is not fuftained,
the Body moves till that Center comes to be fu-
ftained.

Experiment 9.] The Body A, laid upon the
Table, will fall, and the Body B will not remain
in its Pofition, becaufe their Centers of Grayity
are not fuftained.

99 ‘Hence may be known, why fome Bodies, laid
upon inclined Planes, will roll off, whilft fome
only {lide off.

Experiment 10.]7 The Body A flides, becaufe
its Center of Gravity is fuftained by an inclined
Plane; (Plate III. Fig. 4.) that 15, the Vertical
Line, which goes through that Center, ¢, cuts
the inclined Plane within the Body. But the Bo-
dy B rolls, becaule the Vertical Line, thro’ its
Center of Gravity, cuts the inclined Plare with-
out the Body.

100  From what has been faid it follows alfo, that a
Body defcends, when its Center of Gravity de-
fcends, that is, is moved towards the Center of
the Earth,

Some-
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Sometimes in that Cafe a Body feems to afcend,
od oftentimes it docs really afcend; but as all
Bodies defcend by Gravity, that is, their Centers
of Gravity defcend; it follows; thata Body {eems
to afcend by its Gravity, and can really alcend.

Experiment 11.] The Wheel A (Plare 111 Fi.
6.) whoie Axisis made of two Cones, the Bales
of which join to the Wheel, when put between
two Planes, whofe Sides D G, ¥ H continued, make
the Angle FCD, which has the Bafe, (fuppofing
2 Triangle made) higher than the Vertex, will
from HG, the lower Part of the Planes, roll to-
wards F D, the higheft Part of the Planes.
By reafon of the greater Diftance between the
Planes at ' D, the Wheel A, whofe Axis is a Cone
both Ways, defcends more between the Planes,
when it moves towards that Part, and is fo car-
ried thither by its Gravity, provided that Defcent
be greater than the Afcent from the Inclination of
the Angle FC D with the Horizon.
; 12. ] The Wooden Cylinder A
(Plate I11. Fig. y.) has within it, near the Side,
4 Leaden Cylinder; their common Center of

favity is in a Seétion parallel to the Bafe,
Which divides the Cylinder into two equal Parts,
and in a Point anfwering to the Point ¢ of the
Bafe. 3

Whatever Pofition this Cylinder be laid in, it
Will move until the above-mentioned Center of
tom‘f‘ity be in the loweft Place which it can come

Experiment

_IF it be laid upon an inclined Plane, in the Po-
1tion defcribed in the Figure; the Center of Gra-
Vity will defcend whillt the Body rifes ?.](Jng the
lane, if it be inclined in a fic Manner.

D The




1oz That a Balance may be perfe&, it is required,
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The Body afcends by rolling towards the up-
per Part of the Plane, but care muft be taken,
that, whilit it is endeavouring to roll up, it does
not flide down along the Plane; and therefore
you muft ule a Rope, which goes in part round
the Cylinder; one End of which is joined to the
Cylinder at f, and the other is fixed to the Plane
at d.

From what has been faid of the Center of Gra-
vity, it is farther deduced, that whatever Point
of 2 Body or Machine {uftains the Center of Gra-
vity of any Weight, that Point {uftains the whole

Veight: So that the whole Force, by which any
Body tends towards the Earth, is, as it were, col-
lected to that Center.

Experiment 13.] If the Body AB (Plaze T1L
Fig. 7.) whole Center of Gravity is laid upon the
Brachium of a Balance, does in any Pofition
aquiponderate with any Weight P it will in
any other Pofition, as @ 4, @ b, =quiponderate
with it, provided the Center of Gravity be flill

at C.

d

r. That the Points of Suf"penﬁon of the Scales
or Weights be exactly in the fame Line as the
Center of the Balance. 2. That they be precifely
equidiltant from that Point on either Side: 3. That
the Brachia of the Balance be as long as they
convenicntly can. 4. That there be as little Fri-
&ion as poflible in the Motion of the Beam and
Scales. 7. Andlaftly, thar the Center of Gravi-
ty of the Beam be placed a little below the Center
of Motion.
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Book 1. of Natural Philofoph-
CHAP Xi
Of the LEVER.

DeriNiTioN T,
Lever is called by M’z*’unmtmmn an in-
ﬂf’.@u.fr:’f\i’ffth-.,m? sde uife of toraife f, eights,
either weighing nothing izfelf, or of fuch Weio zht as
2 }b ba f‘(’h ’( |[u""’ IV JL"" I.)
It is the firft of thof that we call Svmlc Ma-
chines {or Mechanical Powers) as being the moft
ﬁm')le of all; and it fer 'ves, when ‘u‘furrTLs arc to
be raifed but to a fmall Hunlu
There are {om other Slmplﬂ Machines, which
We fhall treat of in the three follow InfTC‘ﬂpLﬂw
Concerning the Lever, three things are to be
CO@ﬁUf"c:i
The Weight to be raifed or fuftained, as P.
2. Fln Power, by which it is to be nmd or
finm*ed wlnch here i reprefented by the Weight
» tho’ commonly it is the A&ion of a Map.
3. The Fulorum, or Prop, by which the Lever is
Uhuncu or rather on which it moves round,
whilg tl faid Point F remains fixed.
J he Lever is three-fold.
- Sometimes the I“n!uum is placed between
Ehe ‘.Vc; ght and the Power. (Plaze 1V. Fig. 1.)
24, bn'nct.mcs the Weight is between the Ful-
Crum and the Power. [PIJH. IV. Fig. 2.)
3. And often allo the Power a&ts thwecn the
Weight and che Fulcram. (P], e IV. Fig.3.)
he fame Rules ferve in all thefe C.J.iu, which
folloy from what has been faid of the Balincc*:
nd this fhews the Amnalogy between the Lever
nd the Balance. The Lever of the firft Kind is,
A1t were, 2 Steel- yard to raife Weights,
The ’]f,zm UI a Power and the K" iflance of the
Feight ; ticreafe, in proportion to their D/, a'_/':ra;ﬂf

%
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*gg the Fulcrum®; and therefore, that a Po ay
be able to [wfain a Weight, it is requived, that the
it 15 ap-

Diflance of the Point in the Levery fo

lied, be to the Diffance of 1he I eightyas the Wei

*qo to the Intenfity of the Power™; whichy if it be ever
" o little increafed, will raife the I eight.

[ A3
it

Esxperiin. 15 2 and 3.] This Rule is confirm’d
by Experiments, in refpect of the three Levers,
as it appears from the firft, fecond and third Fi-

ares of the fourth Plates for there is an Equi-
librium, when the Weights P, and the W eights

M, which reprefent the Powers, and alfo the Di-

{tances from the Fulcra, bear thofe Proportions to

ach other, as the Numbers written in the Figures
exprefs. A Sight of the Figures o plainly thews
the Conftrution of the Machines wherewith the

Experiments are made, that a farther Explanation

would be needlefs.

Workmen alfo make ufe of a Lever to carry
Weights; and there are feveral remarkable Cafes
of thofe Levers, the Demonftration of which may
be deduced from what has been faid. i

In all Cafes this is generally to be obferved, that
the Intenfity of the Powers of the Intenfities of the

Povers taken all together (when there ave more that
oe) muft actas firongly asthe Gravity of the Weights
to be carried or [uftained.

o7 Ifa Weight is to be carried or fuftained by
two Powers, it muft be placed between the two
Powers, and the Diftances of the Powers on each
Side of the Weight muft be in an inverfe Ratio of
the Intenfities of the Powers.

106

Experiment 4.] This Propofition 1s confirm’d by
the Experiment of Fig. 4. which requires no far=
ther Explanation.

Expes
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Expeviment 7] Whea two Weights are to be ;4

fuftained by one Power, that Power muft be placed
between the Weights; and then what has been
faid before of the Powers, muft be applied to the
Weights. Sce Fig. 1. Plate V.

Several Weights are often carried or fuftained

by one or more Powers. In which Cafes it is 1o

to be obferved, that all Weights, in whatever Po-
Sitiony bave.one common Center of Gravity; which
Center is fuch, thatif, on either Side, each Weight
be multiplied by its Diftance from that Point,
the Sums of the Produs on each Side will be
equal.*

Let the Powers alfo be difpofed in any Pofition,
: o, £

they bave a common Center of Gravity; for they

may be reprefented by Weights*; and here the

Intenfity of each Power is to be multiplied by its
Diftance from the Center, and the Sums of the
Produéts will then be equal on both Sides: Zhas
the Powers may be able to [uftain the }F ‘eights, it is
required that the Center of Grawity of the Powers
and the Weights be the fame.

Experiments 6, and 7.] What has been faid fuf-
ficiently explains the Figures, (Plate V. Fig. 1,
and 3.) where C denotes the Cenrer of Gravity
common to the Weights and the Powers.

Experiment 8.] What has been faid is true, if
the Lever is drawn (Plaze V. T ig. 4.) by Powers
on cach Side; which we fee in the Lever of Fig. 4.
Which is drawn horizontally on each Side; wl
thﬁ /Equilibrium only dependsupon what has been
aid down in the Rules above-mentioned.

We may alfo make ufe of a compound Lever
*or raifing Weights: In which Cafe, inftead of
# Power, a fccond Lever i applicd to the firft,

3 and

1"
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and a third to that, and fo on as rar as you will,
and a Power 15 applied to the laft Lever; and
then the Rario of the Power to the [Veight (when
it {uftains it) is ed of the Rati's of the
Power to the .f eaghts in each Levery awhen they are
£5n¢{£rjuﬂl.z ralke !_} 7

Experiment 9.] The three Levers A, B, D, "
are {o difpofed (Plate IV. Fig. 5.) that *hc Powcr
M in’n ns the Weight P. In the Lever A, if
it were uled {ingly, the Power would be to the
‘wuunr as 1 to y; the Lever B, as 1 to 4; and
in the Lever D, as 1 to 6. The Ratio, com-
pounded of all th {b, i1s a5 1 to 120. For one
Oume M does here fuftain the Weight P, of
120 Qunces. Ohlcnr‘ that in the Monm] of
this Engine, the Spaces gone thro’ by the Weight
and the Power are to one another, 4s 1 to 1203

that is, in the [aid inverfe Ratio, which is requir'd
*#70 to make an AEquilibrium.*

CHAP XII
Of the Axis in Peritrochio, and Wheels
+ with Teeth.

FEYHE Lever, as was faid in the Beginning of

, tnuougmm{hup*m {ervesto raife Weights
toa {mall Height; when they muft beraifed higher
we ufe an Asis in Peritrochio.

DeriNITION

We call Axis in Peritrochio, a ZPhee] whizh
ft.r?n taget! her with its Axis. (P]ﬂz’., V. Fig. v.)

The Power in this Machine is 1pphc‘d to the

Circumference of the Wheel, by whofe Motion

aRope that is tied to the W ught, is wound about

the Axis by which the Weight is raifed.

11z

Let
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I.et ab be the M"h;u, (Plate V. j de

the Axis, p the Weight to be raifed, s rf 1e Pow-

er; as the Wheel is Hl(hgd by lllL Power, the

Points & and & delcribe fimilar s

the Ways of the Power and the W

| _-. A
a .'7.1'\..‘-‘. are

, and are

to each other, as cb to ¢4, that is, as the Diame-
ter of the Wiheel to the Diameter of the Axis;
whence the following Rule is dﬂ. ced.

The Power has the greater Fi 3
}‘? I .ui AT ‘1-"‘.\ _{1\.»—.[‘2/' EFICT {

as the Hheel's Diameler

il the lefs as ;rv)mee“" aF

ey (),{ f' f'\‘."\
wm between the el :
e that the Dig vantel
rof the Axi
the Power to the I eight . %
It is to be obferved, that you muft add the
Diameter of the Rope to that of the Axis.

Experiment 1 _] This Rule is varioufly confirm’d
(Llate V. Fig.v.) by help of the Machine here
reprefented. W hcn the Axis is the twelfth Part
of the Diameter of the Wheel, half a Pound fu-
ftains fix Pounds; and {o on.

The Power alfo may be applied to an Handle or
Spol\c as at D, and then Lhc !).1.1:1:: of the
Point to which it is 17“11_1 con’d from thc
Center, muft be look’d upon as hh Wheel's Se-
mid lameter.

The Wheels, that have Teeth, workin the fame
Manner asthis \LLh ine; they b- ing, in rc {"'u of
the Axis in Peritrochio, what the compound Le-
ver is, in refpec of the fimple Lever.

If the Axis of the Wheel has Teeth allo, it 114
ferves to move a \Vhed, 'v:-m‘-*f ircumference has
Teeth; and this Axis of the laft Wheel mey

D4 again
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\o3in communicate Motion to a third Wheel, and
{o on. In that Cafe, zhat the Power may ;

be Weinlit, its Ratio to the WV eight is componided of

c the Digmeter of the Axis of the laft
Diameter of the firfly and the Ratio

; £ the laft VT to the Revolu-
(asne Time

¢ (e Time.

on of which Rule is allo de-

' it

Jorgs
The Demonitrati

daced from the Comparifon of the Ways run thro’
by the Weight and the Power. (Plate V.- Fig.7.)

Esperiment 2.7] Let the Power reprefented by

the Weight M be applied to the Wheel A B, and
the Weight P to the Axis of the Wheel F G, the
Diamerer of that Axis is the eighth Part of the
Dizmeter of the Wheel AB, and this Wheel

* 82

Ily

gocs round five Times, whillt the Wheel FG
goes round once: Therefore the Ratio of the
Power to the Weight is compounded of the Ra-
tio’s of 1 to 83 and 1 to §: Therefore it is the
Ratio of 1 to 403 half a Pound in this Cafe fu-
faining 20 Pounds.
CHAZP XIL
Of the PULLEY:
N feveral Cafes, where the Axis in Peritrochio
cannot conveniently be applied, Pullies muft
be made ufe of to raife Weights; a Machine made
by combining feveral of them, lies in a lirtle Com-
»afs, and is cafily carried about.
W hat a Pulley is, has been already explain’d. *
1f the Weight be fix’d to thePulley, fo that it
may be drawn up along with it, each End of the
drawing or ranning Rope fuftains half the Weight.
Therefore when one Lnd 15 fix’dy either to a Flook, or
any other Way, the moving Force or Power applied
#0 the other End, if it be equal to half the Weighty
awill keep the Weight in MEquilibeio.

Expe=
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; il e faft the Weight P of two

E.‘(ji rii 1. |1 crait t
Pounds to aPulley (Fig.tv. Plate V1.) yet {o that
the Wheel or Sheave may not be hindered from
turning tound; let one Part of the Ropeef be
tied to 2 Hook 3 and the other End ¢d go round
the fix'd Pulley, to change the Direction, * the * g3
Weight M of onePound, fix'd to this End of the
Rope, will fuftain the Weight P.

Several Sheaves may be joined in any Manner, 116
and the Weight be fix’d to them; then if one End
of the Rope be fix'd, and the Rope goes round
all thofe Sheaves, and as many other fix’d ones as
is neceffary, a great Weight may be railed by a
fmall Power: In that Cale zhe greater the Number

of Skeaves fix'd in a moveable Pullcy or of moves
able I/ beels, (for the fix’d ones do not change the
A&ion of the Power *) /o much may the Power * 83
be lefs, which fuffains the Weight 5 and a Power
: 15 e W eighty as the Nuwber One to twice
the Nusber of the Sheaves, will (uftain the Weight.
The Reafon is, that the Number laft men-
tioned is the Number of the Ropes that {uftain
the Weight, and the Power is applied only to one
Rope.
N. B. The Workuen in England call aBlock, #he
Box op Picce of Wood that has one or feveral W beels

init 5 and thofe IWheels, Sheaves or Sheevers.

iment 2] Hang the Weight Pof 6 Pounds
to the Piece AB (Phate VI. Fig. 2.) 10 which
three Sheaves turn freely round. Let one End of
the Rope be faften’d to an Hook, and let the
Rope go round thofc three Sheaves, and three
other fix’d ones: One Pound, fix’d to the other

e
B

End of the Rope, will make an A.quilibrium.

Experiment 3, and 4.7 The different Make of

i-"‘f: Pulli . = r R

he Pullies, or the different Way of joining the
Sheaves
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Sheaves together, makes no Alteration; the laft
Sort is not very convenient for raifing Weights,
and therefore Workmen rsake ufe of unequal
Sheaves, joined together in the manner reprefeated
in Fig. 3.3 for the different Bignets of the Sheaves
makes no Alteration. Oftentimes all the Sheaves
move round the fame Axis, as in the 4th Fig. and
{o the Pullies lie in the leaft Room. Now in
both thele Cafes the Esxperiments anfwer as be-
fore.

W hen the End of the Rope, which in the fore-
going Experiments was fix’d, is joined to the
Weight, or to the movcable Wheels, then the
Ratio of the Power to the Weight is no longer,
as one to twice the Number of the Sheaves joined
to the Weight; but this double Number muft be
increafed by 15 and then, where two Sheaves are
joined to the Weight, the Ratiowill be as 1 to 15
for there are juft {o many Ropes, which {uftain the
Weight. See (Plate V1. Fig. 5.)

11y Experiment §. ] If feveral moveable Pullies

with one Wheel in each, and each having its own
particular Rope, be difpofed in the manner re-
prefented in Plate VIL. Fig. 1. the Aétion of the
Power will be very much increafed ; for every
W heel doubles it, and therefore it is four Times
greater with two Wheels, and eight Times great-
cr with three, and fo on.

The Rule above-mentioned, (namely, that the
Spaces gone thro’ by the Power and Weight,
when they balance each other, are to one another
inverfely as the Power to the Weight,) may be
applied in all the Cafes above-mentioned.

Here we always [uppofe the Ropes parallel; we
fhall hereafier fhew what Difference is made by
the Obliquity of the Ropes.

CHAP.
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CHAP XIV.
Of the WEDGE and SCREW.

Rom what has been faid, it plainly appears,

how great a Weight may be faftained, or
even raifed, by a little Powers but thofe are not
the only Ways of producing the fame Effeét. Me-
chanicks are not confined only to thofe Methods;
the Actions of Powers may be increafed in all
Cafes: A very good Inftance of it appears in the
#edge, which 1s contrived for cleaving Wood,
and alfo ufeful in {everal other Cales.

DeriniTion L
A Wedgeis a Prifin.of a finall Height, whofe Ba-
fe5 are equicrural Triangles, as A, Plate V1. Iig. 6.

Derinition II.
The Height of the Triangle is the Height of the
Wedge ; as db.

Derinitron III.
The Bafe of the Triangle is alfo called the Bal of
the Wedge; as ce.

DerixiTion IV.
. The Edge of the Wedge is @ Right Line,
Joints the Pertices of the Triangles; as b f,
nThC Edge of the Wedge is applicd for cleaving
Wood; and the Power is the Blow of a Hammer
;’1{’ Maller, which drives the Wedge into the
ood.

When thewhole Wedge, isdrivenin, the Space,
gone thro’ by means of the Blow or Blows, is the
Height of the Wedge, which thercfore may be

cok'd upon as the Space gone through by the
ower; and the Space, which the Wood goes
thro'

- ~f
L b8l iy
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thro’ as it yields on cach Side, is half the Bale of
the Wedge. Whence it follows, Zhat the Power
is to the Refiffance of the Wood (when its Allion is
equal to it) as zhe balf Bafe of the Wedge is to its
Height.

What is here faid, of the Refiftance of the
Wood, may be applied to all the other Ufes of the
Wedge.

The two wooden Rules AA, AA, are kept
up in a parallel and horizontal Situation by the
Fect BB, BB. (_P[:!!c’ YVI- ng- 7) '

The Brafs Rulers CC, CC, are fix’d to them
on the Infide.

Between them are moved the two Barrels, or
Wooden Cylinders EE, which turn upon fmall
Stecl Axes that come out behind the Rulers,
and have a fmall Return at their Euds, or the Bafes
are bigger than the Cylinders; each return is a
little Convex on the Outfide, that the Fri€tion
again(l the Rulers CC, CC, may be the lefs. In
the Middle of each Ruler A A, there are two
Pullics 4, d, which almoft touch one another,
and whole upper Part is even with the Top of the
Rulers CC.

The Rope, which in its Middle carries the
Weight P, goes round the Pullies 4, d, agd each
End of it is fixed to the Axis of one Cylinder E,
by means of a {mall Plate that.has a Hole through
which the Axis goes. The other Weight P
hangs in the fame Manner upon fuch another
Rope.

'Therefore the Cylinders E E muft be carried
towards one another in an horizontal Motion
(their Axes remaining parallel) by the Weight
P, if they arc equal.

Let there be a Wedge made of two wooden
Planes F F, which make any Angle at Pleafure
by Help of the Screw gg.

2 Experiment.)
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zent.] The Cylinders EE are feparated
by letring do wn the W edge F'F - between them,
v\?hid. is drawn down by the Weight M, and

u have an Tqml brium, when the Wexght M,
together with the Weight of the Wedge,  to the
\"m". ts P, P, as the half Bafe of the Wedge to
its Height.

The Force with which the Cylinders are carried
towards one another, and which muft be over-
come to {eparate them, 1s here inftead of the Re-
fiftance of the Wood; the Force with which the
Wedge is driven or drawn between the Cylinders,
that is the Weight of the Wedge, together with
the W mghr T\I, is here taken for a Blow with a
Mallet ; and {o the foregoing Rule is reduced to
Experiment, and confirmed h\ it.

'The Screw has a great .’;Hlmry with the 777zdge.
It confifts of two Parts.

DeriNiTiON V.

The firft, which is called the Male Screw, or
Outfide Screw, is @ Cylinder cut iny in a Helical
Form, as AB (Plate VI. Fi 7. 8.)

The fecond, which is calle ed the Female Screw,
or Infide Screw and fometimes the Nut, and is
different ZI.CCOR![D”’ to the different Uics of the
Machine of which it is made a Par t, is a folid
Body that coniains an bollow Cylinder, Lt.b’?cr/e Con=
cave UuI,’iﬂ'{’ 5 cut in f."-‘f_ f(’.??'"’ .{1[&/?! 2y as f/?f,‘ 1[?17(7
Screw, (o that a‘m’ Prominent Part of the one, %ay
fit the Can ity of the other; as DE.

N. B. The Prominent Helical Part is called the
?T){?u;’lf" U}{. the Screw

Thefe two Parts are to move one within ano-
ther, when the Screw is applied to Ule. It ferves

Nﬁﬂy to prefs together fuch Bodies as muft be
joined and firmly Lmnc&., for in this Machine

the
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the {malleft Power may produce a very great
Preflure. 'The Screw may alfo be ufed for raifing
Weights. In every Revolution of it, one Part
remaining at reft,. the other is thruft out as far as
the Interval between two Threads. The Power
which moves the Screw is applied to an Handle
or [land-Spike 3 and then the Ppwer, which adks as
ftrongly as the Refiftance, is 70 the Refiffance as
the fad Diflance between two Threads to the Peri-
phery of a Circley run 1oro® by that Point of the
Handle to whith the Power- is applied. For the
Way gone through by that Pointor Plane, where-
with the Refiftance is overcome, has the fame
Ratio to the Way of the Power.

Here we muft obferve, that when the Power
balances the Weight in any Machine whatever,
where no Friftion is fuppofed ; that, by increafing
the Power ever fo little, it will over-balance the
Weight. But when there is any Friftion, thac
Friction muft alfo be overcome by the Power;
and how much muil be added to it, to produce
that Effeét, cannot be determined mathematically.
In the Machine laft mentioned, this Friétion is
very fenfible, and alfo of a great Ufe; for by ic
the Machine is kept in its Pofition, and cannot
(either by the Acltion of the Bodies thar are
prefled, or the Gravity of the Weights) receive
a contrary Motion, fo as to be pufhed back to its
firft Pofition.

CH A P XV,
Of Compound Engines.

E have already thewn¥, how a Machine
may be compounded of feveral Levers T,
or feveral Wheels; and that in fuch Machines zbe
Power is to the Refiffance (when it counterba-
I lances
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lances it) in a Ratio compounded of all the Ratio’s,
ewiiich the Powers in each f ;?zﬂfc Moachine qwould bave

2o the Refiffance, if they were feparately applied. This
Rule alio obtains in all other M achines.

Not only fimple Machines of the fame Kind
may be joined; but one may compound a Ma-
chine of feveral other Machines in different Man-
ner: This will be plain enough by two Exam-
ples.

Experiment 1.] Join the running Rope of the [,,
Pullies to the Axlc of the W heel (Pﬂz.fa VI.Fig.5.)

and apply the Power to the Wheel: Now, as in
thls Cafe, the Aétion of the Power becomes five
times greater by he ~p of thele Pullics, and the
Diamerer of the Axis is but the third Rut of the
Diameter of the Wheel; the Ratio of the Power
to the Weight is compounded of the Ratio’s of
I to%*y, and 1 to T 3 5 itistherefore as 1 to 173 *116

and therefore one Pound M fuflains the Weight P T
of 14 Pounds.

The Axis in Peritrochio may be moved by a v3
Screw: For this Purpofe the Wheel muft have 3
Teeth, and thofe Teeth muft fland askew, or
be inclined, as you may fee in the Wh hecl A,
(Fig. 9.) which is carried round by the Screw
B C.  Such a Screw is called an endle/s Serew,
and very much increafes the A&ion of the Power
for there are fo many Revolutions of the Screw,
or of the Handle of it, required to turmn Ihc
Wheel once about as the W heel has Teerh. And
1 another W hfxl with Teeth be added to the firlt,
the A&tion of the Power will itill be much im.rc,
u]Cleﬂ.i\d.

Experiment 2.] The Machine of Plare V1. Fiy. o,
C'rr*!, its of an endlefs Screw, which is mov ed b
the Handle DE. Here the Ratio of the P ower

‘O
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to the Weight when it balances it, is compound-
ed of the Ratio of the Semidiameter of the Axis
of the laft Wiheel I, to the Length of the Handle
DE, and the Ratio of the Revolutions of that
‘W hecl to the Revolutions of the Handle or Screw.
The firlt Ratio in- this Machine is che Ratio of
1.to 303 the fecond is gathered from the Num-
ber of Teeth; the lat Wheel F has in its Cir-
cumference 3y Teeth, and the Axis of the firft
Wheel 75 thercfore the firft W heel goes round
five times, while the fecond Wheel goes round
once: But this firft contains 36 Teeth; therefore
the Screw goes round fo many times, for one
Tuin of the Wheel.* The Ratio compound-
ed of thefe two is 1 to 180, which is the fe-
cond-Ratio fought; and the Ratio made up of
that and the firlt (which is 1 to 30) is the Ratio
of 1 to §400, which would be the Ratio of the
Power to the Weight, if there was no Friction;
but as it is pretty great in all thefc Engines, the
Power muft be precty much increaled, to make it
raife the Weight; tho® ftill a very fmall Power ap-
plied to it, will raife a prodigions Weight. The
Handle ED may be twice or three times as long,
or ftill longer. which will double, or triple, or
farther incrcafe, the Action of the Power: And,
in that Cale, a fmall Hair will overcome the Force
of the ftrongeft Man.

A great number of other compound Machines
may be made, whofe Forces are in ‘the fame
Manner determined, by Compuration, by the
Rule mentioned in the Beginning of this Chapter;
or alfo by comparing the Way gone through by
the Power with that gonethrough by the W eight,
or any other Obftacle; for their Ratio will be the
inverfe Ratio of the Power, and the Weight or
Refiftance.

The
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The Forces, which ating contrariwife balance *
one another, are always equal ; if thercfore the In-
tenfity of a Power be lefs-than that of the Refilt-
ance, it muft run thro’ a greater Space in the fame
Time; and that muft always be in proportion as
its Intenfity is lefs; for the Forces can differ in no
other Refpeét, neither can we compenfate any o-
ther way for the Difference of Intenfity.

CHAP XVL
Of Sir Iaac Newton's Laws of Nature.

N what we have faid of Machines, we have
confider’d the Actions of Powers and Weights
ating continually againft Obftacles and other Re-
fiftance; now we thall confider Bodies left to them-
felves and continuing in Motion, or frecly falling:
And here we mult reafon from Phxnomena, (as
one muft do in all Natural Philofophy) and from
them deduce the Laws of Nature.

Sir Jfaac Newron has laid down three,by which
we think that every thing that relates to Motion
may be explained.

LAW I
_ 4l Bodies continue in their State of Reft, or Mo- 124
Yiony uniformly in a Right Line, except (o much as they
are forc’d to change that State by Forces imprefi'd.

We fee that Bodics, by their Nature, arc in-
attive,and incapable of moving themfelves ; where-
fore unlefs they be moved by fome extrinfical A-
gent, they muft neceffarily remain for ever ag reft.
A Body alfo, being once in Motion, ‘continues
1 Motion according to the fame Direftion, in
the fame Right Line, and with the fame Velocity,
as we fec by daily Experience;  for we neveg
fee any Change made in Motion, but from
fome Caufe. Burt (fince Motion is a continual
Change of Place) how the Motion in the fecond

E Moment
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Moment of T'ime fhould low from the Motion
in the firft, and what fhould be the Caufe of the
Continuation of Motion, appears wholly unknown
to me; buty as it is a certain Phenomenon, we
muft look upon it as a Law of Nature.

LAW IL

125  The Change of Motion is always proportionable to

the moving Force impre(s'dy and is always made ac-
cording to the Right Line in which that Force is
inprefs'd.

If to a Body that is already in Motion, another
Force be fuperadded to move it in the fame Dire-
ction, the Motion becomes quicker, and that in

*58 proportion to the new Force imprefs’d.*

W hen a new Force imprefs’d is contrary to the
Body’s Motion, the Retardation follows the Pro-
portion of the Impreflion; fo that a Force which
15 double or triple, {¢. produces a double or
triple Retardation. ~And generally all Forces pro-
duce Changes in Motion, according to their Di-
rections and Quantities ; other Actions of Forces
would imply a Contradi&ion: This will appear
more clearly by fuch Experiments made upon ob-
lique Forces, as we fhall mention in fome of the
following Chapters.

LAW IIL

26 - Aetion is always equal, and contrary to Re-attions
that isy the Attions of two Bodies upon each other are
always equaly and in contrary Direttions.

Which Way foever one Bodyaéts upon another,
we {ee that Body always fuffers an equal and con-
trary Re-action. If T prefs a Stone with my Fin-
ger; my Finger is equally prefs’d by the Stone.
A Horfe that draws a Cart forward, is as much
drawn backward by the Cart; for the Geers or
T'races are equally ftretched both Ways.

3 When
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When a Body ftrikes againft another, whatever
the Stroke be, both faffer it equally ; but the [m-
preflions are contrary.  This is clearly confirmed
by the Experiments of the Congrefs of Bodies.

The Loaditone draws Iron, and isequally drawn
by Iron.

Lxperiment. ] Sufpend the Loadftone M,
(Plate VIL. Fig. 2.) i fuch manner that it may
eafily be moveds then, bringing a Piece of Iron
within a fmall Diftance of it, the Loadftone will
come to the Iron: And if you pull back the Iron,
before the Stone be come to ity the Stone will

follow the Tron; juft as the Iron goes towards the

Stone and follows it, when the Iron is fufpend-
€d and moveable, and the Loadftone brought to
the Iron,

When a Man fits in a Boat, and by a Rope
pulls towards him another Boat, juft as big and
85 much laden, both Boats will be equally moved,
and meet in the Middle of the Diftance of the
Places in which they were at firff. I one Boat

© Breater than the other, or more laden, the Ve-
ocities in cach will be different, when they- have
different Quantities of Matter; but the Quantities
of Motion on both Sides will be equal, abftraéting
from the Refiflance of the Water.

And this Law takes place generally in all the
Actions of Bodies upon one another.

C-H AP XVIU_
Of the Acceleration and Retardition of heavy
Bodies.

DeriniTion I
N accelerated Mation is 2bat Motion, whofe
Felocity becomes greater every Moment.

L 2 De-
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Derinrrron 1L

.28 A retarded Motion is 74t whofe Velocity is di-

minifbed every Moment.
The Force of Gravity aéts continually upon all
Bodies, in proportion to their Quantity of Mat-
s ter¥  When a Body falls freely, the Impreffion
madeupon it the firft Moment is not deftroyed
in the fecond Moment; therefore there is {uper-
added to it the Impreflion made in the fecond
1 29 Moment, and {o on.  The Motion then of a Body
that falls freely, is accelerated, and that equally in
equal Timess becaufe the Force of Gravity atts
#-. every Moment in the fame Manner,* and there-
> fore communicates an equal Velocity to Bodies in
equal Times. Whence that Celerityy wwhich is ac=
quired in the Fall, is always as the Time in which
the Body bas fallen. For Example: The Velocity
acquired in a certain Time will be double, if
the Time be double; and triple, if the Time be

triple, &e.

Let that Time be exprefled by the Line A B
(Plate VIL. Fig.3.) and let the Beginning of the
Time be A. In'the Triangle ABE, the Lines
1 f, 2g, 34, whichy being parallel to the Bafe,
are drawn throvgh the Points, 1, 2, 3, are 1o
one another as their Diftances from A, A1, Az,
A3 that is, as the Times which are exprefled
by thofe Diftances, and exprefs the Velocities
of a Body falling freely after thofe Times. if,
inftead of Mathgmatical Lines, others be taken
with a very fmalf'Breadth equal to each of them,
the Proportion will not be changed therebys
and thofe fmall Surfaces will in the fame manner
denote the above-faid Velocities. In the leaft
Time the Velocity may be looked upon as equa-
ble, and therefore the Space gone through in
#¢4 that Time is proportionable to the Velocity.® In

3 each
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cach of thole fmall Surfaces above-mentioned. if

the Breadth of the Surface be ecalled the Time

7
the Surface itlelf will be the Space gone thro’.
The whole Time A B confifts of thofe ve: y fifall
Times ; and the Area of the Triangle A B E,

of the Sum of all thofe very little Surfaces, an-
{wering to thefe fmall Parts of Times: Therefore
that Area exprefles the Space gone through-in the
Time A B.  After the fame Manner the. Area
of the Triangle A1f reprefents the Space goné
thro’ in the Time A1; thofe Triangles are limi-
lary and’ cheir Areas are to one another. as the
Squares of the Sides AB, Ax1: That 18y the Spa=
cesy gone through from the Beginning of the Fally are
20 ane anothery as the Squares. of the Times during
avhich the B ody fell.

This is confirmed by Experiments made on the
following Machine.

The Balance A B (Plate VII. Fig. 4.) which
has but one Scale, is cxactly in Aquilibrio; when
a Weight is put into the Scale, an Iron, made in
the Form of a Gnomon, keeps faft the Brachium
A, and the Balance is rerained in a horizontal

ofition.
At f thete is a thin Spring f g fixed to the
“homon, and which, when extended, reaches to
’s Where the End g is rctained by help of the little
late 7, which is made faft to the Brachium A.
ow by this Means the leaft Motion of the
alance becomes fenfible; becaufe then the Spring

J;_ & being free, flies out, and returns to the Figure
L.

At the End of the Brachium B, there isa Hole,
thro’ which the String faftened to the Hook D
Pafles freely, that String is kept in a vertical Situ-
Ation by hanging on the Weight N.

The Weight M bhas a Hole thro’ it for the
above-mentioned String to pa freely thro’; in

E 3 making
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making Experiments, the Weight M is raifed up
along the String, and, when you let it go, it falls
upon the fame Point of the Brachium B.

Experiment.| Put the one Pound Weight Pinto
the Scale; then the Body M, falling from the

Height of three Inches, will move the Balance.
When P is a two Pound Weight, let M fall from
twelve Inches, and the Balance will be moved.
If you lay on three Pounds in the Scale, the Body
M mutft be let f2ll from a Height of 27 Inches,
to move the Balance and raife P. And in all thefe
Cafes, if the Height from which M falls be taken
but a lictle lefs, the Balance, with the Weight in
the Scale, will not be moved.

In this Experiment, the Weight which is laid
upon the Scale, and raifed by the Blow of the
falling Body, is proportionable to the Stroke; the
Quantity of Motion in the Body follows the Pro-
portion of the Stroke: And that Quantity (be-
caufe we make ufe of the famc Body) is propor-

3 tionable to the Celerity ;% and, laftly, the Celeri-

#, .o ty here is proportioned to the Time of the Fall*:
Therefore the Weights above-mentioned follow
the {ame Proportion of the T'ime. The Weights
here are as the natural Numbers 1, 2, 3, and
therefore the Times are in that Proportion: But
the Spaces gone thro” in thofe Times are as 3,
2y 27, OF 45 I, 4y 0y Which Numbers are the
Squares of the others.

Having divided the Time AB (Plate VIL. Fig.
3.) into the equal Parts A1, 125 23, 3B, thro’
the Divilions draw Lines parallel to the Bafe; the
Spaces gone thro” in thofe Parts of Time, that is,
in the firft, [econdy and third Muoment, &c. fuppo-
fiig the Maments equaly are 1o one angther as the
Areass A1f, 1fg2, 22b3, 34 EB; which
Areas, as appears by the Figure, are to one ano=
ther as the odd Numbers Iy 3y §3 7s

¥
O
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If the Body, after it hasfallen, during the Time
A B, fhould be no more accelerated, but with the

elerity BE, acquired by that Fall, thould uni-
formly continue its Motion, during the equal Time
BC, the Space gone thro’ by that Mation is ex-
prefs’d by the Area BE DC, which is double the
Triangle ABE. And therefore,

A Body falling freely from any Heighty with that 134,
Pelocity which it bas acquived by that Fally will in
a Time equal to the Time of the Fall (by an equable
Motion) run thre' a Space double the faid Height.

Which Propofition we thall alfo confirm by an
Experiment * * 21y

The Motion of a Body thrown upwards is
retarded in the fame Manner, as the Motion of
2 falling Body is accelerated by the fecond
Lglw*; In this Cafe the Force of Gravity con- ¥ 125
fpires with the Motion acquired; and in that it
acts contrary to it. But, as the Force of Gravity
15 equal every Moment, the Motion of a Body throws 35
“p is equally diminifhed or vetarded in equal Times.
. The fame Force of Gravity generates Motion
Inthe falling Body, and deftroys it in the rifing

ody; therefore the fame Forces are generated
and deftroyed in equal Times. # Body thrown up 136
Tiles till it has loft all its Motion; and fo goes up
dzfrmg the (ame Time, that a Body falling could have
acquired o Pelocity equal to the Velocity with which
the Body is thrown up.

If a Body be thrown up with the fame Ve-
locity that " it would acquire in falling down
the Line B C (Plate VII. Fig. y.) it would
alcend in a Time equal to the Time of the
Fﬂ_“ ¥ (and with an equable Morion ) 0 as tos 56
come up theHeight C A, the double of BC¥; but » ;34
3510 the fame Time, by the Force of Gravity, the

ody goes thro’ a Space equal to the Space AB,
or BC: as thefe two Motions obtain here at

E 4 the
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the {fame Time, and at contrariwife, the lefler
muft be {ubftratted from the greater; therefore
the Body, after the End of the Afcent, will be at
B. Whence it follows, that & Body thrown up
will rife to the fame Height from awhich falling, it
would acquire the Felocity withwhich it is thrown up.
And therefore, the Heights, which Bodies thrown up
with different Velocitics can vife toy, ave to one ano=
ther as the Squares of thofe Felocities *

CHAP XVIIL
Of the Defcent of beavy Bodies upon inclined

Plunes.

DeriniTiON L

E call an inclined Plane #hat which makes
an obligue Angle with the Horizon.

CB in Plate VII. Fig. 6. reprefent a Line
parallel to the Horizon; AB makes with it the
oblique Angle ABC, and reprefents an inclined
Plane; and the Perpendicular A C is let fall from
A, the upper Part of the Plane, to the Horizon.

Derinirrown IL
The Length A B is called the Length of the Plane,

Derinirron III.
The Line A C is called the Height of the Plane.

et two equal Bodies defcend by the Force of
Gravity from the Point A, the one along the
Line AB, and the other along the Line ACj;
when they are come to the Points B and C, they
have delcended equally, that is, they will be got
each equally neat to the Earth’s Center: There-
fore the Forces with which they are impelled, as
they are direCted towards the Earth’s Center,
: are
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are equal; but the futenfities of equal Forces are

57

reciprocally as the Spaces gone through*; and * 70

3
therefore here the Intenfity of the Force, by
which the Body isimpelled alonganinclined Plane,
is to the Intenfity of ity by which it is directly
impelled towards the Ceater of the Earth, as AC
to AB. Therefore, 4 Body laid upon an inclined
Plane, lofes Part of its Gravity; and the Weight
required to [ufiain ity is to the Weight of the Body,
as the Height of the Plane to its Length.

ThePlane N O QL. (Plaze VIL. Fig.7.) isplaced 143

in an horizontal Situation; the Plane ABIH
moves upon Hinges; and may be fixed at any
Height, by help of the Screw V, and Quadrant 7.

The wooden Ruler EF has a Pulley C faftened
at one end, and revolves.about the other; the
Head D, about whofe Center this Ruler moves,
may be fixed (inany Place of the Slit ps5) to the
Plane NOQL, by a Screw under the Flane.

M is a wooden Cylinder, whofe Axis is of
Steel, and whofe Bales fomewhat exceed the
Cylinder ; fo that, as it turns round -along the
Plane ABIH, the Bafes only touch the Plane.

The Cylinder is fuftained by a String that
goes over the Pulley G 3 which String is fixed to
a thin Brafs Ruler, bent in fuch Manper, that the
_A.‘(L:s of the Cylinder go thro’ its Ends, and turn
in them.

In making Experiments, the Pulley is {o plac’d
by the inclining Ruler EF, and moving the Head
D along the Slit 75 ; that the String by which the
Cylinder is fultained, is parallel to the inclined
Plane ABIH.

Lxperiment 1.7] Let the Plane ABIH be in-
clined in any Manner, the Weight of the Bod
M has the fame Rario to the Weight P, as the
Length of the Plane AB to its Height AC; and

the
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the Body M, in what Part foever of the inclined
Plane it be fet, will be fuftained upon it by the
‘Weight P.

As the Force, by which a Body is made to de-
fcend along an inclined Plane, arifes from Gravity,
it is/of the fame Nature with it; and therefore
that Force every Moment, and in all Parts of the

* o= Plane, is equal #*: F(.)r the fame Realon #he Mbtion

144 of a Budy, freely running down upon an inclined Plane,

is of the fame Nature with the Motion of a Body

freely falling; and what has been faid of the one,

may alfo be affirmed of the other. It is therefore

% 1207 Motion equably accelerated in equal Times; * and

%7 therefore the Propofitions of Numb. 130, 131,

133, 134y 135 I 365 137 :mld 138, may be here

applied, if we fuppofe a Motion upon an inclined
145 Plane, inftead of a direét Afcent or Delcent.

The Forces by which two Bodies defiend, one of
awhich falls freely, and the other runs down an incls-
ned Plane, if the [aid Bodics begin to fall at the fante
Time, are always to one another in the [ame

* 29 Ratio as in the Beginning of the Fall*; therefore
144 the Effeét of thofe Forces, that is, the Spaces gone
thro' in the [ame time, are in the fame Ratio; name-

® 14z ly, that of the Length of the P!zz:-z.i to its Height*.

In the Plane A B (Plare VII. Fig. 8.) the Space
gone through by a Body, whilft another falls free-
Iy down the Height of the Plane AC, is deter-
mined by drawing C G perpendicular to A B:
for then the Length of the Planc AB is to its
Height AC, as AC to AG. If a Circle be defcribed
with the Diameter AC, the Point G will be in
the Periphery of the Circle; becaufe an Angle in
a Semicircle, as AGC, is always a Right Angle;
and therefore a Point taken, as G, in any Inclina-
tion of the Plane, will always be in the Periphery
of the faid Circle: Whence it follows, that all the

Chords
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Chords, as A'G, arc gone thro” by Bodies running
along them, in the Time that a Body, falling
freely, would run down the Diameter AC; and
therefore the Time of the Falls thro’ thofe Chords
are equal.  Thro’ the Point C there can be drawn
no Chord, as H C, but what a Chord, as A g,
may be drawn parallel to ir, (that is, equally in- 147
clined) and equaly therefore in a Semicircley as-
A H C, whether a Body falls freely along the Dig~
meter A C, or whether it falls dowwn along any Chord,
as HGC, it will in the [ame Time come to the loweff
Point of the Semicircle.

The Time of the Fall along the whole Plane
AB may be compared with the Time of the De-
feent along the Height A C ; which forthat Time
Is equal to the Time of the Fall along AG; and
fo the Squares of thofe Times are to one another,
8 ABto AG* But ABisto AC, as AC "u4s
to AG; therefore the Squares of the Lines AB 3!
and A C are to one another, as AB to AG; and
therefore 7hofe Lines AB and A C are to one another
as the Times of the Fall along AB and A G,or AC;
that is, the Times in that Cafe are, as the Spaces
Lone through.
In the fame Cafe, the Velocities, at the End of 149
*he Defzent, are equal for after equal Times, when
the Bodies are at G and C, the Velocities are in
the fame Ratio as in the Beginning of the Fall¥, ®129
that is, as the Forces by which the Bodies are 4
Impelld, oras AC to AB* When the Bo- *az
dy defcends from G to B, the Velocity increales .
a3 the Time; and the Velocity at G is to the Ve-
{?C}’ at B, as AC to A B:* Therefore thcgl

clocities at B and C have the fame Ratio to
the Velocity at G, and fo are equal. Hence it
?‘I"]’_f?‘i_'s, that @ Body acquires the [ame Velocityy 1 oo
,;; i*fmg from-a certain H_esgiff, whether it falls di-

"4y dowity or along an inclined Plane; and fince

the
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the Angle of Inclination caufes no Alteration,
a Body may vun down feveral Planes differently in-
clined, and even along @ Cwrve, (which may be
confider’d as made up of aninnumerable Number of
Planes differently inclined) and the Celerity acquired
will always be the famey when tihe Tleight is equal.

Experiment 2] In this Experiment it is to be
obferv’d, that a Body hanging by a Thread, and
defcribing a Curve by its Fall; falls in the fame
manner, as if it was to run down fuch aCurve cut
hollow in a folid Body without any Friction.

Let the Body P, (Plate VIL Fig. 9.) fufpended
by a Thread, ;fall from the Height ACG, in the
Cutve B C, and in the Curve D C, and in the
Curve E F G C, made up of Parts of different
Circles, and in each Cafe it will, with the fame
Force, ftrike againft the Body Q, which is at
reft; and always drives it to the fame Height.

A Body that bas acquived any Celerity in falling
down along any Surface, whether Plane or Curve,
will rife up to the fame Height along another fimilay
Surface, with the [ame Velocity, in the [ame Time.

A Body willywith the {ame Celerity that it bas ac-
quired in falling down from a certain Heighty vife up
to the [ame Height in any Curve whatever. :

Experiment 3.] Let the Body P, (Plate VI1II.
Fig. 1.) hanging by a Thread, fall from the
Height A C, along any Curve BC; with the Ce-
lerity which it has thereby acquired, it will afcend
to the fame Height on the other Side, in the
Curves CD or CE, or CHGF.
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CHAP XIX
Of the Ofcillation or Vibration of Pendulums.

DerviNrition I
Heawy Body, banging by a [mall Thread and 113
wmoveable with the Thread about the Point to
Which the Thread is fix'd, is call'd a Pendulum.

The Motion of a Pendalum is an ofcillatory or
vibratory Motion. When the Weight, the Thread
being extended, is raifed upon one Side, it de-
{cends by its Gravity, and, with the Celerity that
it has acquired, rifes up to the fame Height on the
other Side; * and then it returns by its Gravity, * 151
and {o continues in its Vibrations.

We here fuppofe the Motion about the Point of
Sufpenfion to be perfettly fiee, and that there is
no Refiftance of Air, which is very fmall in great

endulums. :

The Body P (Plate VIII. Fig. 2.) does, inifs 1§74

otion, defcribe the Arc PBF; #f, inftead of
that Motion, & Body thould defcend along the
Chord PB, and again afcend along the Chord

F, and fo fbould perform its Vibrarion in Chordss
the Defcent would be made in that Time in which
the Body by its Fall would go thro’ the Length
Of:the Diameter ABj; * that s, twice the Length * 147
O: the Pendulum. In an equal Time, it afcends
akl'ﬂg the Chord B F;* therefore in the Times of * 151
bne whole ¥ibration, the Body in falling might vun
through four Diameters; * that is, eight Times the * 131

engih of the Pendulum. And as the Delcent and

‘cent in any Chord is performed in the fame

ime, all the Vibrations in Chérds; whether great
Or imall, are likewife performied in the fime Time.

~

0 {mall Vibrations, the Arcs of a Circle do not
{enfibly
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fenfibly differ from the Chords s and the Vibrations

155 of the [ame Pendulum, tho” uncqual, are performed

in the [ame Timey as far as our Senfes can diffin-
guifh.

Experiment 1. Plate VIIL Fig. 4.7 If the two
equal Pendulums, CP and ¢p, are let fall from the
Points P and p in the fame Moment of Time,
they will at the fame Time come to B and 4, and
then to F and f3 and {o they will continue their
Motion, in the Arcs PBF and p&f; always in the
fame Time.

Here it is to be obferved, that tho’ the Propo-
fition 11§ be true in all Pendulums, the Demon-
ftration given is only to be applied to fhort Pen~
dulums 5 in the longer Sort the Time of the De-

{cent along a Chord differs fenfibly enough from

its Defcent along an Arc; but in fmall Arcs the
Differences are equal, tho’ the Chords be of - dif=
ferent Lengths.

Let the Circle FB (Plate VIII. Fig. 3.) roll
along the Line AD, till the Point B comes to A
in the fame Liney by {fuch a Motion the Point B
defcribes a Portion of the Curve BPA. Such
another Curve BD may be defcribed in the fame
Manner, and the whole Curve ABD is call’d 2
Cycloid. Let it be divided into two equal Parts
at B, and let the Parts B A and B D be fo difpofed
as to have the Points A and D fall in together at
C; and let the Point B coincide with the Points
A and D in the Line AD. Let two Plates of
Metal be bent according to thefe Curves, fo that
the Thred of a Pendulum fofpended at C, may
on either Side apply itfelf to thofe Plates, and fall
in with their Curves as the Pendulum vibrates.
Now if the Length of the Pendulum be CB, the
Body P in its Vibrations will defcribe the Cycloid
ABD.
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It is a Property of this Curve, that in what- 156

ever Point of it the Body P be placed, the Force,
wich which it is carried by its Weight along the
Curve, is proportional to the Part of the Curve
Which is berween that Pomnt and the lowelt Point
of the Carve B. Whence it follows, that if two
Pendulums, as CP, be let fall in the fame Mo-
ment from different Heights, the Velocities, with
Which they begin to fall, are to one another, as
the Spaces to be run through before they come to
If therefore they fhould be acted upon by
thofe Forces alone with a Motion not accelerated,
I:he_v would come to B at the fame Moment of
Lime; # after the fame Manner by the Forces
Which are acquired, the fecond Moment, they
alfo come to B at the fame Time: The fame may
€ faid in Relation to the following Moments;
and the half Vibrations made up of all the For-
Ces together, however unequal they are, as alfo
the whole Vibrations are performed in the fame
ime,

It is moreover demonftrated by Geometricians,
0t she Time of each ibration is to the Time of @
Yrtical Fally along the half Length of a Pendulum,
@ the Pespilbiery of a Circle to its Diameter. In
this Cyrve the lower Part coincides with a fmall
ch of a Circle, as to Senfe: And this is the true

__c“ﬁ)n, why in a Circle the Times of fmall Vi-
‘alions (however unequal thofe Vibrations be)
e equal; and therefore alfo the Duration of
tgotfﬁ ‘*\/"J'lbraticnf has the a{:tcwe-mcmioncd Ratio
GFthC ;];lmC‘. of a vertical \P:x]r!. The Durations
“ the Fibrations of unequal Pendulums may be com-
P“"Eﬂ_i together. When the Axcs are fimilar, the
IQ‘.“;‘FIOH% iz Refpet of the Chords, are. alfo
n_“lm, and the Times of the Vibrations in the
th‘CS are,. as the Times of the Vibrations along
¢ Chords; but they are, as the Times of the
Defcent
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Defcent along Lengths, eight Times greater than
the Length of Pendulums; * and fo the Squares
of the Durations are as thofe eightfold Lengths,
* or as the Lengths of the Pendulums.

Experiment 2. ] Two Pendulums CP, ¢p,
( Plare VIII. Fig.5.) whofe Lengths are as 4. to 1,
are let fall at the fame Time from the Points P
and p, fo that in their Vibrations they defcribe
fimilar Arcs; the longer Pendulum vibrates once,
whillt the fhorteft vibrates twice; and fo the
Squares of the Durations of the Vibrations are
as 4. to 1, namely, as the Lengths of the Pendu-
Tums.

W hen the Vibrations are fmall, this Ratio al-
fo holds, tho’ the Pendulums fhould not vibrate in
fimilar Arcs.®

The Velocities of Pendulums in the loweft Point,
when the Fibrations are unequal, ave to one anothers
as the Subtenfes of thofe Ares, which the Body de-
(zribes in its Defeent. So the Velocity of the Bo-

"dyP, (Plaze V1L, Fig. 2.) falling in the Arc PB,

is to its Velocity when it falls along D B, as the
Chord PB to the Chord DB: For if you draw
in a Circle the Lines Pf, D4 parallel to the Ho-
rizon, thie Squares of the faid Chords are to one
another, as theLines f B, B. TheSquares of the
faid Velocities are allo, as thofe Lines fB, dBs
therefore the Velocities are as the Chords. *
Concerning all that has hitherto been faid of
Pendulums, it is to be obferved, that it is no
Matter how big the Weight of the Pendulum is,
or whether the Weights of two Pendulums be
different in Magnitude or different Sorts of Bo-
dies; fince Gravity is proportioned to the
Quantity of Matter in all Bodies, all Bodies 10
the fame Circumftances are moved by Grm’_lif};
WiLL
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with the fame Velocity. Which is alfo confirm’d
by the following Experiment.

Esperimeént 3.] Take two equal or unequal Balls,
the one of 'Lead, and the other of Ivory, hang
them urp by Threads, that they may make Pendula
of equal Lengths; let them vibrate, and their
equal Vibrations (or even all their unequal ones,
provided they be fmall Vibrations) are perform’d
in the fame Time.

6

5

Oftentimes inftead of a Thread, a {mall, but 161

ftiff, Iron-Rod is made ule of, and {ometimes al-
{o two or more Weights are fix’d to it, and it is
called a Compound Pendulum ; in that Cafe the
Rules above-mentioned are not applicable ; but
thofe Pendulums are reduced to fimple ones, by
determining in them fuch a Point, that, if all the
Weights were united in it, the Vibrations would
be of the fame Duration as thofe of the compound
Pendulum, This Point is called the Center of Of-
cillation.

.

The Center of Percuffion in a compound Pen- 163

dulum is a Point, in which the whole Force of the
Pendulum is as it were collefted; fo that if that
Point ftrikes againft an Obftacle, the Blow will
E)E‘ greater than if any other Point of the Pendu-
lum fhould ftrike againft it.

In a Vacuum, or'a Medium that does not re-
ﬁf’t, thefe two Centers' coincide. They alfo .co-
Wcide in the Air, as to Senfe, by reafon of the
fmall Refiftance. :

A Body of any Figure may be fufpended, and
‘\_-‘mrate about a Point, or rather an Axis; and in
‘uch a Body one may al{o determine the Center of
Ofcillation.

When a Right Line, fach as is en Iron Wire, vi- 163

Erates gbont cne End s the Center of Ofcillation is
T

b diflant
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diftant from the Point of Sufpenfion two third Parts
of the Length of the Wire.

Experiment 4.1 The flat Iron AB ( Plate VIIL.
Fig. 6.7 ‘mufl be fo hung up, as to vibrate about
the End A; let the fimple Pendulum CP, whofe
Length is equal to two third Parts of A B, be fuf-
fered todefcend at the fame Time as theIron; and
the Vibrations of the Pendulum and the Iron will
be perform’d at the fame Time.

The Vibrations of Pendulums, as we have faid,
tho’ unequal, are perform’d in the fame Time,*
and this Property of Pendulums is of greatUfe in
Clocks, to which an equable Motion is commu-
nicated by fixing on a Pendulum.

By carrying Clocks to different Places, it has
appear’d that the Force of Gravity is not equal
in all Parts of the Earth, becaufe the Vibrations
of the fame Pendulum, in divers Countries, have
been found unequal, in refpeét to Time; and that
Difference of Gravity is meafured by Pendulums.

164 Lot there be two Pendulums, whofe Lengths are

W

to one anothery as the Forces of Grawity by which
they are aftuated; if they run out into fimilar
Arcs, in correfpondent Points, the Force will al-
ways have the fame Ratio to one another, and in~
deed the Ratio of the Spaces to be gone thro'y
(becaufe fimilar Arcs are as the Lengths of Pen-
dulams,) which therefore will be run thro’ in equal
Times, *that is, the Fibrations will be perform’d in
the [aine Time.

If+they be reduced to the fame Length by
changing one Pendulum, the Square of the Time
of the Vibration of the Pendulum, that 18
changed, is to the Square of the Time of Vibra-
tion before the Change ( that is, to the Square of
the Time of the Vibration of the Pendulum that

is
1
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is not changed) as the Length of the Pendulum
after the Change to its firft Length : * which * 158
Lengths are to one another, as the Force of Gra-
vity in the Pendulum that is not changed, to the
Force of Gravity in the Pendulum that 1s changed.
And therefore the Squares of the Timesof theVibra- 165
tions in ¢gnal Pendulums are to one another, in-
verlely, as the Forces of Gravity with which the
Pendula are affed apon: which therefore are to one
anpther, direétly, as the Squares of the Fibrations
perform’d in the fame Time.

But whence this Difference of Gravity arifes,
thall be explain’d hereafter, when we fpeak of the
Figure of the Earth.

CHAP XX
Of Percuffpon, and the Comimunication of
' Moption.

Very Body that is at Reft, and hinder’d by
no Obftacle, may be pufh’d forward by any
other Body in Motion; and, when once it is put
in Motion, it will continue in it, till it is hinder’d
by fome external Caufe.* That Caufe is fome- ® 124
Umes a Stroke of another Body againit ity or a
Stroke which itfelf gives another Body ; or laftly
a Stroke of both meeting.
The Laws to be obferved in that Percuffion, are
here to be explain’d.
All Bodies, here taken notice of, are fuppofed
rPhEricalg becaufe the Laws of Motion ought to
€ examin’d in the moft fimple Cafe.

Derintrion L
A Body is faid to impinge dire&tly againft ano- 166
thcr, or two Bodies to firike or impinge againft
ONe another, when the Direction of the Motion, or
Mtions, (if both are moved) goes thro" the Centers
o both Bodies. F 2 Deri-
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Derinttion II.

167  Inall other Cafes the Stroke is faid to be Ob-
lique. When elaftic Bodies impinge againft one
another, the Parts that are ftruck yield inwards,
and, by the Reftitution of the Paits, the Bodies
repel one another, and are {eparated from one
another.

168  In Budies that are perfeiily foft, or perfeétly bhard,
there is no fuch A&ion 3 and therefore, in & dirett
Stroke they are not feparated after the Blow, becaule

169 after their mecting, as well as before, they are moved
in the fame Lines for nothing happens that can
change the Direction. ‘

I thall in this Chapter {peak of the Percuffion
of Bodies that are not elaftic, and here, as allo in
the whole following Chapter, I fhall fpeak of di-
rect Percuffion 3 and confirm the whole by Expe-
riments made with the followiug Machine.

370 ABC is a vertical Plane of Wood almoft trian-
gular, about 4 Foot and a half high, and 3 Foot
wide at the Bottom. Plaze I1X.

In the upper Part there is a Slit sz quite thro’it,
which is horizontal, along which two lquare Pins
(and fometimes more ) are moved; thefe Pins, ha-
ving a Shink that goes through the Plane, may be
made fatt in any Part of the Slit by Screws which
take the Shanks behind the Plane or flat Board, as
may be feen from the Figure of the Pins at Vi

A little fquare Pipe of Iron X flips upon each
Pin, and may be faften'd to it by a little Screw &
in the upper Part of any Place of the whole
Length of the Pin, Thefe lictle Pipes have Hooks
in the under Parts, thro* which {mall Threads of
Fiddle-ftrings run, and faftain fuch Balls as P and
Q. Thaofe Strings go round the wooden Keys A
by turning which, theBalls are rais'd or lower'd.

The
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The Pin; from which any Ball hangs, is fix’d
to {uch a Part of the Slit 57, that its Center is di-
ftant from the Line AD (which divides the Ma-
chine into two Parts vertically ) jult one Semidia-
meter of the Ball; and that is to be done for all
the Balls by means of Marks in the Surface of the
Board.

The lirtle Pipe and Hook, from which the Ball
hangs, is fix’d to fuch a Part of the Pin, that the
Thread hangs but a little farther from the Surface
of the Board than a Semidiameter of the Ball:
There are Divifions in the Pins, to determine the
Place of the Iron Pipes upon the Pins, according
to the Bignefs of the Balls.

When you ufe two Balls, the Line AD fepa-
rates them, and in that Cafe (as alfo when feveral
at once are made ufe of) if they are of different
Bignefs, the great Ball always determines the Di-
ftance of the little Ball from the Board ; and the
little Pipes are fix’d at fuch Divifions of the Pins,
that the Centers of all the Balls may be equally
diftant from the Board. The Keys / bring all
thofe Centers to the fame Heights; which 1s to
be obfery’d in all the Experiments.

_There are two Brafs Rulers EG, EG, which
ide horizontally in the Board, whole Surface is
ollow’d to receive them, fo that their Surface
Mmay lie even with it. Behind each Ruler there is
a Slit in the Board of abour 5 Inches, to tranfmit
A Screw coming from the Backfide of the Ruler,
Which is fix’d behind a Nut in any Part of the
lit. In making Experiments, the End G of
€ach Ruler is diftant from the Line A D, one Se-
m}giamcter of the Ball, which hangs on the fame
Ide. -

Thefe Rulers are fo divided as to thew equal
]‘ﬁnﬁ‘les, run thro® by the Threads which carry the
Halls,

F 3 To
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T'o meaflure thofe Angles in making the Expe-
riments, there: are four Indices, two great ones
M M, and two lefs N N.

Thefe Indices, fliding in a Groove, are moved
along the Slits o7, o7, and arc fatten’d behind the
Board, where you pleafe, in the fame Line by
Screws. ‘The longer Indices reach to the Edge of
the Board, tho’ the Slits want about 3 Inches of
it. ¢

The feparated Figure M reprefents the greater
Tadices, in which 44 is a Plate, which {lides in
the Groove of the Board; ¢4 is the Index, per-
pendicular to that Plate, and about 3 Inches
long.

"The other feparated Figure N reprefents one of
the leffer Indices, whofe Length is equal to the
Semidiameter of the fmaller Balls, which are ap-
plied to the Machine, and whofe Diameter may
be about 1 Inch andaHalf: Thefe Indices are put
among the great ones, becaufe they don’t hinder
the Motion of the Balls: Somerimes the two-fmall
ones are put in the fame Slit, when three Angles
are to be meafured on one Side.

In that Cafe the Ball Q is raifed up, or rifes
after its Fall towards the Side of the Board B.
That the Index may be placed right for mea-
furing that Angle, the end G of the Ruler EG,
which is on the Side B, muft be joined with the
End G of the other Ruler, placed as above-men-
tioned.

The three Iron Screws FFF ferve to fet the
Machine or Board truly verticaly o as to bring
the Line A D perpendicular to the Horizon;
which may be eafily done by hanging on any onc
of the Balls, and putting on onc of the great
Indices; fo that the Thread, cutting any Mark on
the Index, may hang parallel to the Linc AD.

For
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For making Experiments on Bodies that have
no Elafticity, you muft ufe Balls of foft Clay,
made in the wooden Mould L.

This Mould confiftsof five Parts, four of which
may be feen at H, H, H, H; thele being join’d,
Contain a fpherical Cavity of an Inch and a Half
Diamerer; with a Hole in the lower Part: there
15 2 Screw on the Outfide, by which they are
prefs’d together by means of the Ring I, that has
2 Screw on the Infide.

. L reprefents all the Pasts join’d together; there
15 a Hole in @, which has a Communication with
the Infide of the Mould: thro’ this Hole muft go
a Thread, which lies irregularly in the Clay, almoft
thro’ it. Before you put the Clay into the Mould,
You muft anoint the Infide of it with Qil; then,
Wwhen all the Parts have been join'd and prefs'd to-
gether by fcrewing on the Ring, take them afun-
der again, and you will find a {mooth and round
Clay Ball, to the Thread of which you may faften
another Thread, and immediately hang it upon the
Tachine.

The Experiments, relating to elaftick Bodies,
wre made with Ivory Balls. You muft have fix
Imall ones, of an Inch and half Diameter. Be-
ﬁ'gif-'s thofe, one of double the Weight, another
of three times the Weight, and a fourth of four
Umes the Weight.

In the 11th Experiment of the following
Chapter, the fix equal Balls above-mentioned
are hung on to the Machine at the fame Time, fo
A to touch one another. And this is done (fee
Fig. 7.) by means of the Plate m#, which is fix’d
to the Machine by help of the Screws ¢ ¢, which
80 thro’ the Slit sz. This Plate contains four Pins,
25 Py p, py in whofe Ends are Holes, thro’ which
the Threads pafs that carry the Balls. The Threads
e brought to a proper Length, and flaid by the

- Fa Keys
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Keys 1,1, I, I. The two other Balls hang from the
two Pins-V, already deferibed.

To make the 13th Experiment of the next
Chapter, there muft be three fuch Pins as V.

In this Machine the Percuffion of the Balls, in
the lowelt Part of it, is'always direét; and the
Bulls (whether you let them go from different
Heights, the fame Way or contrary Ways) will
always come to the Bottem at the fame Time; *
and fo in that Cafe the Percuffion is always dire& ;
the Celerities at the Bottom are mark’d by the

" 159 Divifions of the Rulers EG, EG; * for in Arcs

no greater than fuch as the Balls deferibe in this
Machine, the Ratio berween the Ares and Chords
does not fenfibly differ. The Heights, from
which the Balls are let fall, determine the Cele-
rities before the Stroke;-and the Heights, to
which the Balls rife, their Celeritics after the
Stroke.

All that relates to the Percuffion of Bodies not

elaftic, may be referr’d to the four following
Cales. '

Cife 1.] If one Body frikes againft another Body
that is at reft, both together will continue their Mo-

* 168 tion in the (ame Direétion as the firft Motion 3 * and

109 the n@_fmm';!_? of Motiony in the two Bodies, will be the

Jame after the Strokey as in the fingle one before it.
For the Action of the Body i Moetion, upon
the other, communicates to it all the- Motion
that it acquires; now the Re-aétion of this lalt
in the firlt retards its Motion; and as Aétion

* 126 and Re-action are equal, * therefore the Quantity

of Motion, acquir’d by one Body, is equal to the
Quantity of Motion loft by the other; and fo the
Quantity of Motion is not changed by the Stroke.

This
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. This Quantity of Motion is found by multiply-
Ing the Mals of the firft Body by its Velocity;
* and dividing that Quantity by the Mafs of both
Bodies, you will have the Velocity after the
Stroke. ‘

For Example, take two equal Bodies, in each
of which the Quantity of Matter may be ex-
prefs’d by One; ler the Velocity of the moving
Body be Ten, the Quantity of Motion will alo
be Ten, which muft be divided by T'wo, the Mafs
of both Bodies, and Five, the Quotient of the
Divifion, will be the Celerity of the Bodies after
the Stroke.

Experiment 1.7] Take the two foft Clay Balls P

and Q, and hang them upen the Machine of

Numb. 170. See Plate X. Fig. 1.

Let fall the Ball P from the Height anfwerable
to the tenth Divifion of the Ruler EG, fo that
it may {trike again(t the Ball Q, which is at reit ;
after the Stroke they will both move together,
and rife up on the other Side to the fifth Divifion
of the other Ruler EG: The reft of the Experi-
ments in this Chapter are made with the {ame Sort
of Balls.

Cale 2. #f one Body firikes another that mioves
the fame Way, but flower, they will both continue
their Motion in the [ame Direftion as befores and the
!:'\)gzﬁ;fr,’;‘_]r of Motion, after the Stroke, will be the
ame as before.

The Reafon of this Propofition is the fame as
that of the foregoing.

In this Cafe the Celerity of the Bodies, after
the Stroke, is determined by multiplying each
Body by its Celerity, the Produéts of which
Multiplications will give the Quantitics of Mo-

73
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tion in each Body ; * by colleéting them' into one * 64

3 Sum,
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Sum, you have the Quantity of the whole Mo-
tion; which if you divide by the Mafs of both
Bodies, the Quotient will be the Celerity re-
quired.

Experiment 2.7 Take the equal Bodies P and Q_
(Plate X. Fig. 2.) and let them go towards the
fame Side, P with the Velocity 10, and Q with
the Velocity 6 ; as the Mafs of each Body is 1, the

» g, Quantity of Motioninboth together will be 16 ;%

IW

* 168

which if you divide by 2, the Mafs of both Bo-
dies, the Quotient will be 83 and the Experi-
ment will fhew the Velocity to be anfwerable to
this.

Cale 3.] #hen two Bodies, with equal Quanti-
ties of Motiony are carried towards contrary Sides,
the awhole Motion will be deflroyed by their meeting,
and the Bodies will be at vefl.

The Bodies are not {eparated after the Stroke, *
and the Line in which they move cannot be

#169 changed ; * but that they may continue to move

in the fame Line, it is required that one Motion
thould overcome the other, which implies 2 Con-

# 6o tradiction.®

174

Experiment 3. Plate X. Fig. 3.] Let two equal
Bodies P and Q fall from contrary Sides with
equal Velocities, and as foon as they meet they
will be at reft.

Cafe 4.] Two Bodies moved with different Pelo-
cities contrariwife, after baving [fruck ome another,
awill both together continue their Motion in the fawe
Direttion, towards that Side where there is moft
Motion; and the Quartity of Mation, after their
ameeting, is equal to their Difference of Mation before
the Streke.

‘The
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The greateft Motion overpowers; therefore -

the Bodies muft be carried together the Way that
the Motion is direfted; * and a Body, which
has a lefs Quantity of Motion, is carried in the
fame Linc (but in a contrary Direttion) as be-
fore the Stroke; for this is required, that by the
A&ion of one Body, the whole Motion of the
other be deftroyed, which cannot be done, unlefs
that Body by the Re-aétion lofes an equal Quanti=
ty of Motion; there remains therefore only the
Difference of the Motions.

Mulriplying the Mafs of each Body by its Ce-
lerity, we have the Quantities of Motion; the
leaft of which muit be fubftracted from thegreater
to have the Differenee of the Motions; which
Difference, if it be divided by the Mafs of both
Bodies, will give the Celerity after the meeting
of the Bodies.

Experiment 4. Plate 10. Fig. 4.} Let the Body
Q be moved with the Celerity 14, and an equal
Body P in a contrary Direftion with the Celerity
65 after meeting, the Body Q continues its Mo-
tion, and carries along with it the Body P with
the Celerity 4.

Becaufe of the Equality of the Bodies, the
Quantities of Motion will alfo be 14 and 6;%
and their Difference is 85 which Number being
divided by 2, the Mafs of both Bodies, the Quo-
tient 4 will be the Celerity after the Stroke.

DeriniTion IIL

W call Relative Celerity, thar with which one

9dy is carried towards anothery or with which twe

Bodies are [eparated; in Motions direted the fame

Vay, it is the Difference of the Celeritics of the

odies; and, in contrary Motions, it is the Sum
of the Celerities.

In

*168
169

‘ES
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176 In the Congrefs of Bodies,the Stroke is proportional

20 that Relative Celerity. For the Force of Bodies,
{triking againft each other, is increafed or dimi-
ﬂiﬂ)(‘d,dCLOidl g to the (‘L.u' y with which two
Bodies come towards 6ne another.

CHAP XXL
Of the Congrefs of Elaflic Bodies.

N Elaflic Body, whole Figure is changed

by any Force, will, when the Aétion of

that Force ceafes, by its Elafticity or Spring, re-
*,, turn to its firlt I‘xgme *

DEFINITION.
175 A Body bas perfeCt Elafticity, when if returns to
“dts firfh i igure, qwith the fame Force with which it
was prefs'd in.
s78  In that Cafe, the Stroke; arifing from the Refti-
tution of the § prj}fg., is equal to the Stroke by which
the Figure of the Body was alter’d.

In this Chapter we {uppofe this Sort of Elafti-
city, tho’ we know no Bodies pertettly elaftic:
in different Bodies, the Force by which the Parts
return to their former Figure is very unequal,
for which Reafon we can give general Rules only,
concerning perfect Elii{huw, ‘the nearer Bodies
approach “this Elafticity, the more exaély will
their Motion agree with thefe Rules.

The E\:ncrimcnts, that we fhall mention in
this Chapter, -are to be made with the fame Ma-

*170 chine * that the Experiments of the laft Chapter
were made with; and‘here we are to ufe Ivor
Balls, fuch as are mention’d in the Defeription
of the Machine; for the Want of perfeét Elafti-
city, and the Refiftance of the Air, do not make
a {enfible Error in the Experiments; which alfo,

when
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when Neceility requires, may be correéted by de-
termining the Difference arifing from it.

Which Way foever two Bedies firike againft
each other, the mutual A&ions of the one againit

the other are always equal®* By that A&ion *

the Parts of Bodies are pufh’d inwards, and that
with equal Force in both Bodies; by their Elafti-
city alio they return with equal Force to the
firlt Figure. The A&ion of Bodies upon each
other, from their Reftitution by their Spring, is
equal to the firt Action from the Stroke;*
whence it follows, that sbe AFion of Bedies upen
each other is double in elaflic oness that isy double in
re/pect of cach Body confider’d fingly, becaufe of the
Equality of the Aétion in each. The Change there-

fore, which in that Cafe is produced in the Motion of

each Body by the Stroke, is double that awhich the
Stroke would by the [ame Motion produce in Bodies
that bave no Elafficity; and as, in refpet of thefe
Bodies, the Ch;fngc (both in refpect to the Quan-
tity of Motion, and in refpelt to the Celerity) is
determined in the foregoing Chapter;. we may al-
fo determine what the Change will be in thofe,
that is, in claftic Bodics: In which the following
Rules ave to be obferv’d.

RULE L
When Bodies that are not elaflic firike againft
each orhery if ome Body acquiies a cervain Quantity
of Motion, it would require twice as muchy if the
Bodies were elaftic s and this donble Quantity 15 to
be added to the firft Motion, in order to deterigine
the Motion after the Siroke.

RULE IL

Ihen two Bodies that ave not elaftic fivike agzinf

s j b

Mo~

each other,if one Body lofes a certain Quansity of

Yiony it awould lofe twice as muciy if tie Bodies were

ola&ic:
elaficy
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clﬂym, and that double Quantity muft be [ubfiratied
from the firft Mbotion, in order to deterimine the Mo-
tion after the Stroke.
W hat is {aid of Motion mutft alfo be under{tood
of Velocity; becaufe in the fame Bmy the Mo-
*63 tion is proportionable to the Velocity.*

78

Experiment 1. Plate X. Fig. ¢.}* Letthe Body
P, whofe Mafs is 2, and Ccle: ity 9, ftrike againit
Q, a Body at reft, whofe Mafs is 1; after the
Stroke, Q_moves with the Velocity 124 and P
continues its Motion with the Velocity 3; which .
agrees with the former Rules: For if the Bodies
were not elaftic, the Celerities of both after meet-
“1"1 ing would be 6;* and fo the Body Q would ac-
* 80 quuc 6 Dcoreeq ane]')mty, and by Rule1.*there-
fore it muft acquire 12 Degrees; the Body P lofing
“181 3 Degrees of Velocity, by Rule I1.* muft lofe 6,
which if you take from 9, the former Velacity,
there remain 3 Degrees of Velociry.

Experiment 2. Plate X. Fig. 6.7 If the Body
P, whofe Mals is 2, and Velocity 8, ftrikes the
Bod}: Q_, whofe Mafs is 1, and Wthh is carried
the fame Way with the Velocity g3 after the
Stroke, the Body Q_moves with the Vcloc:r.y 04
and P with the Velocu:y 3 which again might
have been determined by the foregoing Rules.

If the Bodies had not been elaftic, both would
hwc moved after the Stroke with the Celerity

*# the Body Q_would acquire 2 Degrees of Ce-
1 vw, which, by Rule I. muft be doubled, and
added to ¥, the firft Celerity, which gives us ¢:
The Body P lni’f one Degree of Velocity, and, by
Rule 11. 1t muft lofe 2 J’wn efore it has 6 lcic

RULE
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RULE 1L

W her o Body Iofes its whole Motion, and acquires
a Motion the contrary Way, thofe two Motions muft
be collefied into ome Sumy in order to have the Motion
that is loft.

Hhen the Quantity, which is to be [ubfiratted by
Rule 11. exceeds the Quantity of Motion before the
Stroke, from which it muft be (ubftvatted, that whole
Quantity of Motion is defiroyed, and what remains,
(thac is, its Difference from that which it fheuld
have been fubftradted from) gives the Motion the
contrary Way. '

Ezxperiment 3. PlateX. Fig. 7] Let the Body
P ftrike with the Velocity 12 againft another Bo-
dy Q, which is three times as heavy, and at reft,
and it will rerurn with the Velocity 6. In this
Cafe, Bodies not claftic would move with the Ce~
lerity 35 therefore the Body P would have loft o

egrees of Velocity, but by Rule I1. * it muft
ofe 18; which if you fubftrag from the former

elocity 12, you have 6 Degrees the contrary
VV&_Y, by Rule 111.# In this Manner may be de-
termined, by the following Experiments, what is
aid down in the Rules.

Experiment 4. Plate X. Fig.8.] Let the Body
be carried with the Velocity 19, the fame Way
_Q,, that is, three timgs as heavy, and move
With the Velocity 3; after the Stroke the Body
Teturns with the Velocity .

as

B‘J:‘:_Apz’rf;;ﬂmf g. Plate X. Fig. 0.] Let the two
odies P and Q come towards one another with
eﬁ_llﬂi Quantities of Motion; after the Stroke both
_“;31 return with the fame Celerities with which

1€y came upon cach other.
E.‘-’Jﬁo"
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Experimens 6. Plate X. Fig. 10.] Let P with
the Velocity 5, and Q of triple the Weight, with
the Velocity 11, move in contrary Directions; af-
ter the Stroke, Q continues its Motion with the
Celerity 3, and P returns with the Celerity 19.

Experiment 7. Plate X. Fig. 11.] Let the fame
Badies P and Q_be carried in contrary Direttions,
P with the Celerity 16, and Q_with the Celerity
83 both will be refleéted after the Stroke, P with
20, and Q with 4 Degrees of Velocity.

All the Cafes of the Percuflions of elattic Bodies
/may-be determined by the Rulesabove-mention’d

" the following remarkable Obfervations are allo de-
duced from them.

183 When the Bodies are equaly and move the [ame
Hay, they continue their Motions, intercbanging
their Felocities 5 if they move contrariwife, then they
are vefleGted from each othery likewife interchanging
their Velocities.

Cafe 1. Plate X1. Fig. 1.]® Let the Bodies move
the fame Way, and let A B be the Velocity of
one Body, and B C the Velocity of the other;
the Velocities here are as the Quantities of Mo-

eg, tion* Let the Line A C be divided into two
" equal Parts at D, and let D4 be equal to D B;
AD or DC gives the Celerity of each Body af=
#,,, ter the ‘Stroke, if they are not elaltic; *{o the
Celerity B C is increafed by the Quantity D By

but as it muft be doubly increafed becaule of the
*:30 Blafticity, * it will become & C: The Celerity
A B, in Bodies not claftic, is diminifhed by the
Quantity, DB; but it muft be diminifhed by
double that Quantity, for the Reafon above-men-

181 rioned ; * and thercfore it will now become Aé-
T herc~

=
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Book i. of Natural Philofiphy. B
Therefore the Velocities A B and B C are chang-

ed into the Velocities AZand 4 C; but AB and

6C, as allo BC and A, are equal to one ano-
ther.

Experiment 8:] Let two equal Bodies P and Q@ ,
the firft with the Velocity 10, and the other with
the Velocity y, be carried the fame Way; they
will continue their Motion after the Stroke, inter-
changing their Velocities: Which alfoagrees with
the Computation by the foregoing Rules.

Cafe 2. PlateXI. Fig. 3.] Let AB be theCele-
tity of one Body, CB the Celerity of the other;
let the Difference A C be divided into two equal
Parts at D, and let A% be equal to CB. When
the Bodies are not elaftic, the Velocity of each of
them, after the Stroke towards the fame Side, is
AD ; *therefore the firft Body has loft the Velo= » ;5
city DB, and the other has loft the whole Velo-
city CB, and acquired D C the contrary Way 3
therefore the whole Quantity loft isalfo DB; ¥,
if this Quantity be doubled, it will be #B, the
Quantity of Celerity loft by both Bodies; * thie # ;g4
Difference of that Velecity with the Velocity of
each Body, does in each Body give a Velocity the
Contrary Way ;3 * that Difference for the Motion * 12
ABis b A, and for the Motion CB is Cé; but

Cs and AB, asalfo #A and CB are equal to each
other,

Experiment 9.] If the equal Bodies P, with the

selerity 10, and Q_with the Celerity y, are car<

ried contrariwife, they will both be refleéted after

the Stroke, interchariging their Velocities.

When an claftic Body [frikes another equal to it 184

?hat is at reff, that the Velocities may be chariged,
the percutient Body will be ot reft affer the Strokes
G and
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and the other will go on with all the Velocity of the
Percutient : Which is confirmed by

Experiment 10.7] Let the Body P, with the Ve-
locity 10, ftrike the Body Q which is at reft; P
will be at reft after the Stroke, and Q will go for-
ward with the Velocity 10. And this ferves to
explain the following

Experiment 11.] 1ff, Let feveral equal Bodies
P, Q,R, S, T,V, (Plate X1. Fig. 3.) be placed
in the fame Line, and touching one another; if
the Body frike againft Q with any Velocity, af-
ter the Stroke, P, Q. R, S,and T, will remain
at reft, and V only be moved.

2dly, Let P and Q move with equal Velocities,
fo that Q may ftrike againt R ; after the Stroke
P,Q,R,and S, will be at reft; but T and V will
move forward together.

3dly, If Three are let go together, they will al-
{o ftrike off Three,

4thly and lattly, If P,Q,R and S be moved at
once, fo that S firikes T, after the Stroke P and
Q_will be at reft, and R, S, T,V will move toge-
ther. 1In general, let the Numbers of Balls be
what it will, how many foever move on before
the Stroke, {o many alfo will move off in the
fame Direction after the Stroke.

Inthe firft Cafe, the Body P ( PlateX1. Fig. 3.)

2 184 ftrikes Q, and then is at reft, * Q frikes R, and
2

is allo at reft after the Strokes; and fo it happens
to the others, till at laft T firikes V, which, ha-
ving o Obfiacle to ftop it, does alone continue
in Motion.

In the fecond Cafe, the Body Q (Plate XI.
Tig. 4.) does in the fame Manner drive forward
the Body V'3 P immediately follows, and ftrikes
Q, which, on account of the firft Stroke, was

at
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at reft, but now communicates its new Motion
forward to T, (in the Manner above-mentioned )
which is not able to flrike V, that is already in
Motion; and as the Motions of P and Q are e-
qually {fwift, and thofe Bodies follow one another
very clofe, there is no fenfible Time between
thofe two Communications of Motion; which is
the Reafon that the Bodies V and T are moved
equally {wift, and not {eparated from each other.

The velative or refpettive Felocity, with which

*wo elaftic Bodies whatever vecede from each other
after the Stroke, is the fame as the refpective Velo-
city with which the Bodics came againff one ano-
ther.
_ If the Bodies were not elaftic , they would
Jointly continue their Motion; * and in that Cale,
by the A&ion of the Bodies upon each others the
Whole refpetive Celerity, by which they cowme
to one another, is deftroyed; the Action from the
Rettitution of the Spring is equal and contrary,
* and therefore it muft generate the fame refpe-
&ive Celerity, with which they recede from each
Other. Let the Inequality of the Bodies be what
Twill, nothing is changed thereby, becaufe of
the Equality of the firft and fecond Aétion upon
€ach Body.*

Tie Quantity of Motion towards the fame Sides
O the Jame Way, is the fame after as before the
Stroke. ‘ '

. For Bodies that are not ehftic, this Propofi-
lion js proved in all Cafes; * for when the Mo-
tons do not confpire, the contrary Motion muft

€ {ubftraéted from the Motion one Way, in or- 7

°' to determine the Motion that Way. By the

eftitution on account of the Elafticity, cqual

bﬂamitics are gencrated towards each Side, *
Y Which the Quantity of Motion towards one

=€ is not changed. Thefe two laft Propofirions
Gz are

18¢
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are folly confirmed by the above-mentioned Ex-
periments,

187  HWhen a [nall Body flrikes againft another greater
Body, which is at reft, the great Body acquires a
greater Quantity of Motion than the [mall one had
before the Stroke.

The Quantity of Motion, acquired by the great
Body, is double the Quantity which the little one
would lofe, if the Bodies had no Elafticity; but
in that Cafe, the little Body would lofe more than

* 180 half its Motion*,
171

Esperiment 12. Plate XI. Fig.7.7] Let the Bo-
dy P, with the Velocity 1y, (which Number al-
fo does here exprefs the Quantity of Motion ) ftrike
the Body Q, which weighs four Times as much,
and is at reft; the Body Q acquires the Velocity

* 171 6; * that is, 24 Degrees of Motion. But the

150 Body P returns with 9 Degrees of Velocity; and
fo the Quantity of Motion, towards that Way

# 186 where P was firft directed, continues to be 14.%

The Motion is more increafed in the Body Q,
by the Interpofition of a Body of mean Bignefs
between the Bodies P and Q.

188  Experiment13. PlateX1. Fig. 8.7 Let there be
the two Bodies P and Q_before-mentioned, and
between them the Body R double the Body P 5 if
the Body P, with 18 Degrees of Velocity, comes
upon R which is at reft, it will communicate to 1t

* 371 12 Degrees of Velocity ; * with which if this Body
180 firikes upon Q_that is at reft, it will communi-
cate to it the Celerity 8, that is, 32 Degrees of
Motion; but in this Experiment, becaufe of the
double Percuffion, the Error arifing from the
Want of perfeét Elafticity, is more fenfible than

in the others, where there is butr one Percuffion,

an
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and fo the Quantity of Motion, acquired by the
Body Q, is about 30.

The greater the Number is of unequal Bodies, 189
awhich are interpofed between two Bodies, if the Maf
fes abways increafe from the firft to the lafty fo much
the greater will the Quantity of Motion be in the
greateft 5 and it will be the greateft of all (the Num-
ber of Bodies interpofed remaining the fame) when
the Maffes of all the Bodies increafe in a Geometrical
Progreffion. ™

Tho’ the Quantity of Motion, diretted the
fame Way in the Congrefs of Bodies, whether
elattic or not elaftic, remains the fame, the Quan-
tity of the Motion itfelf does not always remain
the {ame, but is often diminifh’d, * and alfo often * 173
increafed ; * fo that there is noReafon to fay, that 154
there is always the fame Quantity of Motion in =L
the World.

CH AP XXIL
Of compound Motion, and oblique Perctffton.

Bodyin Motion may be afted upon bya new
Force, and driven according to another
Dire&ion; in that Cafe the Change of Motion
follows the Proportion and Direétion of that

Force: * And as the firft Motion is not deftroy’d * 123
by that A&ion, from thefe two Motions a third

arifes, according to a new Direction.

Let the Body P (Plate X1. Fig. 9.) be driven 190
by any Force, according to the Direction P C, and at
the fame time let it be driven by another Force, ac-
cording to the Direftion PBy and let the Celeritiesy
arifing from thofe Forces,y be as thofe Lines PG,
PB. 'In order to determine what will happen, lec
Ehe ParallelogramP B A Cbecom pleated, by draw-
ing the Lines BA, CA, parallel to the Lines
above-mention’d ; Jet PA be the Diagonal of
G2 that,
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that Parallclogram. Let the Body be fuppofed
by the firft Force, that is, with the Celerity P C,
to defcribe the Line P C, and let that whole Line
be carried along in the Direction, and with the
Celerity PB; when that Line is come to 44, the
Body will be at p, fo that P 4 will be to PB, as
bp to ba, or AB, thatis, it will be in the Dia-
gonal P A, and fo always. When the Line PC
is at B A, the Body will be at A; therefore from
a Motion compounded of the two Motions above-
mentioneds there arifes a Motion along the Diagonal
P A, whafe Celerity is proportional to tha Length of
the Diagonal; * for the Diagonal will be run
thro® in the fame Time by the Body P with a
compound Motion,as the Line PB or PC would
have been gone thro’ by the fame Body, by only
one Motion; that is, afted upon by one of the
Forces.

To confirm’this Propofition experimentally, we
muft make ufe of the following Machine.

It confifts of two Boards, or wooden Planes,
CDE, CDE, (Plate X11. Fig. 1.) of the Figure
of -a right-angled Triangle, whofe Side CD is in
Length about 3 Foot and a half,and the Side DE
about 1 Foot and a half; thefe Boards are fixed fo
as to move in a vertical Situation about the Hinges
A and B.

The Experiments upon this Machine are made
with Ivory Balls of an Inch and a half Diame-
ter. 'The Planes are {o joined, that if you con-
ceive two other Planes to run parallel to them,
at the Diftance of a little more than a Semi-~
diameter of the Balls; the Lines, in which thele
imaginary Planes inter{ect, fhall be the Axis of
their Circumvolution: Which is brought to pafs
by the Contrivance of the Hinges, (Fig. 2
whofe Pares 4, 4, are let into the Wood to be the
firmer. In the Center of the . upper I-Iil"lgt’:l A,

therc
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there is a fmall Cylinder 4, (Fig. 2.) in whofe
Cafe there is a Hole, which meets another in the
Side, thro’ which the Thread 5 is to runj; at
one End of this Thread a Ball, as P, hangs, and
the other End is joined to the Key /. By Help of
the Screws F,F,F,F,F, this Machine is fet per-
pendicular; o as to have the Thread 57 hang in
the Axis of the Machine.

At m, m, there are two Pins fix'd to the two
Planes, from which Pins theBalls Q , Q_, hang,
at fuch a Diftance from the Planes, that they may
almoft touch them; fo that if you fuppofe a
Line to pafs thro’ the Centers of the Balls P and
Q,, it fhall be parallel to the Plane on that Side:
Befides, it is required, that, when thofe Balls
hang at the fame Height, they fhall touch one
another.

The Threads which are tied to the Balls go
thro’ the Holes in the faid Pins, and are fix’d to
the Keys //, fo that the Balls may be raifed or
let down cafily, and have all their Centers brought
to the fame Horizontal Plane. There is a Brafs
Ruler, or graduated Limb R, bent up in the Arc
of the Circle, {0 as to have the Ball P rifc along it
M jts Motion; and this Limb turns one of its
Ends on a Center which is in the Axis of the
Machine. 'This Piece of Brafs ferves to fhew to
What a Height the Ball P afeends.

),Ench Ball Q , when it fwings,moves along the
Plane to which it is applied; and the Height,
from which it is made to fally is fhewn by an In-
ex fixed to the Plane; to which End there are
our Holes in each Pline containing equal An-
8les, in refpet to the Motion of the Threads.

When the Ball Q is let fall from any Height,
It firikes upon the Ball P, and drives it to the
fame Height in the fame Direftion.®

G 4 Expe-

87
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Experiment 1] The Horizontal Setion of this
Machine is here reprefented, (Plare X11. Fig. 3.
and 4:) the Body P may be driven by either of
the Bodies Q , with any Direétion and Velocity.
If the Bodies Q and Q_are let fall at the fame
time, the Body P has two Motions imprefs’d upon
it at the fame time,* and therefore runs in the
Diagonal P p of the Parallelogram made in the
Manner above-mentioned, * to exprefs thole two
Motions, and runs up to an Height proportionable
to the Length of that Diagonal.

The Experiment anfwers very exattly, whether
the Balls Q and Q arcletfall from the fame Height,
or from uncqual Heights j and whatever the Angle
be that is made by the two Planes, that is, by the
Diretions of the Motions, whether the Angle be
right, acute, or obtufe.

A Body moved any bow in the Right Line PA,
(Plate X1. Fig. 10.) inay always be confider’d as
atled upon by two Mutions; and that as many Ways
as you pleafe: For you may draw as many dif-
ferent Parallelograms as you pleafe, as PB, AC,
pbac, pbac, whofe Diagonal is the Line above-
mentioned; and, in every one of them, if there
be fuppoled two Forces ating in the Direétions
PBand P C, from which the Celerities which the
Body would have are as the Sides PB and P C, a
Motion will always be produced by the Aétion of
them both at once, which will give a Celerity pro-
portional to the Diagonal.

From this Refolution of Motion into two other
Morions, may be determined the Motion of Bo-=
dies thar {trike one another obliquely.

Let Q (Plate X1. Fig. 11.and 12.) be at reft,
and P with the Direétion and Cclericy B
{trike againft it. When P is come to A, draw
thro’ the Centers of both Bedies the Line D Bg
an
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and then PB perpendicular to it, and compleat
the Parallelogram A B P C, the Motion along P A

is refolved into two others along P B and PG,

or B A, C A: By the Motion in the Direétion

C A, the Body P does not at upon the Body Q ;
the Aéion therefore arifes folely from the Mo-
tion in the Direétion along B A, that is, the Bo-

dy P, by the oblique Stroke along P A with the Ce-
lerity P A, aéls upon the Body Q_» in the fame Man- 193
nery as if it fbould [trike it diretly along B A with
the Celerity BA. And fo the Motion of the Bo-
dy Q from that Ation, whether the Bodies be
elaftic or not, is derermined from what has been
faid of direét Percuffion.

The Motion of the Body P (Plate XI. Fig.11.
and 12.) after the Stroke, is deduced from the
fame Principle; the Motion along C A is not
changed; therefore by that Motion, with an equal
Celerity, the Body P is carried in the Diretion
AE. Now let AE be equal to C A; the Change
in the Motion B A is determined, in refpect of
the Body P, in the fame Manner as the Motion
of Q, by the two foregoing Chapters; let the
Celerity of that Motion be A D, in Fig. 11. when
the Body goes forward, and in Fig. 12. whea
it returns back ; from that Motion, and the Mo-
tion along A E, arifes a compound Motion in the
Diagonal A p, which, by its Situation and Length,
denotes the Diredtion and Celerity of the Body
P afier the Stroke*

When Bodies are equal and elaftic, the whole &
Motion along B A is deftroyed by the Percufli- )
on,* and only the Motion along C A is left, and =, 4
the Body P is alfo carried in that Direétion. In
that Cafe, both the Bodies do always fly from each
other in Direttions that are at Right Angles with one
anotber, which Way [iever the Body ¥ comes upon
tae other Body. j :

*100

E xpoe
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Experiment 2. Plate XII. Fig.'¢.] In the Ma-
chine defcribed Numb. 191. let the Ball Qand P
hang; having fet the Planes at Right Angles;
let the Body Q with any Direétion, and from any
Height, come down upon: P, and ftrike againft
it: after the Stroke the Bodies will follow the
Directions of the Planes, and rife to Heights,
which may be determined by what has been f(aid
hitherto.

We may alfo the fame Way determine the Mo-
tion of two Bodies after the Stroke, when both
Bodies are moved, which Way foever they come
upon one another. The chief Cafes are repre-
fented in Plate X111 and all of them are explained
exactly the fame Way.

Plate X11I. Fig. 15 2, 3, 4, 55 and 6.]° Let
the Body P be moved with the Direction and Ce-
lerity P A, and the Body Q , with the Direttion
and’ Celerity Q 4; draw the Line B 4, which
gocs through the Centers of both Bodies where
they touch one another, and let CA and ¢ 4 be
drawn perpendicular to the Line above-mentio-
ned, and: let the Parallelograms P B A C and
Q 4 a ¢ be compleated. The Motion of P is re-
folved 1to two others, of which the Celerities
and Directions are exprels’d by CA, BA. The
Motions, into which the Motion of Q is refolved,
are expre(s’d by ca, ba; by the Motions along
C A and ¢ @ the Bodies do not aét upon one ano-
ther; therefore thefe Motions are not changed,
and after the Stroke are expre(s’d by AE and 4 ¢,
which are equal to AC and ac; the Percuffion,
from the Motions in the Lines B A b4, is diret,
and determined in the foregoing Chapters: Let
the Body P move towards D, and its Celerity be
AD, and the Body Q_move towards 4 with the
Celerity a4 d.  After the Stroke therefore, the
Motion
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Motion of the Body P is compounded of the
Motions along AE and AD, and moved in the
Diagonal A p. The Motion of the Body Q,
after the Stroke, is compounded of the Motions
along a¢ and ad, whence that Body is carried
in the Diagonal s¢; and the Lengths of thofe
Diagonals exprefs the Celerities of the Bodies af-
ter their Meeting. In the 1ft, 2d, and 3d Figures
the Bodies are fuppofed not elaftics and in
the 4th, sth, and 6th, the fame Bales arc put,
fuppofing the Bodies elaftic. There are fome

etters wanting in the firflt Figure, becaule the
Points, which are marked with thofe Letters in
the other Figures, do here coincide with othet
Poinrs, and arc not neccflary for determining the
Motions.

C H AP XXIIL
Of Obligue Powers.

'‘HE Body P (Plate XI11. Fig.7.) being dri-
ven in the Dire&ions P B and PC, with
-eleritics proportionable to thofe Lines; from
thence arifes a Motion zlong P, the Diagonal
of the Parallelogram P B A C, with a Celericy

that is denoted by that Diagonal; * if there be a *190
third Force a&ing along the Line Pa, fo that the
CClcritv arifing from it be P A; by that Aétion
the Aétions of both the faid Forces are deftrayed,
aﬂg_thc Body comes to refk: If the aforefaid
Ctions continue, the Body will continue at reft;
Which happens when the Body is drawn rowards
Cy B and 4, with the faid Forces pulling by

hreads. " Whence it follows, That a Body will 1 06

e at veft, which is draws by three Powers, that 4

are tg one another, as the Sides of a Triangle made by
ines parallel to the Directions of the Powers. i

2 = D
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197  This Propofition is confirmed experimentally,
by the Machine reprefented in Plaze X1I1. Fig. 8.
It confifts of a round Board of about 8 Inches
Diameter, which is in a horizontal Pofition, and
{fuftain’d by a Foot: Round the Edge of ity
within the Thickoels of the Wood, is a Groove
whereby Pullics are applied at Pleafure to any
Part of the Circumference; for cach Pulley hasa
Brafs Plate perpendicular to it, which fits into
the Groove, when the Pulley is applied. Sce the
Pulley with the Plate reprefented by F.

The Board above-mention’d is a little hollowed
in, in the upper Part, fo as to reccive a lefs or-
bicular Board DF A, whofe Thicknefs is about a
Quarter of an Inch, and its Surface rifes a little
above the firlt Board ; {o that a Thread that runs
over any of the Pullies, being extended horizon-
tally, may juft touch the faid Surface.

You muft have feveral of the leffer round
Boards, for making different Experiments. They
kave Paper pafted upon them on both Sides, that
the Lines (to be mentioned hereafter) may be the
more eafily drawn upon them.

Experiment 1.] Let C be the Ceater of the
fmall Board, and let there be drawn upon it the
Triangle ABC, whofe Sides are to one another
as 2, 3, and 4: Let CE be parallel to the Side
A B of the Triangle, and let the Side A C be con-
tinued towards ID.

. Now if there be three Threads joined together

at C, and ftretched over the Pullics faftened to
the greater Board, {o as to be in the Lines CD,
CE, and CBj if to the Thread CD you hang
4 Pounds, to CE3; and laftly, but 2 wo the
Thread CF, the Threads will not be mov’d, and
the Knot remains over Cy but if it be mov'd out
of that Point, it will not be at reft.

In
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In this Propofition any two Powers are balan-
ced by a third, that is, aét but as onc; which
ats contrariwife in the Direction of that third.
Therefore the Afions of two Powers may be veduced 198
10 the Attion of one.

So, when a Point is drawn by four Powers,
there will be an Aquilibrium, if reducing two
Powers to one, this new Power, with the other
two remaining, be in the Pofition of Numb. 1963
that is, if rhofe remaining Powers being allo re-
duced to one, the Power arifing thence be equal
with, and ats contrary to the new Power men-
tioned.

Esxperiment 2. Plate X1I1. Fig. 9.] The Point ;o
C is drawn by four Threads; towards B by the
Weight of 1 Pound, towards F by 3 Pounds,
towards E by 2 Pounds; and laftly, towards
D by 4 Pounds; and this produces an /Equili-
brium. Having drawn the Triangle CF g, or the
Parallclogram CF 2 E, the abovelaid Powers,
drawing in CF and CE, are reduced to onc that
aéts in the Direétion Ca, with the Force of 4
Pounds; and then the three Powers, drawing in
the Lines CB, CD, Ca, give us the Cafe of
Numb. 196: And therefore 1f the Powers, draw-
ing along CB and CD, be reduced to one draw-
ing along C A, it will act in the fame Direction,
but pull againit the Power pulling in Ca, and be
equal to 1t.

Wihat is here faid of the four Powers, might
be faid of five or more; for of five, if two be

Tédglced to one, we come to the laft mentioned
ale.

Experiment 3. Plate XIV. Fig. 1.] The Point 300
C is drawn by 5 Powers, pulling by the Threads
CA, CB, CD, CE, and CF; the Powers are

3 to
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are to one another as the Weight by which the
Threads are drawn, and they have the fame
Proportion to one another as the Numbers that
you fee at the Pullies in the Figure, and you
have an Aquilibrium.

The Powers, drawing in CB and CD, are re-
duced to one drawing in CG.

The Powers, drawing in CE and CF, may be
reduced to one ating in CH ; which brings us to
the Cafe of Numb. 196. Lattly, thofe two new
Powers, drawing in CH and CG, are reduced to
one acting in Ca, which are equal to the fifth
drawing along CA, and pulls in the fame Line,
but contrariwife.

201  Befides this, we deduced from the Propofition

mentioned Nubh. 169, that the fame Thing may
be faid of #be Aiion of the Power, which has been

faid concerning Motion in the foregoing Chap-

*19zter; * namely, that it may be refalved into the Asi-

ons of two other Powers, and that in numberlefs
Manners, becaule Triangles of numberlefs Kinds
may be made, tho’ you keep one Side ftill thefame.
Thus in all Engines we can reduce a Power, that
acts obliquely, to a dire& one; and can determine
the Proportion between a direét and an oblique
one: Which will appear by the following Ex-
amples, that arc confirmed by Experiments.

2 Experiment 4. Plate XIV.Fig. 2 and 3.] To the
Lever AB, whofe Brachia are equal, apply at B
the Weight P of two Pounds, and at A a power
alting obliquely in the Direétion A D, and which
is reprefented by the Weight M.  If you imagine
a Line, as D E, parallel to the Lever in a horizon-
tal pofition, and AE perpendicular to that Lever;
and if AD beto AE as 3 to 2, and the Weight
M be of three pounds, there will be an Aquili-
brigm.
Tha
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The Dircétion of the Motion of the Point A,
by the Motion of the Lever, is perpendicular to
the Lever, therefore it acts in the Line E A pro-
duced. As the Diftance B A always remains the
fame, in the fecond Figure A is hindcred from
coming towards B, and as it were repelled in the
Direétion BA; in Fig. 3. the Point A is hindered
from receding from B, and {o A is as it weredrawn
towards B. Befides, the Point A is by M drawn
towards D ; therefore that Pointisdrawn by three
Powers, whofe Direttions are parallel to the Sides
of the Triangle A ED; which therefore, to pro-
duce an Aquilibrium, muft be to one another as
thofe Sides. '

The Point A, by reafon of the Equality of
the  Diftances- of the Points A and B from
the Fulcrum, moving along EA, is drawn with
the fame Force as P defcends, that is, with the
Force of two Pounds; the Force therefore along
AD maft be of three Pounds, becaufe the Sides
ADand AE are to one another as 3 to 2.
The Side DE exprefles what the Fulerum
fuftains by the Force with which the Point A
n Fjyg. 2. is pufhed towards B, or is drawn
from 1t in Fig. 3

The fame alfo may be faid of an eblique Power
to the Axis in Peritrocliio.

Esxperiment 5. Plate X1V .Fig.4.] Letthe Weight 20

s fixed to a Pulley, be {uftained by Powers
applied on both Sides to the running Rope, but
rawing obliquely in the Direftions C A and
B; thefe Powers are rquai to one another, be-
Caufe no Part of the Rope, that goes about the
tlley, can be at reft, unlefs it be equally drawn

95

2

on both Sides. * The Weight P is as it were a #3;

third Power, and fo the Point C is drawn by
- three
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three Powers; {uppofe the Line C E perpendi-
cular to the Horizon, and the Line AE parallel
to CB: IfFCEbe to AE or AC (for thefe two
Lines are equal, becaufe of the above-thentioned
Equality of the Powers drawing along C B,
*196 CA; *) as 6 to 1, the Weiglit P of 6 Pounds
will be fuftained by the Weight Q_and Q_of
¢ Pounds ecach; the Reafon of which is evident
by Prop. 196.
If one End of the running Rope is faftened to a
Pin, the Weight P will be {uftained by only one
of the Weights Q.

204 Experiment 6. Plate XIV. Fig.5.] If the Weight
P be not joined to the Pulley, but fuftained by
the Rope CA and CB faftened «to it, it may
be fuftained by two unequal Powers. Draw the
Triangle C A E, as was done in the foregoing
Experiments, and let AE be 11, and CA 123,
and CE 12 ; you fhall have an Aquilibrium, if
the Weights Q and Q are to Py as the firft Num-
bers to the laft; the Reafon of which Experiment
is alfo evident from Numb. 196.

20¢ Here we are to obferve, that from the given
Inclinations of the Threads CA and CB to the
Horizon, the Proportion of the Weight Q_and
Q to the Weight P may be determined by T'ri~
gonometrical Tables. If in the Triangle ACE
you conceive a Line Ae drawn thro’ the Point
A parallel to the Horizon, and that Line be
taken for a2 Radius of a Circle, CA will be the
Secant, and eC the Tangent of the Angle which
C A makes with the Horizon, and A E will
be the Secant, and ¢E the Tangent of the Angle
of Inclination of the Thread CB to the Hori-
zon: W hence it appears that the Weights Q, Q.
are proportional to the faid Secants, and that the

Weight
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Weight P follows the Proportion of the Sum of
the aforefaid Tangents.

On the Machine with which thefe laft Experi-
ments are made, (the Make of which the Figure
alone fufficiently exprefies, efpecially if it be com-~
pared with the 4th Fig. of Plate1V.) draw Lincs
along which the Threads that go over the Pullies
may be ftrerched 5 in the Middle of the Lines
write down the Numbers, which exprefs the Se-
cants of the Angles which thofe Lines make with
the Horizons and, at the Ends of the Lines,
write down the Numbers expreffing the Tangents
of thefc Angles.

Now in every Cafe where there is an Aquili-
brium, the Weights Q_and Q_are as the Num-
bers in the Middle of the Lincs along which the
Threads are firetched; and the Weight P as the
Sum of the Numbers at the Ends of thole two
Lines.

Exporiments. PlateXIV. Fig.6.] For this Ex- 206
periment we muft make ufe of the Machine of
Nuinb. 143. Plare V11, Fig.7. The Bady M, be-
ing laid upon an inclined Plane A B, is fultained
by a Power drawing along MS5; let MR be a
Line perpendicular to the Horizon, and ASR
perpendicular to the Surface of the Plane; in e-
very Cale where the Weight P is to the Weight
of the Body M, as M S to MR, the Body will
be at veft.

The Body M by 1ts own Weight is drawn in
the Direftions R M, by the inclined Plane it is
fuftained in a Direction perpendicular to the Plane,
and {o thar Experiment is reduced to the Propo-
fition of Numb. 196.

Experiment 8. Plate X1V, Fig.7.] The Brachia 207
of the Lever ACB are equal; and form fuch an
- Angle,
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Angle, that if A C be continued rowards D, and
BD be drawn perpendicular to CD, DC fhall
be the Half of BC or CA. At A hang one
Pound p, and at B the two Pound Weight P; then
fetting the Brachium C A in a horizontal Pofition,

* 105 you will have an Aquilibrium ; * becaufe the

Weight P hangs, as it would do upon a ftreight
Lever hanging at the Point D.

Change the Weights, and Tet the greater hang
at A, and the leffer be laid upon the Brachium
BC at B; (Plare X1V. Fig. 8.) if by a vertical
Plane you hinder this laft Weight from falling off,
you will again have an Equilibrium.

The Brachia of the Lever are equal, and by the
Motion of the Lever move equally ; therefore, by
the Force of the Weight P, the Weight p is as it
were drawn towards E, in the Dire&ion perpen-
dicular to the Brachium BC; by the A&tion of
the vertical Plane, that Weight is pufh’d horizon-
tally; and at laft is pufh’d vertically by the Force
of Gravity. Theretore the Weightp is drawn by
three Powers, which are to one another as the

* 196 Sides of the Triangle B E D.* Therefore the

Force tending towards the Earth, (that is, the
Weight p tothe Force drawing towards E, namely,
the Weight P) isas BD to BE, or DC to CB
or CAj; that is, as 1 to 2. Which is alfo the
Ratio between the Weights pand P.  And here
therefore the Reafon of the Experiment is dedu-
ced from the ofren mentioned Propofition of Numb.
1965 to Which all other Cafes imaginable, rela-
ting to oblique Powers, alfo belong.
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CH AP XXIV.
Of the Projeltion of heavy Bodies.

Body, moved by two Impreflions, has a
A Motion compounded of both; *if a Body
be projeéted, or throwninthe Line A B, ( Plate XV.
Fig. 1.) in the Time in which it could run the
Length AB, it is by the Force of Gravity carri-
ed towards the Center of the Earth the Length
BF, and fo, by a Motion compounded of both,
it is moved in AF ; and by that Motion the
fecond Moment it would run through F C, equal
to AF, if that fecond Moment it was not by the
Force of Gravity carried in CG, fo that the
Motion in the fecond Moment is in FG: After
the fame Manner, the Motion in the third Mo-
ment is in GH, and the fourth Moment in HI
but as Gravity ats continually, thofe Moments
of Time are to be look’d upon as infinite-
ly fmall, and fo you will every where have a
Motion compounded in different Directions; that
is, an Infleétion of Direction in the Body’s Mo-
lzon; in that Cafe thercfore i will move in a Curve

ine.

This Motion of a projected Body, or Projeétile,
may be confider’d more fimply in all Projections
‘which wemake; becaufe all Lines, which tend to-
wards the Center of the Earth, may be look’d
upon as parallel, and the Direétion from that Mo-
tion is always the fame; when the projeétile Mb-
tion is made up of two Mutions, the firft equable in
the Line of the Projection, and the [econd accelerated
towards the Earth.:*

Let a Body be proje&ted in the Line A D, pa-

rallel to the Horizon; in equal Times, by that
2 Motion

e
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Motion, it will run thro’ the equal Spaces A B,
BC, CD: By Gravity it will, in a Motion per-
pendicular to the Horizon, be carried in the Di-
rection BF, CG, or DH, which here are fup-
pofcd parallel; this Motion is accelerated, and
therefore if after the firft Moment the Body be
at the Point F, after the fecond it will be at G,
after the third at Hj fo that if you call BF
one, CG will be four, and D H nine. * The Bo-
dy will run in a Curve, which goes through all
the Points that may be determined in the fame
Manner as F, G, H, and that Line is called a Pa-
rabola.

The Machinemade ufe of; for proving this Pro-
pofition experimentally, is made of three Parts,
as may be feen in Plaze XV. Fig.3. A b is 6 Inches
high, DE is exattly of the fame Height: The
Length /H is of 12 Inches, fuppofing the Point
H to be diftant 1 Inch from the End of the Ca-
vity in which it is taken.

Let EA be hollowed circularly; or inany o-
ther Curve; and let this hollow Channel be over-
laid with a Plate of very fmooth Tin or Brafs,
that a Brafs Ball may freely roll down it; but
Care muft be taken that the lower Part of the
Curve, at A, fhall have a horizontal Direétion,
that the Ball may quit it in that Direion.

Ab muft be divided into 9 equal Parts, of
which A fis 1, and Ag contains 4

When, to this firft Part of the Machine, you
add the fecond B, (Plate XV. Fig.4.) it reaches
to g, and ¢G is 8 Inches long: If upon this you
lay the third Part C, this laft reaches to £, and fF
1s of 4 Inches.

The Diameter of the Ball P, which in making
the Experiments is to be let fall along the Curve
E A, 13 of about half an Inch; neither muft 2 I?f'-b
Bally
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Ball, or a bigger Machine than what is here men-
tioned, be made ufe of; for the lefs the Bodics
are, and the {wifter their Motion, the more in
Proportion is the Motion retarded by the Ai’s
Refiftance; as thall be fhewn in its Place.

When the Ball P is let fall from E, running
down the Curve EA, it acquires fuch a Degree
of Velocity, as appears to be always the fame in
{feveral Trials; and with that Velocity and hori-
zontal Direction, it continues its Motion.

Experiment.] Having joined together the three
Parts of the Machine, as in Fig. 4. let go the Ball
P from E, and it will ftrike the Point F. ‘Take
away the leaft Part C, and let the Ball comedown
as before, and it will firike G. Laitly, take away
the Part B, and the Ball, defcending as before, will
ftrike againft H.

If you ftick on a Piece of foft Clay upon H
and G, the Point of the Stroke will be exactly
marl’d; this will not do fo well in the Point F,
becaufe of the great Obliquity of the Motion
there; but, by repeating the Experiment, the
Point F will be well enough determined by Sight
only.

The Propofition of Numb. 134 may be experi- 2

mentally confirmed by this Machine; for, as we
have already faid, the Ball running down LA will
ftrike the Point H.

Coming down E A, it acquires a Celerity which

it could have acquired in falling in ED ; * with *

that Celerity it is horizontally projeéted from the
Point A, and it moves that Length #H equably
according to that Direétion, whillt by its Fall it
goes thro' Ak equal to ED; but 2H 1s double
the Length A or ED.

H 3 W hat
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What has been faid of the Curve, defcribed by
a Body projected horizontally, may alfo beapplicd
to any Projetion.

Let the Body be proje&ted in the Direfion
A E, (Plate XV, Fig. ¢.) and let AB, BC, CD,
D E, be equal; the Body will go through the
Curve AFGHI, fo that BF, CG, DH, EI,
will be to one anothet; as 1, 4, 9, and 163 in
which Cafe the Curve is allo called a Parabola.

DEFINITION.

Let AT be drawn horizontal, and the Curve a-
bove-mentioned will cut itit I; A Iis called the
Amplitude of the Projeétion.

Tha Motions of Bodies projeéted with the fame
Celerity, but different Directions, may be com-
pared together.

Let AL be the Height, to which a Body,
thrown up with a determinate Degree of Celerity,
may rife : Let the Body with the fame Cele-
rity be thrown along A B, cutting in B the Semi-
circle defcribed in the Diameter ALj let AB
exprefs that Celerity, and MB be parallel to the
Horizon. The Motion in AB may be refolved
into two others; * the firft along M B, a horizon-
tal, and the fecond along AM, a vertical Linc;
and it is only by that fecond Impreflion that the
Body afcends: The Height therefore, to which
the Body afcends in that Cafe, is to the Height to
which it would afcend with the Celerity AB, as
the Square of AM to the Square of AB;¥* that
is,as A M to AL ; but this is the Height to which
the Body afcends with the Celerity of the Proje-
tion; therefore alfo AM is the greateft Height
to which the Body comes in that Projeétion. In
the Time of the Afcent in AM, the Body migtl:c

y
2
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by an uniform Motion, with the fame Celerity
with which it moves in A M, in a horizontal
Motion go thro’ twice the Length of the Line
MB; and as the Time of the Fall is equal to
the Time of the Afcent,* the Amplitude AB is
four times the Length of the fame Line M B.
Now this Demonftration will ferve, whatever the
Inclination of the Direftion of AB is. Whence
we deduce,

1. That the Amplitude is the greatefty with the 2

Jame Celerity, when the Angle of the Projection is a
Haif Right Angle. For then the Line mb, being a
Radius of the Semicircle, is the greatelt of all.

2. Except this Cafe, there are always two Inili-

tions, that give the [ame Amplitude; for it thro’
B, B4 be drawn parallel to AL, curting the Se-
micircle at 4, and m % parallel to the Horizon,
this Line will be equal toM B ; therefore the Am-
plitude of the Projetion, in the Diretion A/,
will allo be AI. In the fecond Part of the {ol-
lowing Book, all this will be confirm’d by Expe-
Iiments.
_ If the Celerity be changed, and the Body pro-
je€ted in the fame Direftion, the Amplitude is
changed, in the fameRatio as the Diameter A L5
that 1s, zhe Amplitudes, the Diveflion vemaining the
Jame, are as the Heights to which Bodics, with
the fame Celerities, being thrown up, may alcend;
and theretore they are as rhe Sguares of the Gele-
Tities,

H 4 CHAP.
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CHAP XXV
Of Central Forces.

Body in Motion continues its Motion in
2 Right Line,* and does not recede from
1ty unlefs a new Impulfe aés upon it ; after fuch
an Impulfe the Motion is compound, and fo
from the two there arifes a third Motion in a
190 Right Line alfo.% If therefore a Body is moved
in a Curve, it receives a new Impulfe every Mo-
ment; for a Curve cannot be reduced to Right
Lines, unlefs you conceive itdivided into Parts jn-
finitely {mall.” We have an Example of that Mo-
*208 tion in the Projection of heavy Bodies;* and ano-
ther in all Motions round a Point as a Center.
216 If @ Body, that is continually driven towards a
Centery be projeited in a Line that does not go thio’
that Centery it will deferibe @ Curve andy in alj
tbe Points of ity it endeavonrs to recede from that
Curve, according to the Direition of a Curvature;
that is, of @ Tangent to the Curves fo that if the
Force driving towards the Center fhould immedi-
ately ceafe to aét, the Body would continue its
Motion in a Right Line along the T angent.
A Stone whirl'd round in a Sling defcribes a
Curve, becaufe the Sling does every Moment, as
it were, draw it back towards the Hand s but, if

you let the Stone go, it will fly out in the Tangent
of the Curve,

124

DeriniTron I
218  The Force with which a Body in the Cafe above-
mentioned endeavours to fly from the Center, fuch
as the Force by which the Sling in Motion is
ftretch’d, is cal’d a Centrifugal Force.

Deri-
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Derixtriow 1L
But the Force, by which a Body is drawn or im- 219
pell’d towards that Center, is call’d a centripetal
Force.

Derinirion IIL

Thefe Forces are by a common Name call’d 220
Central Forces.

In all Cafes, the centrifugal and centripetal Forces 221
are equal to one another; for they aét in contrary
Directions, and deftroy one another.

The whirl’d Sling is equally ftretch’d both
Ways,* and the Stone endeavours to recede from «,,4
the Hand with as much Force as it is drawn to-
wards it.

Central Forces are of great Ule in Natural
Philofophy; for all the Planets move in Orbits,
and moft of them, if not all, turn upon their
Axes.

I thall chufe out the chief Propofitions relating
to thele Forces, and confirm them by Experi-
ments; but firft we muft defcribe the Machines
with which thefe Experiments are performed.

Plate XVI. Fig. 1. and 2.] A isaround Board 55,
or Table of 2 Feet and a half Diameter; whofe
vertical Scction is feen in Fig. 2. in which aa re-
prefents the Seftion of the Table itlelf, and g4
the Section of its turn’d IFoot, which is joined
perpendicularly to its Centers this Foot or Sup-
porter of 1t confifts of two Pieces feparated at D,
which are fix’d together by four fmall Irons,
whofe Ends are rivetted to Rings of the fame
Metal.

The upper Part of the Foot bas a Groove
round it at ;- and has a cylindric Hole thro it at

fg of threc Quarters of an Inch Bore,
The
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The Frame of the whole Machine, reprefented
at C, is very folid ; and one Side receives the Foot
of the Table A, which paffes freely thro’ an Hole
in the upper Part of the Frame C; to which is
firmly joined the wooden Collar F of Fig. 3. which
fits in the faid upper Part of the Frame.

The Table with its Foot bears upon the crofs
Picce ED, which has a Plate of Iron to receive
the Brafs Center 4. This tranfverfc Piece is fix’d
but.juft above the Feet of the Frame, that, when
the Table-Foot is let down upon it, the Groove
cc may be but jult above the wooden Collar;
to the Top of which are {crewed down two Iron
Plates R R (Fig. 3.) by four Screws, {uch as
ss. In this Pofition the Table will very freely
move horizontally about its Center; and, that it
may move the more cafily, there is {lipped on up-
on the Foot clofe to the Table (where it is not
round, but {ix or eight Square) a fmall Wheel or
Pulley, whofe Setion you fee in 54, and which
1s joined to the Table by means of the Screws ¢/,
¢l. There muft be three other fuch Wheels whole
Circumferences, taking them at the Bottom of
their Grooves, are to one another as one, two,
three; the leaft of all the Wheels is of about g
Inches Diameter.

Another Table By, made juft like the firft, is to
be whirl'd about round its Center in the oppofite
Part of the Frame C. Tho’ there is a {fmall Dit-
ference between them; for in this the lower Part
of the Foot has an Hole thro’ it as well as the
upper, ({eei b Fig. 4.) yet it is turn’d freely,
having fix’d to its Bottom a Brafs Plate with a
Hole in it to receive the little Pipe of another
Plate M, whofs vertical Seftion is feen at L,
and which is fixed to E D, the other crofs Picce
of the Frame, at the Place #, This crofs Piec§
mu
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muit be bored thro’ to anfwer to the Hole of
the Plate, in fuch Manaer that a Thread may go
from the Top of the Table quite thro’ the whole
Foot and the Piece ED. Such a Wheel as 44
is made faft to the Table immediately under it,
and is in Bignefs juftequal to the leaft of thofe
which are made to take off and on, belonging
to the Table A.

The two Tables A and B may be whirl’d, ve-
ry {wiftly, cither feparately, or both togetber, by
help of the great vertical Wheel Q: For per-
forming of which, you muft make ufe of the
Machine of Fig. . which is a wooden Plane, or
ftrong flat Board, to 'which is perpendicularly
fix’d a Parallelopiped, in whofe upper Surface
are vertically fixed the two Pullies o 75 at the
Ends, and fideways at one End there is another
Pulley, as z, which is horizontal. The Surface,
when the Machine is applied to the Frame, is
in the fame Plane with the {mall Wheels of the
Tables.

If B alone is to be whirl’d, the Piece of Fig. y.
15 to be fix’d to the Frame C, by help. of two
Screws going thro' fuch Holes as x in the lower
Part of the Piece, which mult be fo fixed, in re-
{peét to the little Wheel of the Table, as is re-
prefented in Fig. 6. where & reprefents that litcle
Wheel: The Rope goes round the great Wheel
% and from its lower Part goes from d towardsw,
goes round the Wheel 2, and againit the Pulley #,
towards ¢, and fo cemes back to the upperPart of
the Wheel Q.

The feventh Figure reprefents the Pofition of
the Machine or Piece of Fig. ¢. when both Ta-
bles are to be whirl’d round at once. A Sight of
the Figure thews the Way of the Rope, which
from o goes down to 4, and fo to the lower Part

of the great Wheel.
Befides
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Befides this, in feveral Experiments you muft
make ufe of long Boxes or Troughs I F, I I,
which are laid upon the Tables, and fix’d to them
with Screws; the Center of every one of thele
Boxes lies juft over the Center of the Table
where there is a Hole equal to the Hole g, f,
(Fig. 2.) and exaély anfwering to it, in which
Hole of the Box is thruft a wooden Cylinder N,
(Fig. 2.) as may be feen at G: thro’ the Middle of
this Cylinder goes a little Glafs Tube of about a
Quarter of an Inch Bore, whofe Ends are thick-
en’d at the Flame of a Lamp, {o as to make the
Hole fomething lefs and fmooth ; that a Thread or
foall String may run up and down thro’ it, with-
out any fenfible Frition.

Onc of the Troughs holds a Ball, tied to a
Thread which goes thro’ the above-mentioned
Tube, and is allo faftened by a Screw to the
Weight O, (Fig. 7.) which lies in D the Separa-
tion of the Foot. This Weight is laid upon the
lower Half of the Foot, from whence it is raifed
up, as the Ball recedes from the Center of the
Trough.

This Weight is a round Plate of Lead, and of
about 2z Inches Diameter ; it has a Brafs Cylinder
fix’d to its Center, whofe upper Part, in order to
receive the String, is cleft into two Parts, which
are drawn together by means of a Screw: this
Plate of T.ead with its Cylinder weighs half a
Pound; and there muft be two fuch Weights.

There are feveral other Weights, fome of half,
fome of a quarter of a Pound, reprefented by P,
( Fig. 7.) which are to belaid upon thefaid Weight
Q; that one may at Pleafure vary the Weight to
be raifed by the Ball.

When a Body, laid upon a Plane, does in the [ame
Times and about the fame Centery rvevolve with that
Plane,
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Planey and (o deferibe a Circles if the contripetal
Force, by which the Body is every Mowment drawn or
irmpelled towards the Centery fbould ceafe to ai, and
the Plane fbould continue to move with the fame Cele=
7itys the Body will begin to recede from the Center
(in Refpet of the Plane) in a Line which pa/fes
thro’ the Center.

Experiment 1.] Take a Ball which is tied to
a Thread, the other End of the Thread being
faftened to the Center of one of the Tubes A
or B, and lay it on the Table, which muft be
whirl'd fingly fo long, till the Ball is carried
round with it; here the Ball is at reft, in refpedt
of the Table, and in that Situation it is retained
only by the String faftened to the Center ; there-
fore it fuffers no Impreffion in that Plane, except
that by which the String is ftretched, that is,
whofe Direftion pafles thro’ the Center of the
round Table; and {o, if it beleft to itfelf, it can-
not the firft Moment move in any other Diretion
in that Plane. "

W lhen a Body moves about a Center, if in its Mo-
Zi0n it comes mearer to the Centery its Motion is ac-
celerated 5 but on the contrary retarded, if it recedes
from the Center.

Experiment 2.] Let the Trough F I, through
whofe Center the Cylinder G, with its Glals Tube,
18 fixed into the Center of the Table B, be faften~
ed to the faid Table.

Let the Ball L, tied to a Thread, be laid in the

rough, and the Thread put thro” the Tube a-

Ove-mentioned, as alfo thro’ the whele Foot of
the Table, and the crofs Piece at Bottom that {i-
ftains the Foot, and then with your Hand hold
the End of the Thread.

Lec
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Let the Table be turned round, and you will
obferve, that, during that Mation, the Ball will
apply itfelf to one Side of the Trough, and is
carried round fo as to move with the fame Velo-
city as the Trough. Let the Thread be pull’d,
fo ‘as to bring the Ball nearer the Center, and
it will immediately ftrike the oppofite Side of the
Trough, becaufe it moves fafter than the Trough.
If you bring your Hand nearer to the Foot of
the Table, fo as to give more String, the Ball
recedes from the Center, and ftrikes the firlt Side
of the Trough, as moving more flowly than the
Trough.

This Acceleration when a Body approaches

nearer to the Center, and Retardation when it
recedes from it, is determined by Geometrici-
ans: 1f a Body, for Example, which is driven
towards the Center C (Plate XVI. Fig. 11.) be
moved in the Curve AE, it will move fafler at E
and flower at A: Draw the Lines AC, BC, and
EC, DC, fo that the Areas ABC and DEC
may be equal to one another, the Parts A B and
DE of the Curve are defcribed in equal Times by
the Body; and therefore, a Body that is retained
in & Curve, by a Force tending towards a Centery 15
faid zo defcribe vound that Center Areas proportiona=
bie to the Times.
226 The inverfe Propofition is alfo demonftrated,
namely, That a Body which is moved in any Curve
in a Planey and defivibes about any Point Areas pro-
portionable to the Times, is turned out of the right
Line, and urged by a Force tending to that Point.

The greater the Quantity of Matter in any Body
isy the greater is its centrifugal Forces which arifes
from a greater Quantity of Motion.

228 If Liquors of different Denfities be included
in a determinate Space, fo that the heavier can-

not recede from the Center, unlefs the lighter
come
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Come towards it; and they be fo difpofed, that by
their Weight the heavy Fluid comes to the Cen-
ter; upon moving the Whole about that Center,
the light Fluid will come towards the Center, and
the heavy one fly from the Center.

If a Solid be included with a Liquid in a deter~
Minate Space, the fame may be faid, as was faid
of thetwo Liquids: 1f it belighter than the Liquid,
it will come rowards the Center ; if heavier, ir
Will recede from it. All which arifes from the
great Centrifugal Force in the heavier Body.

Experiment 3. Plate XVI. Fig. 8.] Take four

las Tubes of abour one Inch Diameter each,
and a Foor long, and having hermetically fealed
them, let them be firmly tied to an inclined Plane.
;'ﬂ the firft, youmuft have Quickfilver and Water;
In the fecond, Oil of Tartar per deliquinm, and
Spirit of Wine; andinthe third Water witha Lea-
den Bullet; and laftly, in the fourth, Water with
3 Piece of Cork; and all of them muft be about

alf empty.

This inclined Plane muft be faftened to the
Whirling Table A or B (Plate XVI. Fg. 1.) fo
that the lower Part of the Plane may come almoft
o the Center of the Table, by means of rwo

crews, one of which goes thro’ x (Fig.8.) Let
the Table be whirled round, and immediately
the lower Part of the Tabes will remain empty,
and the heavier Bodies will 8o to that Part'of the
ube which is fartheft from the Center 5 the Cork
elcends and firikes to the lower Part o the Wi

tery whilt the Leaden Bullet goes to the Top of
¢ Tube.

Central Forces not only differ on account of 2
the Quantity of Matter, bat the Diffance does

allo caufe a Change, and likewife the Celerity
With which the Body is moved round : There is
nothing

ITx
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nothing elfe that can make any Difference in thefe
Forces: and thefe are all the Things to be con-
fidered, when we compare them together.

DeriniTioN IV.
The Periodical Time is the Time, in which &

230 %
-.BO({' oin Vﬂﬁﬂd a Centey peryorms oneg ’H).{}’O;r.‘? Rewo-
J o ;

Iution; that is, if it defcribesa Curye that returns
into itfelf, the Time clapfed betwecen its Departure
from, and Retarn to 2 Point: If the Curve does
not feturn into itfelf, inftead of a Point we muft
rake a Line paffing thro’ its Center.

The Periodical Time depends upon the Celeri-
ty of the Bodys and therefore, in comparing cen-
tral Forces, it muft be taken for the Velocity.

I hen the Periodical Times ave cqualy and the Di-
fances from the Center are alfo equals the central
Forces are a5 the Quantities of Matter in the vevol-
wing Bodies.

Experiment 4. Plare XV, Fig. 1.] Of the three
Wheels or Pullics 46, mentioned in the Defcrip-
tion of the Machines, apply the leaft t . the Table
A's fo that if the two Tables A and B be whirled
at the fame Time by the Motion of the Wheel Q,
they may run round in equal Times; to each of
them fix the long Troughs IT, 1F; and the Cy-
lirders GG, that contain Glafs Tubes, muft be
thruft thro® the Center Holes of the Troughs
quite into the Feet of the Tables.

Put 2 Ball I, of half a Pound into the Trough
of the Table B, and a Ball L of one Pound in the
Trough of the Table A : Threads tied to the Balls
go thro’ the little Tubes G G, and are faftened to,
Weights placed in the Separations or Hollows of
the Teet of the Tables, in fuch Manner, that the:
Diftances of the Balls from the Center, when the
Threads are ftretched and the Weights 0ot

raifeds
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naifed may be equal; now if the Weight in the
Separation or Hollow of the Foot of A be one
Pound, that in the Separation of B muft be half
a Pound ; or if this laft fhould be one Pound, the
other muit be two Pounds.

Let the Wheel Q_be turn’d round fafter and
fafter, till by the centrifugal Force of the Balls
the Weights above-mentioned be raifed,and both
Weighes will be lifted up precifely at the fame
Time; therefore Weights, that are as the Bodies,
Will, ceteris paribus, be overcome by the centrifu-
gal Force.

When the Quantities of Matter in the revolving
Bodies are equaly and the periodical Times alfo equal,
the Forces are at the Diftances from the Center.

_ Experiment ¢. Plate XV1. Fig. 1.] This Expe-

Iment is made in the fame Manner as the forego=
ing; inftead of a Ball of half a Pound, put in
the Trough of the Table B a Ball cqual to the
other that is of one Pound. Let the Diftances
from the Center be taken.in any Proportion; if
the Weights joined to the Balls in the fame
Proportion, and the Wheel Q_be moved fafter
and fafter, you will {ee the two Weights rife
cxactly at the fame Time. As, for Example, if
the Diftance of the Ball upon-A be of 12 Inches,
and the Weight joined to it of 1 Pound and a
half; andthe Diftance of the other Ballof 8 Inches,
and the Weight joined ro it of 1 Pound, the Ex-
periment will {ucceed.

When the periodical Times are equal, but the Di-
Rances and the Quantities of Matter in the revolving
Bodies differ, the central Forces are in @ Ratio com-
Pounded of the Quantities of Matter and the Di-
fances; which follows from the two laft Propofi-
tions. To determine that compound Ratio, the
Quantity of Matter in each Body muft be multi

' I plied
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plied by its Diftance from the Center, and the
Products will be to each other in the Ratio afore-
faid.

Experiment 6.] If in the laft Experiment the
Ball upon B be changed, and you plice a Ball
of halt a Pound at 8 Inches from the Center, and
you alfo change the Weight joined to it, and half
a2 Pound be ufed inftead of a Pound; the Experi-
ment will alfo then f{ucceed, and the Weights
will begin to rife at the fame time.  If you mul-
tiply the half Pound Ball by its Diftance of 8
Inches, the Produét is 4, and multiplying the
1 Pound Ball by 12 Inches, its Diftance from the
Center, the Produt is 12; which Produéts are
to one another as 1 to 33 that is, as the Weight
of half a Pound to that of 1 Pound and a half
which are in this Experiment both lifted up at the
fame Moment.

The Differences of central Forces arifing from
the different Diftances from the Center, and the
different Quantitics of Matter may compenfate
one another; for fuppofing the Duantities of Mat-
ter in the vevolving Bodies to be in an inverfe Ratio
of the Diflances from the Center, the central Forces
will be egzals as much as one Force is greater i
refpect of the Quantity of Matter, fo much does
ti‘lc other exceed it by reafon of its greater Di-
ftance,

Experiment 7.]  Let a Ball of half 2 Pound be
placed ar the Diftance of 14 Inches, and a Ball of
one Pound at the Diftance of 7 Inches; every thing
elle being as in the foregoing Experiment; if the
Weights in the Foot or Spindle of each Table be
alike, they will rife at the fame Moment.

There 1s a Cafe of this Propofition, whkes 10
Bodies joined by a Thread revolve about their common

2 Cenger
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Center of Gra For the Dif

Center are m an inverfe Ratio of the 1Zht
the Bodies,* and therefore rm' entr xl Frm.c) are
cqual. By the Force by which one Body endea-
vours to recede from the( ch.Lu,Lnf other is drawn
towards ir; and by reafon of the Equality of the
I“"O:'u;:; they retain one ang 1y and continue theiv
’Ufﬁru'- if they revolve about any other Point,
th ley do not continue their Motion ; and [hn,Body
“’ho]c centrifugal Force overpewers, recedes from
the Center, and carries the other Budy along

with it.

L3
be
e

LExperimont 6. Plate XVI. Fig. IJ] Let two
quu“ Bodies P and Qb., joined by a T "hread, in
Wwhich you muit mark the Point L which is the
common Center of va ty of thofe Bod]u, when

T hread is 11 l.i'l u
Jn this Experiment you muft ufe but one Ta-
ble, and fix upon it a lfm" Trougb that reaches
Cyoni the Dmmctu of the ridbu_ both Ways,
and whofe middle Point is over the Center of the
I.llﬂn In this Trough you muft place the Bo-
dies above-mentio ned, an d the Thread that joins
lh:.n hdng it c:ca'cd, the Point C muit be put in
the Middle of [n- Trough. When the Table is
Whir]’ ,1 round, the Bodies are carried round with
ity and remain at ;cﬂ. in it. If the Point C be
tmoved ﬁ'm‘} the Middle of the Box, upon
Whirling the Table, both Ba dies will be carried to
that Fnd .F he Box which the Point C was placed
Neareft to,

. The Difference of the central Forees is alfo
notermined from the Difference of the periodical

Ll:f

e Quaj utities of M fatter in the Bodies
I, and the ] Diftances from the Center are
Guzly the central j*u:'-u are in an inverfe Ratio of
I2 ! the
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the Squares of the periodical Temes: That is, di-
reétly as the Squares of the Revolution made in
the {ame Time. I

Experiment 9. Plate XVI. Fig. 1.] To the Ta-
ble A apply a Wheelor Pulley, fuchas 4 4, (Fig.2.)
whofe Circumference is double the Circumference
of the Wheel which is fix’d to the Table B ; fo
that when the two Tables are whirl’d both toge-
ther, B fhall go round twice for A once; that is,
the periodical Time of that fhall be double the
periodical Time of this.

In cach Trough IL, I L, lay a Ball of one
Pound ar equal Diftances from the Center. The
Ball laid on the Table B muft be tied to two
Pounds in the Foot, and the other Ball upon A
is joined by its Thread to half a Pound in the
Foot. Upon whirling the Tables, both Weights
will rife at the fame Time: Which Weights are
here as 1 to 4, the periodical Times being as 2 to
¥, whole Squares are reciprocally as 1 to 4.

However the central Forces differ from one ano-
ther, they may, according to what has been faid,
be compared to one anothery for they are always
in @ Ratio compounded of the Rativ of the Quanti-
ties of Matter in the revolving Bodies, * and the
Ratio of the Diftances from the Genters * and alfo
an inverfe Ratio of the Squares of the periodical
Times* If you multiply the Quantity of Martet
in each Body by its Diftance from the Center, and
divide the Produét by the Square of the periodical
Time, the Quotients of the Divifion will be to
one another in the faid compound Retio, that is
as the central Forces.

. Experiment 10.] Every thing being prepared as
1 the former Experiment, fer a Ball of half 2
Pound, at the Diftance of 8 Inches from the

3 Center
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Center of the Table B, and let it by the Thread
be joined to one Pound in the Foot; ler another
Ball of two Pound be placed at the Diftance of
12 Inches from the Center of the Table A, and
Joined with a W cight of 3 Quarters of a Pound;
whirl the Tables, and the Weights will be raifed
juit at the fame Time.

Here the Bodies are as ¥ to 1; the Diftances
as 8 to 123 the Squares of the periodical Times
at 1 to 4; multiplying one Half by 8, and divi-
ding the Product by 1, the Quotient of the Di-
vifion is 4; multiplying 1 by 12, and dividing
the Product by 4, the Quotient is 3. Thercfore
the central Forces are to ohe another as 4 to 3,
which Ratio alfo the Weights in the Feet have to
one ancther,

When the Quantities of Matter are equaly the 5,8
Diftances themfelves muft be divided by the Squares
of the periodical Times, to determine the Proportion
of the central Forces,

In that Cafe, if the Squares of the periodical 239
Times be to one another as the Cubes of the Diftances,
the Quotient of the Divifions, as well as ke cen-
éial Forcesywill be in an inverfe Ratio of the Squares
of the Diffances.

Experiment 11.]  Let the periodical Times of
Aand Bbeas 1 to 2, in the fame Manner as in
the two laft Experiments. Take two cqual Balls,
and let the Diftance from the Center on B be 10
Inches, and the other Ball’s Diftance from the
Center be of 16 Inches: To the Thread of the
firft, faften one Pound and a Quarter, and to the
Thread of the other faften half a Pound in the
Hollow of the Foot A ; whirling the Tables, the
Weights will rife the fame Moment.

In that Experiment the central Forces are as
§ to 2, which you alfo find by Calculation. ¥ *z38
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This Ratio differs very little’ from ‘the inverle
Ratio of the Squares of the Diftances, which are
to one another as 200 to §12; the Cubes of the
Diftances are allo almoit as the Squares of the pe-
riodical Times: Thefe Squares are as 1 to 4, and
thofe Cubes as 124 to 712, which Ratios do not
much differ. 1f you take other Numbers, thefe
Ratios will be exactly the fame, and the Experi-
ment will fucceed in the lame Manner; but it is
not caly m the E \pf“umf ut to vary the perio-
dical Times or the Weights in what - Ratio you
pleale.

W hen thf*rﬂl‘r‘c? by which a undy is‘ carried to-
wards a I OIIU, 15 nc[ Cvery where th Lm.c, but
is either increaled or diminithed in ]’mpu"w-n to
the Diftance from the Center, feveral Curves will
thence arile in a certain Proportion.

If the Force decreafes in an inverfe Ratio of
the Squares of the Diftances from that Point, the
Body will deferibe an Zffipfis, which is an oval
Curve, in which there are two Points called the
Fociy and the Point towards which the Force is
direéted falls into one of them: So that in every
Revolution the Body once approaches to,and once
recedes from it. The Circle alfo belongs to that
Sort of Curves, and {o in that Cale the Bo ly may
alfo defcribe a Circle: The Body nuv allo U)V
fuppofing a greater Celerity in it) delcribe the
two remaining Conic Setions, wiz. the Parabola,
or Hyperbola, Curves, which do not return into
themfelves. ¥

On the contrary, if the Force increafes with
the F)l.umcc, and that in the Ratio of the Diftance
itlelf, the Body: will again defcribe an Ef-
lipfes but the Point, to which the Force is di-
reted, is the Genter of the Ellipfe, and the Body
in c..L,h Revolution will twice approach to, and
again, twice recede from that Point. in éh!s
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Cafe alfo 2 Body may move in a Circle, for the
Reafon above-mentioned.

Experiment 12.] Hang up a leaden Ball with a
long Thread ; if the Rall be drasi back from its
Point of re eft, it is always carried towards it by its
Gravity, and from Lqml Sidcs
the Diftance be equal. The Ball in s Motion

defcribes an Arc of a Circle, which Way foever it
falls when you let it go: If thofc Arcs are n .\(ly
great, they coincide with a Cyeloid, and the Foree,
with which the Ball inany Pointis carried towards

the loweft Point, is as its Diftance from L‘"n‘nim;

* therefore here the Force increales in the Ratio of

the Diftance.

Let the Ball be pull’d back from the loweft
Point, and projected obliquely ; then it will de-
{cribe an o'."hCu.vc wbout that Point, which (when
the Ball does not runout to a great Diftance) will
h‘ll\_ﬂ\f differ at all from an L“ID Cy becaufe of the
Propnmon of the Forces, and becaufe in that

Cafe the Ball docs fenfibly move in the fame
Place.

The Center of the Ells p.n. is the Point in
Which the Ball is at reft when it is not projeched 5
and in every Revolution the Ball does twice ap-
Proach to, and twice recede from it. If the Ball
hangs over a Table o as almoft to touch it when
itis ar reft, and the Point, over which it is, be
mark’d upon the Table, the Experiment will be-
Come more {enfible if you draw an Oval upon the
Table with Chalk, by following the Body with
yeur Hand.

IF the Proportion (mentioned Nuzb. 241, and
242.) of the Forces by which a Point is driven
ta‘-mnds a Center, be a little changed, the Body
Wwill no longer deferibe an Ll[mig, but fuch a
Curve as may be reduced to an Elllp.c, by fup-

14 pofling
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pofing the Plane in which the Body moves agi-
tated by fome Motion, which therefore will make
the Ellipfis moveable.

Experiment 13.] Every Thing being as in the
former Experiment, let the Ball be fo thrown that
it may run out to a greater Diftance; and then it
will defcribe a Curve which may be referr’d tothe
moveable Oval: it will indeed twice in every Re-
volution come towards the Center, and twice re-
cede from it; bur the Place of the Points in which
it is leaft, or moft diftant, is changed every Re-
volution, and thefe Points are always carried the
fame Way, their Motion confpiring with the Mo-
tion of the Ball.

CHAP XXVI
Of the Laws of Elafiicity.

E have already fhewn what Elafticity is,

and whence it arifes; * and what is its
Effect in the Congrefs of Bodies, whether they
itrike one another direétly or obliquely; what
remains is to examine the Laws of Elaflicity itfelf,
which we fhall do from Phanomena.

All Bodies, in which we oblerve Elafficity,
confift of fmall Threads or Filaments, or at leaft
may be conceived as confifting of {uch Threads;
and it may be fuppofed that thofe Threads laid
together make up the Body; therefore that we
may examine Elaflicity-in the Cafe which is the
leaft complex, we muft confider Strings of mu-
fical Inflruments, and fuch as are of Metal; for
Catgur-Strings have a fpiral Twift, and cannot be
confider’d in the fame Manner as thofe Fibres of
which Bodies are form’d.

The Elafticity of Fibres confifts in this, that they
can be extended, and taking away the Forge by fd}:’n’;
ey
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they are lengthen'd, they will return to the Length
which they bad at firft.

Fibres have no Blafticity, unlefs they are extended 5,
wwith a certain Force; as it apppears in Strings that
have their Ends fix’d without being ftretch’d; for
if you remove them a little from their Pofition,
thev do not retarn to it: but what the Degree of
Tenfion is, which gives Beginning to Elafiicity,
is not yet determined by Experiments.

When a Fibre is extended with too much Forces it 246
lofes its Elaflicity 3 and this Degree of Tenfion is
allo unknown this we know, that the Degree of
Tenfion in Fibres, which conftitutes Elafticity, is
confined to certain Limits.

Hence appears the Difference of Bodies that are ;4
elaftic, and fuch as are not fo; why a Body lofes
its Elafticity, and how a Body deftitute of Elafti-
city acquires that Property. A Plate of Metal,
by repeated Blows of a Hammer, becomes elaltic,
and being heated, does again lofe that Virtue.

Berween the Limits of Tenfion, that termi-
nate Elafticiry, there is a different Force required
for different Degrees of Tenfion, in or to ftretch
Chords to certain Lengths: 'What this Proportion
is, muft be detcrmined by Experiments, which
muft be made with Chords of Metal, as was faid
before. But as thefe Wires are fcarce fenfibly
lengrhen’d, the Proportions of the Lengthening
cannot be direétly meafured; therefore they mui
be mealured by another Method.

Ler AB (Plate XVII. Fig. 1.) be a fmall Wire
ftrerch’d horizontally with a certain Force, whofe
Ends are fix’d at A and B: Let it be bent by a
Weight hanging in the Middle of it, fo that it
may come to the Pofition A CB,

Deri-
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DEFINITION.

Zhe Line Ce drawn from the middle Point of o
String or Chord after its Lff'u.’ 3, to the middl
Po*m: of the fame when it was in its natural Sn..:',
is call’d the Sagitta ( Arrow) of the Chord.

Let ¢ce be an Arc of a Circle defcribed ;ﬁmut
the Center B, with the Radius Bc. Half the
Chord or Wire by the Inflexion was {fretch’d t ""
Length Ce, which Quantity has a certain Relation
to the Sagitta Ce.

The Weightalfo, by which theString is ftretch’d,
has a certam Relation to the Force with which
the Fibre is lengthen’d, that is drawn along BC:
and fo in feveral Experiments by compar ng the
Sagitta Ce, and the Weights with which the
Chords are infleted, the Proportions of the
Lengthenings are determined; as will be thewn
1n the following Experiments.

The Machine for performing them is a_vertical
Board, about 3 Foot long, nd 1 Foot high.
Sce Plafe XVIL Fig. 2

The Rulers of Wood 7 m 7, mn, are fix’d to the
Board like a Moulding, and carry two Prifing
H,H, made like a W edL,c, which {lide along upon
thc: Rulels, and are fix’d any where upon thcm by
means of Screws, which hold them behind t
Board, their Sths being moved backwards :md
forwards, by means of a Slit in the Board.

Between A and B there are equal Divifions
reckon’d from the Middle on either Side, in or-
der to determine the Places where to fix the
Prifms.

At O there is a Gsoove, to hold the Pulley f =
in the Side of the Board ; which Pulley is repre-
fented in Plate XIII. Fig. 8.

The Wire, with w hich the Experiments are

made, is fix’d at one End of the Ruler m#, and
as
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at the other End goes over the Pulley T, the
Weight P h]‘('Chl!"g it, and the Prifms, H, H,
fuftaini ng it in I mmw, which are cci'm.llv diftant
from the Middle of the Machine.

There 152 Br "ds Plate de let into the Middle
of the Board, and mark’d with very {mall Divi-
fions, along which moves another Brafs Plate or
Index frr, which hangs upon the Wire, havicg a
Hole thro’ which it runs : This Index h 1s 2 Sc 11c
h'mm ng from ity which, together with the Index
e, wtig‘a juit an Qunce. The Len f*fh of the
NMire is determined in each f‘\pum‘.cnt by the
Diftance of the Edge of the Prifms H,H; forin
the fmall Inflexions made by hanging on Weights
n C", concerning which alone Experiments arc
made, the St nnq n oL mov ed upon the “ri'im,
nor is the Weight P railed up, but only the Part
A B is extend led by thefe Tnflecrions.

In the Infletions of the String, the Sw»r“.
are meafured bv the Divifions on the Plate ed; for

the End g of the Index ge does always ur.lccnd
equally with the Point C in every Inflection

Experiment Let P be a two Pf)umf Weight,
and let the Wire be infleCted at C withthe W uwht
of an Qunce, that is, with the \\ cight of The
Scale and Iudex fg; and obferve the Divifion of
tiw- Plate ed, to which the End gof Lhr. Index
fo G\i'”(:']us Change the Weight P to _;. Pounds
and alfo double the W eight by w Imh the ovmg
s mhq(d, that g may ﬂ 1ccml to the {ame Divi-
fion, and this W Lliflu. will betwo Qunces: Three
Ounces will give the fame Inflexions, when the
W cight P is ni {ix Pounds.
Tlom this Exper 1m-3:\t it

olaty by which a Fibre

S gy 15 17 .’:"(f'f"(".?”r 4
as the Tenfion itfelf; if, tor

three
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three Fibres of the fame Kind, Length and Thiek-
nefs, whofe Tenfions are as 1, 2 and 3; any
Weights in the fame Proportion will equally ttretch
thofe Fibres.

252 The leaft Lengthenings of the fame Fibres are to
one another nearly as the Ferces by which the Fibres
are lengthened. ~As for Example, let a Fibre be
ftrerched with the Weight of 100 Ounces, if it
be feparately lengthen’d with the Weights of 1
Ounce, 2 Ounces, and 3 Ounces, the Lengthen-
ings will be nearly as 1, 2, and 3; thatis, each
Ounce fuperadded does equally lengthen the Fibre::
For the Tenfions by the Weights of 100, 101,
and 102 Ounces, by which the Fibre is flretch’d
in each Cafe, when an Ounce is fupcradded, do
not {enfibly differ from each other.

The Property of Fibres may be applied to
their Inflexion, and is of great Ufe. Let the
Wire AB (Plate XVII. Fig. 3.) be fo inflected,
as to acquire the Pofitions A ¢B, A¢ B, and
ACB, yet {o that in the greatelt Inflesion the
Sagitta may not be % Inch long, fuppofing the
Wire 2 Feer and a Half; In thole Cafes the
Lengthenings of the String qre very f{inall, there-
fore they are in the Ratio of the Forces that

# 257 produce them, * and they ferve to expref(s them s
let ¢D exprefs the Force by which a String i
ftretch’d when it is not inflefted, and with the
Center B deferibe the Circle Dd; the Lines déy
de, dC, which are longer than ¢D by the Quan-
tity by which the Fibre was lengthened in every
Cafe, ‘exprefs the whole Forces,'by which the
Fibre is {tretched in every Cafe. But here the
Arc D4 is hardly of onc Degree, and D is al-
ways far Enough diftant from the Point ¢, where-
fore D4 may be looked upon as a Right Line
parallel to ¢C, and the Lines ¢d, ¢d, Cd have
the fame Ratio to the Lines ¢B, ¢B, CB. Thfrc«

ore
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fore the Point C is always drawn towards Br and

A, by Forces proportionable to the Line CB or
CA, and the Force by which the Wire is in-
fleCted, whofe Dureétion is along ¢C, is as the
double Sagitta, * or as the Sagitta itfelf. There- * 203
fore in all the leaft Inflexions of a Chord, Mufical 253
String or Wires the Sagitta is increafed and dimi-
nifled in the [ame Ratio as the Force with which the
Choid is inflected.

Experiment 2. Plate XVII. Fig. 2] Let the
Wire A B, ftretched by any. Weight, be infletted
by the Weight of 1, 2,and 3 Ounces; the De-
fcents of the Point g, that is, the Sagittx them-
felves are to one another as 1, 2, and 3.

In Chords of the fame Kind, Thickne(s, and which 254
are equally firetched, but of different Lengths; the
Lengthenings, which are produced by fuperadding equal
Weightsy aie fo one another as the Lengths of the
Chords. 'This is plain, becaufe the Chord is
equally ftretched in all its Parts ; therefore the
Leng[hcning of a whole Chord 1s double the
Lengthening of half of it, or of a Chord of half
the Length.

As to the Inflexion of thofe Chords, let AB,

@b, (PlateXV1I1. Fig. 4.) be Chords of the fame
Kind and Thicknefs, but of different Length,
equally firetched, and fo inflefted, that ACB
fhall be the Pofition of the firft, and 244 that of
the laft; and let the Triangles BC¢, and #D4
be fimilar: ¢B is to D&, that is, the Lengths of
the Chords are as CB to 443 thereforethe Chords
are lengthened in Proportion to their firlt Length,
and confequently they are drawn by equal Porce
m the Direftions 4d, ad, BC, AC: * But by * zc4
the Likenels of the Triangles above-mentioned, 25§
the Forces alfo agting along ¢C and D 4 are equal
to one another®, and the Sagitie ¢ Cy Ddy are as * 505

)
Fiae
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the Lengths of the Chords 3 which does thercfore,
ceteris paribus, obtain in unequal and infletied
Chords.

Experiment 3. Plate XVIL. Fig. 2.] Let the
Chord AB be {tretched by any Weight, having
fixed the Prifms H,H, at the fixth Divifion on
each Side: Now let it be infleCted with any
Weight, fo that the Sagitfa may be equal to fix
Divifions of the Plate ed. Let the Prifms be
brought to and fixed at the fourth Divifion on
each Side, and the Sagitza will be equal to four
Divifions of the Plate; and fo on for any Pofition
of the Prifims.

One may compare together Fibres of the fame
Kind, butdifferent Thicknefs; they may be look-
ed upon as made up of {everal very fine Fibres of
the fame Thicknefs, whofe Number in the above-
mentioned Fibres mult be taken in a Ratio of the
Solidity of thofe Fibres, that is, as the Squares of
the Diameters, or as the Weight of the Fibres
when their Lengths are equal. Therefore thefe
Fibres will be equally ftretched by Forces that are
in the fame Ratio of the Squares of the Diame-
ters; which Ratio alfo is required between the
Forces by which the Chords are inflefted, that
the §agiit2 may be equal in the given Fibres. But
by diminithing the Force by which the Fibre is
{ftretched in the {ame Ratio as the Force by which

* 250 it is infletted, the Sagitra is not changed®. There-
256 fore, if the Forces by which the Fibres are frerched

be equaly and they are inflecied by equal Forces, even
in that Cafe alfo the Sagitte will be equal, however
different the Thickne/s be.

Experiment 4. Plate XVIL. Fig. 2.7} Take any
Chords of the fame Kind, and unequal T hick-
nefs 3
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nefs ; and lec them be feparately applied to the
Machine, leaving the Prifms HH in the fame
Place ; if they be ftretched by the fame Weight
P, and alfo be infle€ted by the fame Weight L,
the Sagitrae will be equal.

Let the Chord AB (PlateXVII. Fig.1.) firetch-
ed any bow, be {o infle? ed as to acquire Lhc Figure
ACB, then left to it felf, and by 1ts lluhuLy it
will return to its firft Fi igure, and in that Cale the
Motion of the Point C is accelerated; for when
the Chord is let go from the Pofition \( B, the
Point C is moved with the Force that is able to
retain it in that Pofition. This Motion is not de-
ftroyed, burt there is {uperadded to ir, in all the
Points of the Sagitta, the Force by whlch the
Point C might be betai 1wed in them. The Cele-
rity is the gu.mm of all at ¢, and by rh at Cele-
rity the "orn* Cis ca ried farther, and then re-
turning, i well perform feveral ¥ ibrationsy inwhich
the Point (J runs out but fhort Spaces; for which
Caufe the }-cm,c—, by which the Point C is atted
upon in all Diftances from ¢, is as the Diftance
* in each Point. Therefore the Motion agrees
With the Motion of a Body x*",' ating in a Cycloid,
and how t!ri"'”" 'ff‘f. ver the / “th ”"Uu are , f/f‘ are
f‘uj ormed in ﬂ’w [ame Time. %

If there be two equal and fimilar Chor dsy but un-
equally firetched, unequal Forces are required to
infleét them equally; therefore the Vibrations
are performed in unequal Times. One may com-
Pare their Motions with the ) 10 ions of the Pen-
dulums which vibrate in C ycloids *, and deferi-

mg fimilar Cycloids by different Forces; which

“orces are inver {ly as the ¢ aqu'm’q of the Times of

the Vibrations, # In Chords r!«,c;cfn ¢ likewile 1he
-‘,f![!’c‘,r'x uf the Timzes of the Fibrations are 1o ene
@nother inverfly, as the Forces b\ W 'hLI. they are

equally

)
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equally infleéed ; which are as the /¥ eights by which
the Chords are ffretched.®

When the Chords are fimilary equally firetched,
but of different Lengths, their Motion muft be
compared with that of Pendulums by.another Me-
thod ; for as the Times of the Vibrations are tobe
confider’d , the Celerities alfo, with which the
Chotds are moved, muit alfo be confidered: And
in the Chords ACB, 2db (Plate XVII. Fig. 4.)
whofe Sagitte are equal, and in which the Points
C and 4 may be confidered as deflcribing {imilar
Cycloids, the Celerities, with which thofe Points
are moved in correfpondent Points, are to each other
in an inverfe Ratio of the Squares of the Times of
the Vibrations.* In Pendulums and equal Chords,
the Forces are taken for the Celerities; becaule in
thofe Cales they are in the fame Ratio. *

Let the Chords AC, 44, be divided into very
fmall Parts, but each into an equal Number of
Parts; the Ways to be run thro’ by correfpon-
dent Parts, fuppofing the Sagitta equal, will be
equal, and thefe fmall Parts will perform fimilar
Vibrations; but the Particles of Matter in the
correfpondent Particles are as the whole Chords:
T hat therefore their Celerities may be determined
in correfpondent Points, the Forces with which
the Chords are infle¢ted, when the Sagitte ar¢
equal, muft be divided by the Quantity of Mat-
ter in the Chords, as it follows from Numb. 64
It is therefore plain, that thofe Celerities are to
one another direétly as the Weights by which the
Chords are inflefted, and inverfly as the Quantities
of Matter in thofe Chords, that is, inverfly as their
Lengths: But thofe Weights are alfo in an inveric
Ratio of the Lengths of the Chords ;* therefore
the Celerities are in an inver{e duplicate Ratio of
thofe Lengths, thatis, inyerily asthe Squares of the
" Lengthss
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Length; and then, aswas faid before, the Squares

of the Times of the Vibrations will alfo be in that
inverfe Ratio. The Lengths thevefore of the Chords

will be as the Times of the Fibrations.

One may, in the fame Manner, compare #he 260
Times of the Vibrations of Chords of diffevent Thick-
nefs, fuppofing the Chords equaly and flretched awith
equal Weightss the Quantities of Matter are a5
the Squares of the Diameters; therefore to de-
termine the Celerities of the correfpondent Points,
the Weights, by which the Chords are infletted,
are to be divided by thofe Squares, when the
Sagitte are equaly * the Celerities therefore are * 256
inverfly as the Squares of the Diameters, and
therefore she Diameters are as the Times of the
Vibrations.

Any Chords of the fame Kind being given, the 261
Dyrations of the Fibrations may be compared to-
gether; for they are in a Ratio compounded of the
inverfe Ratio of the fguare Roots of the Heights,
by which the Chords are fivesched,* and the Ratio of * 258
the Lengths of the Chords, * and the Ratio of the * 259
Dianeters.* If you multiply the Diameters by * 260
the Lengths, and divide the Produé by tie
fquare Root of the Weight that {tretches the
Chord, and go through the fame Operation for fe-
veral Chords; the Quotients of the Divifion will
be to one another as the Times of the Vibra-
tions.

Elaftic Plates may be confidered as a Congeries, 263
or Bundle of Chords 5 when the Plate is infleted,
fome Fibres are lengthened, and there are unequal

engthenings in feveral Points of the Plate 5 now
the Curve, which is formed by the infle¢ted Plate,
May be difcovered from what has been faid con-
cerning Chords,

By comparing rogether the Inflexions of the 263
Jamg Plate, they are proportional ta the Forces by

K which

-
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awhich the Plate i bent. Lt AB (Plate XVII.

Fig. 1.) be an elaftic Plate or Spring, whofe End

A is fixed, and let it be inflefted by two Forces,

264 fo as to be brought into the Pofition a4 and 2é3

if the one be doubled, the other, 44 and 4 By will

be cqual; and thercfore in the Vibrations the

Motion of the Spring is accelerated in the fame

* 263 Manner as the Motion of aChord #, and the Mo-

* 156 tion of a Pendulum in aCycloid* ; and the Vibra-

tions of this Plate are performed in the [ame
Time. ;

Experiment 5. PlateX VL. Fig. 6. TheSpring
A is made up of {everal elaftic Plates, and put 10~
to the Box B, and there moves on each Side; be-
tween the Rulers cd, ¢d, two Strings are fixed to
the upper Part of the Spring, and run through
the Hole ¢,¢, in the Bottom of the Box. If
you hang half 2 Pound upon the Threads, it
will defcend half an Inchj add another half
Pound, and it will defcend half an Inch more;
and 1o on, ’till the Spring can be comprefled no
farther.

Fach fmall Plate is bent 1in Proportion to the
Weight; and the Motion of the Weight, onac-
count of all the Inflexions together, follows the
{ame 'Proportion.  The Experiment is made with
feveral Plates joined together; becaufe in va-
rions Inflexions the Direétion of the Action
of the Weight on the Plates is not {enfibly
changed.

What has been'faid of the Inflexion of TPlates,
mav be applied 'to the curve Plate or Spring
ACB (Plare XVIL. Fig.'7.) If it be prefled by
two Weights, fo as 'toacquire the Pofition acés
ach, and the Weights areito each other as 1 0
*265 . the Diftances ¢c¢c and ¢C will be equal 7
Therefore the bending in of the Spring, or Space
3 g()ll('—

26)
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gone through by the Point C, are as the Weights
with which the Plate is preflicd. W hich may alfo
be applied to the bending in of feveral Plages join-
€d together.

The Ball ACB ( Plate XVII. Fig. 8.) being 266
Made of an elaftic Subflance, may be confidared g
Confifting of feveral Plates ; and the Intraceffions
(orYieldings inward ) of the Point C will he pro-
Portionable to the Forces with which the Body is
Comprefled.

Let the Point C of the Ball ACBE ( Plate

VII. Fiz. 9.) ftrike feveral times againtt any
Plane, and let that Point go inwards to 4, 4, and

3 the Strokes will be to each other as the Lines
Cd, Cd, and CD. At the firt Stroke the Part
@bc becomes flat, the fecond Stroke aed is fat-
tened, and the third ACB: As here we always
Confider the leaft Arcs, the Arcs (that is, the Dia-
meters of the plane Surfaces made by the Stroles,)
¢ to one another fenfibly as the Chords Ca,
Ca, and CAj; therefore the Surfaces are 1s the
Squares of thofe Chords; in which Ratio alfo,

°m the Nature of the Circle, are the Lines

4, Cd, and CD, which are fo each other as
the Strokes. Therefore in elaftic Spheres, the

lanes made by the Siyokes Jollow the Proportion of
the Strokes.

Experiment 6.1 Take a flat Piece of blue Mar- 268
le made faft in a horizontal Pofition, and a lit=
tle wet, fo as to make the Colour the more in«
tenfe ; if you let an Ivory Ball fall upon this
lane, that Part of the Ball, which by being made
AT applies itfelf to the Stone, leaves a very
cound Spot in the Surface of it: Let the Ball
fall from the Height of o Inches, and the Spot
€ E: then let it fall from the Height of 3 Feet
Which s the Quadruple of the other, and the
K2 Spot




i
130

Muathematical Elements Book 1,

Spot will be F; laftly, let it fall from the Height
of 6 Fect and o Inches, which is nine times the
firft, and the Spot will be G. In that Experi-
ment, the Strokes of the Body againit the Stone
are to each other as 1, 2, and 3:* In which
Ratio alfo are the Spots E, F and G; for :f you
draw the right-angled Triangles D A B, D B G,
in which the Sides DA, AB, BC, are equal to
one another, and to the Diameter of the Spot E,
the Line BD will be exaétly equal to the Diame-
ter of the Spot F, and the Line CD to the Dia-
meter of the Spot G.

END of the FirsT Boox

MaTHE®
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ELEMENTS

Natural Philofophy,

EXPERIMENTS.

BOOK IL

Paxt 1 0Of ;/;;G ravity, Preffure, and
Refiftance of FLUID 8.

CH AP L
Of fb:” G?"LTU‘;;Y_'}’ Dj‘ i‘be G’m-n {ff- _F/ffl.ti?’j, ﬂml
its Effeét in the Fluids themfelves.

FLUID is a Body whofe Parts
o yicld to any Force impreffed, and by
Bl yielding are very eafily moved onc
@5 amongl(t another.® W henee it follows, 4 e
that Fluidity arifes from this, That the 3(_’9
Payts do not frongly cobere, and that the Motion is
ot bindei’d by any Inequality in the Sarface of the
Larts, as it happens in Powders,

2

i 3 Buat
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But the Particles, of which Fluids confift, are
of the fame Nature with the Particles of orher
Bodnc*, and have the fame Properties; for L 1qu1ds
are often converted into ‘wlida when there is a
more {irong Cobefion of thetn, as in Ice.  On the
contrary, melted Metals give us an Inftance of a
Solid chmwcd nto a Fluid.

Fluids agree in this with Solid Badfe;, viz. That
they coufift of heavy Particles, and have their Gra-
ity f}\gi"f,.".’&';d{' ble to their Ur antity of Matter 4 in
mv Pofition of the Paris If in the Liquid itfelf

that Gravity be not fenfible e, 1t is owing to this,

that the lower Parts fuftain the upper, and hinder
them from defcending : But it does not follow
from thence, that the Gray ::y 15 taken qw’y, be-

caufe a Liquid contained in a Veflel will prefs
down the Ead of a Balance, which carrics the
Vediel, in Praportion to its Quantity. - The fol-
lowing Experiment will alfo fhew, that the Gra-
vity is mem‘.‘ui in any Partof the Liquid.

In this 5y 8 wul as i1 other hydroftratical Expe-
riments relating to the Gu ‘ulty of Fluids, we ufe
a veryexack Parr of Scales, differing from common
Scales only ‘i1 tlis, that each ‘Smlc has a Hook
V'V und or ity (Plete XVIIL. Fig.1.) for fufpend-
ing fuch Bodies as are to be immerfed in Liguids.

re
= |
o

b
~1
g

272 The Balance itfelf hangs by a Line wf.ich goes
FOun mx o Pullies T T, and is hitengc‘ toa Weight
P, ( Plare XV I, Fig: 1.] ‘thaty by moving The

Yﬁig;h", the Balance may be conveniently Taifed
and depreffed, and fufpendéd at any Height, '

Euperiment 1.7] Tmmerfe in Water the Phial D
clofe thuty 1and " hanging by “a Horle-hair, nnd
balance it with the W (’|f*’ in the npp:mte Scales
then, withoat taking the Phial out of the Water,
openitysand ler it be filled with Water, and VO'i'i
wi




Book I1..  of Natural Philofophy.

will find, that the Water in the Phial will bring
down the End of the Balance, although it has no
Communication with the external Warter: If you
reftore the Fguilibrium, by putting more Weight
o the oppofite Scale, the Phial will remain ful~
pended inany Part of the Water.

From this Gravity it follows, that #be Surface of
& Fluid contained in a Vefely to keep it [rom flowing
out, if it be not preffed frow above, or if it be equal-
ly preffed (for that makes no Alteration)) will be=
come plain, or flaty and parallel to the Horizon. For,
as the Particles yield to any Force imprefled, they
will be moved by Gravity, till at laft none of them
can defcend any lower.

The lower Parts fuftain the upper, and are pref-
Jed by them s and this Preffive is in Proportion to
the incumbent Marter, that isy to the Height of the
Liguid above the Particle that is prefled; but, as the
upper Surface of the Liquid 1s parallel to the Ho-
rizon,* all the Points of any Surface, which you
may conceive within the Liquid parallel to the
Horizon, are equally prefs'd.

If thereforeiis a Part of fuch a Surface there is
& leffer Preffure than in the other Parts, the Liguid,
Which yields to any Impreflion zhere, will be
mov’d, that sy will afcend, 'till the Preffare be-
Comes equal.

Eyporiment 2. Plate XVIIL. Fig.2.] Take a
Glafs Tube C open at both Ends, and ftopping
one End with your Finger, immerfe the other in
Watery when the Tube is full of Air, the Wa-
ter will rife in it but to a very {mall Height: If

you take away your Finger, that the Air that is
i

¥

comprefled may go out, the fmaginary ourface (as
Mr. Boyle ufed to call it) that you conceive in the
Vater, juftat the Botrom of the Tube, and pa-
fallel to the Horizon, is lefs prefled juft againtt
K 4 the
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the Hole of the Tabe, fo that the Water will
rife up into the Tube till it comes up to the fame
Height with the external Water.

The Preffuve upon the lower Parts, which arifes
[rom the Gravity of the fuperincumbent 1 Jiquid, ex=
erts itfelf every Wayy and every H'ay equally.

W hich foilows from the Nature of a Liquid,
for its Parrs yicld to any Impreflion, and are eafily
moved; therefore no Drop will remain in s
Place, if, whilft it is prefied by a fuperincumbent
Liquid, it is not cqually prefled on every Side:
But it cannot be moved on account of the neigh-
bouring Drops, which are prefied in the fame
Manner, and with the fame Force, by the fuper-
incumbent Liquid; and therefore the firft or low-
eft Drop is a reft, and equally preffed on all Sides,
that 1s, in all Directions.

Experiment 3. Plare XVIIL Fig. 2.] Let the
Glafs Tubes A, By D, be immerfed in Water, in
the fame Manner as in the laft Experiment; aNG,
upon taking away the Finger, the Water will rife
in all the L'ubes to the fame Height as in the
Tube C: In-C the Preffure is directed upwards,
in B downwards, in A fidewife, and in D ob-
liquely ; yet the Prcflure is equal in each. If you
pour in a greater Quantity of Liquid into the
Veflel, it will alfo rife cqually in each Tube.

a6  Hence it follows, that allthe Particles of Liquids

@ —-:.7
=i
£

arc prefled equally on all Sides, and therefore are
at veft3 and that they do not continually move
among themfelves, as feveral have fuppoled.

Ts Tubes that bave a Communication, whether
equal or unequaly - whether frait or obliqgues @
Fluid vifes to the [ame Height s that is, ail the
upper Surfaces are in the fame horizontal Plan¢s
which is eafily deduced from what has beeo faid.

2
Plaie
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Plate XVIIL Fig. 3.] Let A bea Veflel,and B
avertical Tube, and D an inclined Tube ; they
muft communicate by Means of the Tube C; E:

!‘et there be a Liqu'{d poured into them, and let
I'& b be aSarface paraliel to the Horizon.  If the
Heights 7 and g/ be unequal, the Water will
afeend where that Difference is lealt. ¥ For the™ 274
fame Realon, unlefs the Preflures at g and & be
€qual, the Water will not be at reft; but they are
Cqual when / and # are in the fame horizontal
’lane: For fince the Preffure arifes from the Gra-
Vity of the Parts, which tends towards the Center

Of the Earth, the Height of the prefling Liquid
muit be meafured according tothat DireCtion, that

15, it will be »m ; butthe Obliquity of the Column

"7 caufes no Change, becaufe at the fame Depth
the Preflure every Way is equal. * * 275

Experiment 4. Plate XVIII1. Fig. 4.] Pour Water 278
into the Machine reprefented by Fig. 3. and after
any Agitation it will not reft, unlcls all the Sur-
faces be in the fame horizontal Plane. The Glafs
Veffel A is joined to the Glafs Tubes B and D,
by help of the Brafs Tube CE.

All Liquids are not equally heavy, that is,
have not the fame Quantity of Matter in the fame
Space; but what has been faid will agrec to every
Liquid by itfelf.
 Hlen Liguids of different Grawities are contained 279
i the fame Veffely the heavieff lies at the loweft
Placey and is preffed by the lighter, and that in Pro-

. : 5 il < b
Portion 1o the Height of the lighter.

Experiment 5. Plate XVIII. Fig. 5.] Take Wa-
ter tinged with fome Colour, and pour it into
the Glafs Veflel A to the Height of 4 ¢; im-
merge into it the Glafs Tube 4 E; the Water

wil
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4 will rife in it to the Height 4c.* Now pour in
Oil of Turpentine, which is a Liquid lighter
than Water, and immediately the Water will rife
in the Tube; and fo much the higher as the Oil
is poured in, to a greater Height: Yet the Water
in the Tube does not rife to the fame Height as
the Oil in the Velel ; becaufe, fince Water 15 hea-
vier, there is mot required the fame Height of
Water as there would be required of Oil to pro-
duce the fame Preflure.

If you have a Mind to try this Experiment
with Mercury and Water, you will find a greater
Difference in their Heights, by reafon of their
greater Difference of Gravity.

Enperiment 6. Plaze XVIIL. Fig.6.] Let the End
of a Tube be immerfed in Water, and pour Qil
into it. 'The Water in the Tube is deprefs’d as
far as d 3 yet the Height of the Oil de is greater
than the Height of the Water in the Veflel, If
the Tube be immerfed deeper, the Water will ran
into it in greater Quantity; if’ you raife it up, the
Water will again go out at g, and the Water in
the Tube de follow it, if it be railed to {uch a
Height, that the Preffure of the Oil may over-
come the Prefiurc of the Water in the lower Part

of the Tube.

C-HeA Bl I

Of the Attions of Liguids againft the Bottoms
and Sides of the Veffels that contain them.

tain & Liguid, are preffed by the Parts of

280 HE Bottom.and Sides of a Feffel, which cor-
#

he Liguid which immedintely touch them and be-

w ;6 canfe Re-aftion is equal to Aétion, * thofe Parts

all fuftain an equal Preflure. But, as the Preflion of
Liquids
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Liquids is equal every Way, the Bottom and
Sides are prels’d as much as the neighbouring
Parts of the Liquidss therefore this Abtion in-
creafes, in Proportion 10 the Height of the Liguidy™ % 4.
and is every Way equal at the fame Depth, de- 273
Peading altogether upon ‘the Height, 'and not at

all upon the Quantity of the Liquid. ' Therefore,
When the Height of the Liquid, and ‘Bigne(s of
the Bottom remain the fatme, the Aétion upon the
Battom: is always equal, however the Shape’ of
the Body: be changed. Inevery Cafe the Preflure,
futtained by the Bottom, is equal'to' the Weight
of a Column of Water, whofe Bale'is' from the
Bottom itfelf, and the Height of the vertical Di-
ftance of the upper Surfice of the Water from
the Bottom itfelf.

Plgte XVIII. Fig. 7 and 8.] Take the hollow 28;
Cylinder A, open at both Ends, and ‘finely polith-
ed within, whoft Diameter and Height alfo are
about three Inches and an half ; the Ring E is
faftened to it by a Serew; fo 4s it may be {uiftained

¥ aTrevet.

Let the Cylinder have a moveable'brals Bot-
om F; with which the bras Ring G, havinga

Crew in the Infide, is joined: This Ring retains
ind fixes a LeatherRing, broaderthanthe Bottom,
all ropnd by halfan Inch; this Leather covers the
EXternal Surface of the brafs Ring when the Bot-
t”fn is thruft into the Cylinde]‘, and it hinders the

Vater from going out when it is moved up and

9wn. This Leather muft be foaked in Oil, and
after 4 few Days it muft be taken out and foaked
B long in \-’\"étm'; after which Preparation the

Cather muft be well'anointed with Oil and Wa-
o, and’ moved feyerdl times up and down the
C,\’h-ﬂder, and left'in it in that Condition two or

tec Days. When you are going to ufe the Ma-

chine
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chine, you muft anoint the Leather again wich Oil
and Water, then the Bottom will move eafily,
and hold Water. ‘The Leathet muft be neither too
thick nor too thin, which muft be left to the Judg-
ment of the Workman.

The Bottom has in its Middle a fmall Brafs
Cylinder 4 i faftened to it, by which the Motion
of the Bottom is directed, for this Cylinder goes
thro the Hole # in the Plate 4, which is laid up-
on the larger Cylinder /4, and let into it by a Cut
in the Edge. In the upper Surface of the Cylin-
der ki there is a Cavity which contains a Screw,
by which the Bottom is joined to the Brafs Wire
# p, whichs carried through the Tube D, that
the Bottom may be faftened to the Brachium of a
Balance by the help of this Wire.

Let the Cylinder A have the Cover C laid up-
on it; ‘and, to hinder the Water from running
out, the Mouth of the Cylinder muft be cover'd
with a Leather Ring, which is ftrongly prefled by
the Screw which joins the Leather Cover to the
Cylinder, To the Coverand Cylinder itfelf may be
added a Handle, that the Cylinder may the more
cafily be fhut and open’d.  The Cover has a Hole
in the Middle, and the hollow Cylinder /, which
has a Screw on the Outfide, is faften’d to ir, that
the Tube 4 may be joined to the Machine with 2
Leather upon the Screw, to hinder the Water
from coming out.

Experiment 1. Plate X1X. Fig. 1.] Having
joined together all the Parts of the Machine i
the Manner juft mentioned, hang upon one End
of the Beam of a Balance the Brafs Wire which
15 fixed to the moveable Bottomy fo that the
Beam may be exaétly horizontal when the Bot-

tom is two Inches diftant from the Cover; then
put
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put fuch a Weight in the oppofite Scale as will
make an Zgquilibrium with the Weight of the
Bottom only. Let the Tube be one Foot long;
and, the Beam of the Balanze being placed hori-
zontal, pour Water into the Tube D, (o that it
may rife up to its upper End; another Weight of
41 Pounds, being put into the upper Scale, will
moke an Zquilibrin with the Water; and, if
you diminifh or increafe this Weighr, the Bottom
will move upwards or downwards. But you muft
obferve, that, in altering the Weight, you muft
put in, or take out a pretty confiderable Weight;
for Example, half a Pound, becaufe of the Fri-
¢tion of the Bottom.

The Diameter of the Bottom is almoft 3%
Inches, and the Height of the Top of the Water,
in this Experiment, is 14 Inches; the Weight of
a Pillar of Water of that Height, whofe Bafe is
equal to the Bottom, 1s 45 Pounds; and juft o
much does the Water prefs againft the Bottomj
tho’ there be but a fmall Quantity of Water in
the Machine.

Since only the Motion of the Bottom is to be
obferved, the Machine is to be fix’d down, left it
thould be wholly raifed; which is done by laying

fuch Weights upon it as are reprefented by PP,
Plare XX. Fig. 1, . L2

Experiment 2. Plate XIX. Fig.2.] Having
taken away the Cover and the Tube, join the
Cylinder A to the Veflel DE, which has at the

ottom a Ring with a Screw. Into this Ma-
chine pour Water upon the Bottom as high as in
the forcgoing Experiment ; the reft of the Expe-
Timent 1s made in the fame Manner as the former,
4and the Succefs is the fame; for the Preflure is
fot changed, tho’ you alter the Figure of the

Veflel
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Veflel and the Quantity of the Water, provided
you keep the Watrer to the fame Height.

Experiment 3. Plate XIX. Fig. 3.] Hang the
Cylindrick Veflel A to the End of a Balance,
which Veflel muft be filled in part by a wooden
Cylinder Dey, which Cylinder 1s fixed any how
to the Picce of Wood BC, and neither touches
the Sides nor the Bottom of the aforefaid Veflel;
if you pour Water into this Veffel to any Height,
and maike an Aquilibrium by putting Weights
in the oppofite Scale, that Weight will be the
Weight of the whole Water which would be
contained in the Veflel, the Cylinder being taken
away, fuppofing it filled to the fame Height s in
the Experiment.  And fo a fmall Quantity of
Water, whofe upper Surface is railed, fo as the
Preflure againft the Bottom be increafed, will fu-
ftain a great Weight,

It will vifibly appear, that the lateral is equal
to the vertical Preflire, making ufe of the follow-
g Machine.

282 Plate XIX, Fig. 4.} The Vellel DB is a Pa-

rallelopiped of Wood about a Foot and a half
high; in the Side towards the Bottom there i
a Hole in which there is a Brals Ring containing
a Screw, that the Cylinder A, mentioned in the
firft and fecond Experiments, may be fcrewed to
it. Here you muft rake away the Trever which
fuftained the Cylinder in thofe Experiments, and
was fixed to the lower Ring by Screws. Now
the Motion of the Bottom, in the Cylinder
horizontal. Two crosPieces of Wood are joine;i
to the Sides of this Machine, one of which 15
feen in G H; along them the Ruler CC is
moved horizontally, which is wider in the Mid-
dle towards F, that by its Motion the Bottom

of the Cylinder may be thruft inwards, Whifh
the
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the Ruler prefles a little below the Center. At
CC Ropes, as CE, are faften’d to this Ruler,
Wwhich are ftretch’d along the Picces, as G H,
and poing over Pullies at the Extremities of
the faid Pieces, as T, have Weiglts joined to
them, as P,

Eyperiment 4.] Pour Waterintothe Veflel B D,
fo that the Surface of the Water may be higher
by 14 Inches thanthe Ruler CC; letthe Weights,
as P, be of 2 Pounds and a Quarter each; fo that

oth taken together fhall amount to 4 Pounds
and a Half, the Preflure of the Water will fuftain
that Weight, and the Bottom in that Cafe will
b)e moved with the fame Eafe towards either
dare.

The following Experiment proves that the
Force, with which Water prefies upwards, is
equal to that with which it prefles downwards
and fideways.

Experiment §. Plate XX. Fig.1.] In the Middle
of the upper Surface of the Block or Foot B there
18 2 Cylinder of about 2 Inches Diameter, on which
You muft put the moveable Bottom of the Cylin-

er A, fo often mentioned; fo that, the Bottom
Yemaining fixed, the Cylinder may be moved.
The Cylinder muft have its cover on, and to it
the Tube D, 3 Feet and a Half long, muft be
faftened; pour in Water, by which, the Bottom
Temaining fix’d, the Machine will be raifed; puc
the Weights PPP, which all together weigh o
ounds, upon the Cover, and they, with the

"eight of the whole Machine, will be fuftained

Y the Water in the Tube; but the Weight of
the Machine is more than 3 Peunds and a Half.

The Force, which ads againft the Cover,
“equal to the Weight of a Pillar of Water,

whofe
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whofe Bafe is the Cover, excepting the Hole to
which the Tube is fix'd,; and whofe Height 1s the
Height of the Water-Tube abovethe inward Sur-
face of the Cover; which agrees with this Expe-
riment.

If you apply the fame Tube to a greater Ma-
chine, the Aétion againft the Cover will increafe
in the fame Ratio as the Cover; fo that a prodi-
gious Weight may be fuftained, and even raifed
by a (mall Quantity of Warer.

Plate XX. Fir. 2.] 'Take two round Boards
A B, AB, of 1y Inches Diameter, and join them
together with a Piece of Leather, fo that they
may make ‘a Cylindrick Veffel omething like a
Pair of Bellows, fo that it may contain Water.

There is a Hole 7 in the upper Board, to
which is fix’d a brafs Cylinder that has a Screw,
whereby the Tube D is fix’d to ity which isas
long as the Tube ufed in the former Experi-
ment.

Experiment 6.] Pour Water into this Bellows
thro’ the Tube, and the Water in the Tube will
fuftain the Weights P; P, P, P, P, P, all which
together weigh more than 250 Pounds. Thefe
Weights will even be railed by continuing to pour
Water into the Tube.

Though thefe are Paradoxes, they follow from
the Nature of Liquidity; every Drop which is
at reft, endeavours to recede every Way with
equal Force 3 *if therefore it be prefled on one
Side, it endeavours to recede that Way: with the
fame Force, becaule A&ion and Re-aftion ar¢
equal, and with that very Force itfelf will prefs
cvery Way. In the firfk Experiment, the Water
which touches the Bottom, and correfpands with

the
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the Tube, {uftains the Weight of the Coluinn of
#ater contain’d in the Tube, and reaching quite
to the Bottom, and prefles the Bottom with luch
a Force, that it acts with the fame Force upon the
WV ater mext to ity and fince that Zarer cannot
flow ‘out againft the Bottom, the #7azer next to
that is alfo prefs’d 'with the: fame Force. The
fame may be faid of the Zater next to that; and
fo in all Parts of the Botrom there is a Preflure
equal to that which lies under the 77afer in the
Tube; and therefore the Bottom in this Cafe is
as much prefs’d as if a Pillar of 77ater; of the
fame Heiglit as the #aler in the Tube, land of a
Bafe equal to the Bottom, fhould lie upon it.

The fifth and fixth Experiments ar¢ illuftrated
by the fame Reafoning:

In the fecond Experiment, fuppofe that the
Cylinder A fhould'bé continued, fo as to reach up
‘to the Surface of the #ater y by this Means the
external #ater would be feparated from the Zater
conrain’d in this Cylinder, and then o A#7a#ér but
this interior /7ater would prefs upon the Bottom,
and the Bottom would fuftain'it all:. The /7ater
in the Cylinder prefles againft the Sides of the
Cylinder, . and the external /#uier prefles upon the
external Surface of the Cylinder,; and the outward
Surface is prefs'd exaltly in the fame manner as
the inward, and the Preflires againft oppofite
Points are precifely equal; {o that if the Surface
Was taken away, thefe Prefiures would deftroy one
another ; therefore it is no matter, whether there
‘be fuch a Surface or not, fo that‘taking it away
(thatis, taking away the Continuation ot the Cy-
linder) the A&ion againft the Botrom:is o way
alter’d. ‘

The third Expefiment is alfo illoftrated by
What has been faid y for the ‘Weight placed in
?-he'r Balance is not only fuftain’d By the Hater

in
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in the Veflel, but alfo by the Aétion of the-in-
ferior Surface in the Cylinder P e againft the
Water.

Tho'all that has been faid depends upon the
Gravity of Liquids, their. Aétions muft be di-
{tinguith’d from their Gravity, which laft is al-

* 270 ways proportionable to the Quantity of Matter™-

CHAP I
Of Solids immerfed in Liquids.

E have often faid, that the different Gra-

vity of Bodies, whether Solids or Liquids,
arifes from this, that they contain a greater or lels
Quantity of Matter in an equal Space.

DeriniTiOoN L.

284 The Quantity of Matter in a Body being confe-
der’d in relation to its Bulk, that is, in relation to
the Space poffe’d by ity #s ¢all’d the Denfiry of
the Body.

A Body is faid to have double, or triple, ¢
the Denfity of another Body, when, fuppofing
their Bulks equal, it contains a double, or triple,
&e. Quantity of Matter,

Derinrrion IL
28y A Body is faid to be Homogeneous, when it #
every where of the (ame Denfity.

Derinirion IIL :
286 Heterogeneous, when the Denfity is unequat i
different Parts of the Body.

DeriniTion IV.
287 - The Gravity of a Bedyy confidered with selation 19
its Bulky is called the fpecifick Gravity of a B‘cifllyé
3 1
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The {pecifick Gravity is faid tobedouble, when
under the fame Bulk the Weight is double.
Therefore the fpecifick Gravities and Denfities of 288
\ Bodies, in bomogeneons Bodies, dre in the fame Ra-
‘ %o and they.are to one another as the Heights of
equgl Bodiesy in refpect to their Bulk.
Af hoimogenéous Bodies ave of the faine Weight, 28¢
their Bulks will be fo much lefs as their Denfities
are greater, and ander the {famie Weight the Bulk
is diminithed in the fame Ratio in which the Den-
ity is increafed; therefore in that Cafe the Bulks
are inverfly as the Denfities.
Hhen a Solid is immerfed in a Liguid, it is prefs'd
by the Liguid on all Sides; and that Preffure increa-
Jes in Proportion to the Height of the Liguid above
*he Solid; as it follows from what has been fiid in
the foregoing Chapter; and which may alfo be
Proved by 2 direét Experiment.

Experiment 1. Plate XX Fig.37] Tie a Ledthet
_Bag S to the End of a Glafs Tube B, and filt
1t with Mercury ; you may alfo make 'ufe of 4

ladder; let this Bag be immerfed in #ater, but
% that the End B of the Tube may be above
the ater by the Preflure of the 7ater againft
the Surface of the Bag, the Mercury in the Tube
Will rife to #3 and the Afcent of the Mercury
®llows the Proportion of the Heighr of the #7a-~
Per above the Bag.

When a Body is immerfed in a Liquid to 2
8reat Depth, the Preffure againft the ul.:tpcr Part

UTers very litle from the Preflure againfl thie un-
“t Part; ‘whence Bodies very deeply immerfedy ares
%5 it werg, equally pre(s'd on all Sides; which Pref~
re may be fuftained by foft Bodies, without any

f_‘-"mge of Figure, and by very brittle Bodies,
Without their breaking.

12 Esxperi-
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Experiment 3. Plate XIX. Fig.¢.] Take a Piece
of foft Wax of an irregular Figure, with an Egg,
and inclofe it in 2 Bladder full of Water, and the
Bladder being exaétly fhur muft be put into 2
brals Box A; let it be covered with a wooden
Cover O, fo that it may be fuftained by the Blad-
der, lay ona Weight P of 70 or 8o Pounds, and
the Bgg will not be'broken, nor the Figure of the
Wax any way changed. .

292 - A Body [pesifically beavier than a Liguidy being
immerfed in a Liguid in any Depth, will defeend.
"The inferior Part of the Body prefles the Surface
of a Liquid which it touches, and this Preflure is
equal to the Weight of a Column made up of
the Body itfelf and the fuperincumbent Liquid,
and with: this Foree the Body is carried down-
wards. The Weight of a like Column, but which
confift wholly of a Liquid, is the Force by which

* 290 the Body is prefs’d upwards by the Liquid.*‘ But

275 when the Solid' is - {uppoled: fpecifically lighter

than the Liquid, this Force is lef than that, and
therefore is overcome by it.

203  Itds proved by the fame Reafoning, That 4 So-
lid fpecifically lighter than a Liguid, and immer(ed
into ity “muft afiend to the bigheft Surface of the
Liquid.

Buc fippofe a Solid of the [ante fpecifick Gravity
with the Liquid, it will neither afcend nor defcend,
but remain fufpended in the Liguid at anry Height s
and the Liguidwill fuffain the whole Body s in which
Cafe, by reafon of the Equality of the: fpecifick
Gravities, the Liguid: fuftains a Weight equal to
the Weight of the Quantity of the: Liqaid, which
wouldfill the Space talken up by the Bady. ~ But
a Liguid afts in the fame manaer upon all equab
Solids immerfed to the fame Depth, and will
{uftain

204
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fuftain them cqua ys therefore they all Jofe Pdu.
of their Gravity.

DerinrrioNn V.

Al "cﬂigbf which keeps a Body mmerfed in @ Li- 295
quidy is called iis refpective Gravity.

And. #his refpeitive Gravity is the Exsefs of the 206
[pecifick Gmun of & Solid -above the fpefm
Gravity of a Lig Jf,ua, for fince a Svlid immerfed in
@ Liguid inins that Part of its Weight whi fh 1s
fuftained by the Liquid, it lofes the Weight of the
Quantity of the Irrfwn awbich could ﬁ!l the S}uu’:
taken 1p by the Body.

297

/

Experiment 3. Plate XX1. Fig. IT Hang the hol-
low Brafs (,vl'ndm E to the Balmice above-meén-
Tioned 5 % }nrrr the folid Cylinder ‘C of theyfame # 27,
Metal by a Horfe-hair to 2 Hook fix’d to the
Bottom, which, if it be put into the other C y-
linder E, will exaétly fll it; fo that F, when
it is fall of W, 11'1., will contain fuch a Quantity
of Water as will fill the Place taken up by C; put
a Weight in the '\p*‘o{xtc Scale to make an Aiqui-
librium ; let the Balance de xcend, that'the Cylinder
C may be immerfed into the Water conitained in
the Veflel D by th'u: Means the Aquilibrium is
deftroyed, Bemu. & 13 p‘..rlv fuftained by the
Water; bur is reftored, it B be fill'd with Wa-
ier.

"'Ie nce it f Jllrm’“ that all egual Solids, but of 208
different [pecifick Gravity, when z‘/}l are z”m;ﬂ*/cfi
#to the Jame Liguid, they Iofe cf"vu.! Parts of their
Weight. 'The laft mentioned ?p"nm“ﬂr will
fucceed in the fame Mann®r with a Cylinder of
any other T\’Iem!, and by pouring i1 the fame
ant:w of Water, that is, fo much as will fill
the Veflel E, the Aquilibriumy will always be-

reftored,
L 3 More-
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209  Moreover, from what has been faid it follows,
that however the Denfities of equal Bodies differ
among themfelves, if they be immerfed in the [ame
Liquids, the W eight which they Iofe is in the Ratio
of their Bulks, for the Spaces which they take up
in 2 Liquid are in the fame Ratio.

Therefore Bodies of the fame Weight, but of
different Denfities, lofe an equal Part of their
Weight, when they are immerfed in the fame Li-
quid, becaufe of the Inequality of their Bulks.

Experiment 4. Plate XX. Fig. 4. ] Let two Pieces
of Metal of the fame Weight, the one of Gold,
and the other of Lead, g, g, be fufpended with
the Hook V V of the Balance above-mentioned

® 271 with Horfe-hair, * and you will have an ZEqui-
librjumy let the Balance defcend, and the Bodics
g, g, be immerged in the Z7ater contained in the
Veflel FF, and the Aquilibrium will be de-
ftroyed. When a Solid, fpecifically heavier than
a Liquid, is fufpended in a Liquid, the Liquid
alts on every Side againft that Solid, in Propor-
* 290 tion to its Weight, * and the Solid re-aéts equally
againft it ; therefore thofe Actions are the fame as
if the Space taken up by the Solid were fill'd with
the Liquid; therefore if is no Matter, in refpect of
the Gravity of the Liguidy whether a Solidy [pecifi-
cally heawier than the Liguid, be [ufpended in ity 67
¢ Quantity of the Liquid be pouved in, which takes

L

up @ Space equal to the Solid.

360 Expeviment §. Plate XXI. Fig. 2.] Take the
Vefiel A containing /¥ ater, hang it to one End of
the Balance, immerge into it the Brafs Cylinder
C, which is fuftained by a Horle-harr, left it
fhould touch the Bortom of the Veflel, putting
a Weight into the oppofite Scale, and you will

have an Aquilibrium; take the Cylinder CC'li,ﬂ:E

o
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of the Water, the Aquilibrium will bedeftroyed :
and it will be reftored again by pouring in Water
as much as can be contained in the hollow Cy-
linder E, which will be exaétly filled by the fol-
lowing Cylinder C.

By comparing together the Numb. 297 and 301
300, as alfo the third and fifth Experiments, which
confirm them, it appears, that a Liguid acquires
the HWeight which the immerfed Solid lofes. ~The
Force of Gravity is always proportionable to the
Quantity of Matter, and is not changed by the
Immerfion of a Solid into a Liquid; wherefore
the Sum of the Weight of the Solid, and of
the Liquid, do not differ before and after the Im-
merfion. .

Esperiment 6. Plate XX. Fig.¢.] Hang the So-
lid C to the Balance, and make an Aquilibrium,
by putting into the oppofite Scale B the Weights
P and p, of which p equal to the Weight which
the Body C lofes in Water. Take the Veflel E,
which contains Water, and is fufpended to the
Balance EF, and, putting a Weight into the op-
pofite Scale, make an Hquilibrium here alfo; let
the Balance defcend with the Body C, that it may
be immerfed in the Water contain’d in D, by this
Means you will deflroy the Aquilibrium in both
Balancesy, which will be reftored by taking out of
the Scale B the Weight p, and putting it into the
Scale of the Brachium F.

A Body {pecifically heavier than a Liquid, and
which defcends in it, is carried downwards with
a greater Force than it is prefled upwards, as has
been explained before*; the Difference of which * 29,
Forces 15 the refpeétive Gravity of the Body.

The firft Force in part confifts of the Weighe
of the Liquid incumbent over the Body, and the
Body may be immerfed to fuch a Depth, that

L 4 thag
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that Weight fhall beequal to the above-mentioned
{pecifick Gravity: If in that Cafe you take away
the fuperincumbent Liquid, the Body will be fu-
ftained by the Preffure of the Liquid under it. If
the Body immerfed to a greater Depth, and the
Liquid be alfo hindered from pafling upon the up-
per Surface of the Body (becaufe the Preflure by
which a Body is pufhed up, increafes as the Depth
to which it is immerfed) * the Body then will be
carried upwards with greater Force than down-
wards by Gravity ; wherefore, if it could move
freely, it would afcend.

Experiment 7. Plate XXI. Fig.3.] To the Cy-
linder C, which is open at both Ends, apply at
Bottom the Plate of Lead F, a Quarter of an
Inch thick; if it fits fo exactly to the Cylinder as
to let no Water {lip by, and the Plate be held up
by a Thread faftened to the Hook V in the Cen-
ter of the Plate, until it be immerfed with the
Cylinders to the Depth of about 3 Inches, the
Lead will be fuftained by the Water, as appears
by letting go the Thread. If you immerge it to
a greater Depth, it will ftick clofer to the Cylin-
der; but if to a lefs, it will fall off.

If this Experiment was made with a Plate of
Gold, itought to be immerfed to a greater Depths
for the fpecifick Gravity of Gold is to the fpeci-
fick Gravity of Water as 19 to 1; and therefore
its refpective Gravity is to that of Water as I 8 to

® 596 1.% Thercfore to have a Pillar of Water equ‘&l

in refpedtive Gravity to the Plate of Gold, that
Pillar muft be above 18 times its Height; anc
therefore the Bleight of the Water, above the
upper Surface of the Plate of Gold, muit be at
leaft equal to as many times its Thicknefs.

Experiment’
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Experiment 8. Plate XX1. Fig.3.7] Take a Cy~
linder A with a moveable Bottom, that has alio
a Cover with the Tube D joined to it, as was be-
foredefcribed ; * immerge 1t in Water, and whenit
comes to be a Foot under Water, the Bottom will
rife, although it weighs a Pound and a Quarter,
and has PaPound Weight {crewed to it at Bottom-

If the fame Solid be immerfed into Liquids of
different Denfity, it will lofe different Parts of its
Weight: * And therefore, when two Bodies of
the fame Denfity and Weight are immerfed in Li-
quors of different Denfity, they will lofe their
Aguilibrium.

Esxperiment 8.7 Plate XX1. Fig. 4.) Take two
flat Pieces g g, of the fame Metal and equal, and
hang them upon the Hooks V'V of the Scales
Aand B ; then by theDefcent of the Balance im-
merge them in the Liquids contained in the Vel=
fels FFy the one in Water, the other in Oil of
Turpentine, and the Aquilibrium will be deftroy-
ed, the Piece which was immeried in Oil becom-
mg lighter.

A Solid lighter than a Liquid, and immierfed in ity 3

dicends and remains at the upper Part of the Li-
quid, * {o as to be immerfed only in Part; but the
greater is its fpecifick Gravity, the more it de-
icends, and the Body will not be at reft #ill the im-
#erfed Part takes ap fuch a Space in the Liguid, that
the Bulk of the Liquid, which would fill that Space,
Joallweigh as much as the whole Body. For in ano-
ther Cale the Solid does_not aé with the fame
Force againft the neighbouring Parts of the Li-
quid, as the Liquid would a&, if it fhould take up
the Place of the Body; therefore in this Cafe alone
the Liquid and the Body can be at refl.*

It
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It follows from this Propofition, that the iz~
wierfed Parts of the Bodiess [wimming on the Sur-
face of the fame Liquor, are to one anothery as the
Feights of the Bodies. ‘Uherefore if, by fuperad-
ding a Weight, the Gravity of the Body is changed,
the immerfed Part is increafed in the fame Propor-
tion, and the Parts, which defcend into the Liguid
by laying on of different Weights, are to one amother
as thofe W eights. "

Expeviment 10. Plate XXII. Fig. 1.] Takea
Veflel A containing Water in it let C be ahollow
Cylinder of any Metal; lay upon it the Weight
P, that it may defcend into the Water with its Part
bd; adding the Weight of one Pound, meafure
how far it willdefcend ; then adding another equal
Weight, you will find that it will defcend equally
every time.

In Numb. 302 and 303, confirmed by the £x-
periments 7 and 8, it appeared how a Body, fpe-
cifically heavier than a Liquid, may be made to
fwim; by the fame Method a Body, fpecifically
lighter than a Liquid, may be retained at the Bot-
tom: In that Cafe the Preflure of the fuper-incum=~
bent Water is taken off; but here you muft take
oft the Preflure of the inferior Water whereby
the Body is puthed upwards.

Experiment 11. Plate XXII. Fig.2.] Upon the
Foot D, which is fixed at the Bottom of the
Veflel A, there is a Brafs Plate 4¢ exaltly flat
and polifhed ; there is another Brafs Plate ¢, like
the former, faflened to a large Piece of Cork E,
{o that together with the Cork it {hall make up 2
Body fpecifically lighter than Water : Lay this Plate
upon the other, {o that they may fit, and keep the
Cork down with a Stick while you pour in Wa-
ter; leaving the Cork, it will not afcend until, by
moving
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moving it out of its Place, the Plates arc fepara-
ted, fo that the Water may esert its Preflurc a-
gaint the Plate joined with the Cork, and pufh it
upwards together with the Cork.

CEEL A BN
Of the Manner of comparing the Denfities of
Liquids,

Ince the Denfity of Bodies isin Proportion to 359
their Gravity, by comparing the Weights of
equal Bodies we difcover their Denfities.  * /f * 238
therefore any Peffel be exatlly filled with a Ligquid,
and that Liquid be weighed; and if yow make the
fame Experiment with other Liguidsy their MW eights
awill be as their Denfities. But, as this Method 15
liable to feveral Difficulties in-Praétice, I {hall not

fpend any Time in-explaining it here.

When the Preffures of two Liguids are equal, the 310
Quantities of Matter, in Columns that have equal
Bafes, do not differ; * wherefore the Bulks, that # 275
is, the Heights of the Columns, are inverfly as the
Denfities; * whence may be deduced the Method * 589
of comparing them together.

_Ex‘jf’cri}izcizt 1. Plare XXII. Fig.3.] Pour Mer-
cury into a curve Tube A, fo as to fill the lower
Part of the Tube from £ to ¢; pour in Water in
one Leg from & to ¢; in the other Leg pour in
Oil of Turpentine, till both the Surfaces of the
Mercury ¢ be in the fame horizontal Line, and
the Height of the Oil be ¢d: Thefe Heights will

¢ as 87 to 100, which is the inverfe Ratio that
the Denfity of the Water has to the Denfity of

Oil of Turpentine; and therefore thefe Denfities
are to each other 35 100 1087,

The
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The Mercury is poured in, left the Liquids
fhould be mix’d in the Bottom of the Tube.
The Denfities of Liquids are alfo compared to-
gether, by immerging a Solid into them ; for if 4

311 Solid, lighter than the Liguids to0 be compared toge-

ther, be immes[ed fucceffively into differert Liguids,
the immerfed Parts will be inverfely as the Denjities
of the Liquidsy for, becaufe the fame Solid is made
ufe of, the Portions of the different Liquors, which
in every Cafe would fill the Space taken up by the

#305 immeried Part, are of the fame Weight;* there-

fore the Bulks of thofe Portions, that is, the im-
merfed Parts themielves, are inverfely as the Den-

#289 fities. ¥

Plate XX1I. Fig. 4.] Take theGlafs A, which
is a hollow Ball that has a Tubedivided into equal
Parts; at the Bottom of the great Ball there is
a {mall one, Part of which is fill’d with Mer-
cury, or very fmall Shot, whole Weighe ferves
to make the Tube defcend vertically in Liquids,
and ftand in that Pofition ;: Care muft be taken
not to, have too much Weight in the little Ball,
for the whole Glas muft be lighter than the Li-
quids to be compared together. The Hydrometers
(for fo it is called) defcends to different Depths in
different Liquids; and thofe Denfities, as we have
already faid, are inverfely as the Parss immerfed,
which therefore are to becompared together. Tic
a Thread to the Hydrometer, and weigh it toge-
ther with the Thread; the Weight (if it be like
mine) will be §73 Grains; if put into Water, it
will defcend to &; thereforeaBulk of Water, equal
to the immerfed Part of the Hydrometer, weighs

*#305 573 Grains,® and may be exprefled by that Num-

ber. Faften the Thread above-mentioned to the
Hook V of the Scale A of the Balance repre-
fented in Plare XVIII. Fig. 1. the Hydrometer

remains
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femains immerfedy puv 20 Grains in the Scale B,
and let the Weight P be mowed gently to raife
the Balance, (by which the Tube will be drawn a
little way out.of the Aater) till there be an
/A quilibrium, and" the Surface of the A ater then
will be given with the Point 45 the Zater fuftaing
the Weight of the' whole Machine, except 2a
Grains ; that is, it fuftains 53 Grainss and the
Weight of the fame Bulk of #azer, which is now
immerfed, weighs juft {o many Grains, and Is
expreffed by that Number; ‘wherefore one may
call the Bulk of the Parts 4/ of the Tube 203
if the Space db be divided into 10 equal Parts,
and’ you: continue the Divifions upwards beyond
by and downwards below d, each Divifion may
be called 25 and by obferving' the Divifion to
which the Infirument defcends in a Liquid, you
will have the Bulk of the immerfed Part; fo, if
the whole Tube ftands out above the Z7ater, the
immerfed Bulk will be j49; ‘if it rifes to the
upper Divifions, the immeried Bulk will be §793
and the Denfities of the Liquids, in which this
happens, will' be inverfly as thofe Numbers, that
1s; a8 §79 to 749, and only the intermediate
Denfities may be compar’d by this Inftruments
if the Ball was lefs in Proportion to the Tube,
it would ferve for comparing together Liquids
whofe Denfities differ more than this. When
feveral Liquids are = compared ' together, the
Numbers which exprefs the Bulk of the immer-
fed Parts are the Denominators of Frations,
which have 1 for their Numerator; and thefe
Frations exprefs the Ratio of the Denfities;

for they are to one another inverfly as the Deno-
minators.

Experiment 2.] Let the Denfities of 'Waters,
containing different Quantities of Salts, be to be
coms=
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compared, the Hydrometer defcends in the one
to the Divifion @3 if it be immerfed in another,
it only defcends to the Divifion ¢, their Denfities
will be to one another as 145 to v#r, as may be ea~
fily deduced from what has been faid.

This Method is alfo liable to feveral Difficulties
befides this, that it is difficult to compare together
Liquors very different in Denfity by the fame Hy-

drometer.

813 The belt Method of all is, to make ufe of 2

Solid heavier than the Liquids. #her the fame

314 Body is immerfed in different Liquids, the Weightss

which it lofes in the Liguidsy, ave to each other as
97 the Denfities of thofe Liguids.* Here you muft

88 ufe a hydroftatical Bﬂlnﬁée, ¥ and befides a folid

-

7! Piece of Glafs, as C, which may hang to one

of the Scales by a Horfe-hair, Plate XXI1. Fig.
> and 6, you muft have a Weight, as P, which
aquiponderates with the Glafs C, when it 6
immerfed in Water, as is reprefented in Fig. 4.
The Difference between the Weight P, and the
Weight of the Glals C, when it is taken out of
the /Zater, is the Weight which the Body has
loft, when weighd in /#ater : This muft be ob-
ferved, that it may ferve in all the Experiments;
1n our Balance it weighs 722 Grains. Sufpend the
Body in any other Liquid, unlefs it be of the
fame Denfity as #ater, the Aquilibrium will not
be preferved: Let it be reftored by putting Grain
Weights in either of the Scales; if they be put in-
to the Balance A, add them to the above-men-=
tioned Difference of 722 Grains; if the Weights
be put into B, fubftraét them from that Numbers
and by that Means in each of thofe Cafes, as it
appears, the Weight loft by aBody is determined,
that is, the Weight which exprefles the Denfity
of the Lic}uid,

Experi=
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Experiment 3.} Letthe Weight Cywhich hangs
from the Scale A, be immerfed in ©il of Tur-
pentine; ‘whilft the Weight P hangs  from the
Scale B3 put 94 Grains in the Scale B, and you
will have an Zquilibrium. Then immerge the
fame Weight in Milk, that the Balance may re-
turn to an Eguilibrium, a Weight of 22 Grains
muft be put in the Scale A. Subftracting the firft
Number from 722, and adding the fecond to ity
you will have 628 and 744, expreffing the Den-
fities of the above-mentioned Liquids; whillt 722
fhews the Denfity of the Water itfelf.

CHAR P V.
Of the Hydroftatical Comparifon of Selids.

IN all homogeneous and equal Bodies, the Den-
& fities are as the Weights; * in unequal Bodies
Of the fame Weight, the Denfities are inverfly as
the Bulks;* if thereforeboth the Bulksand Weghts
differ, the Ratio of the Denfities is compounded
of the dire& Ratio of the Weights, and the in-
verfe Ratio of the Bulks; and therefore, dividing
Zhe IWeights by the Bulks, you bave the Denfitiess
that is, you will have Numbers thatare to each o-
ther a5 thofe Denfities.

The Weight of all Bodits may be compared by

eans of the Balance; the Bulks are found by i~
"erging Bodies in the fame Liguid for the IWeights,
Which they lofey are as the Bulks*

Plare XX1. Fig.7.]  Here alfo the hydroftati-
€al Balaneeis to be ufed,*as likewife the Glafs Vef-
€l D, in which the Bodies to be compared are to
V€ placed ; you muft alfo have fuch a Weight as
s reprefented by P in Fig. 6. that is, equal to the
Weight
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Weight of Dj and laftly, the Weight p (Fig.8.)
equal to the Weight which the Glafs D lofes,

-when it hangs in the Hoater.

With a Horfe-hair you muft-faften the Glafs D
in the Placeof the Body C (Fig.4.) in the Scale
A, and hanging the Weight P in the Scale B, you
will have an Aquilibrinm.’ The Body, whole
Denfity: is required, is placed in the Glals: D (as
we have faid before) and weighed, the Veflel
and Body being: immexfed 'in J#arer ; putting the
Weight p into the Scale B, the Aquilibrium is
reftored in refpe to the Glafs D 5 you muft add
as much Weight befidesas isrequired to'make an
Hquilibrium, and that will be the Weight loft by
the Body weighed ; by this Weight therefore you
muft divide the Weight of theBody itfelf, to have
the Denfity. *

Experiment 1.] APiece of Gold, weighing 137
Grains, loft in Water 7% Grains. A Piece of
Silver, weighing 248 Grains, loft in #ater 24
Grains. Therefore their Denfities are as 1835 to
104, thdt is; nearly as 11 t0’'6. By faftening a Bo<
dy, whofe Denfity is required,and is hieavier than a
Liquid, to a Body lighter than the Liquid, the
Denfity is alfo defcovered.

Piate XXII. Fig. ¢ Take the Machine Ay
like the Machine defcribed inthe preceding Chap-
rery* and let it have fixed to its Bottom the Ring
DF, and to'its Top the Ring FG; then the

. Ball willy by its own Weight; be in part immerg’d

in #7ater. This Machine eannot be apply'd to
Ufe, tnlel you know by {ome’ other Method,
how much of its Weight any Body lofes in #7%-
ter; thetefore we lay down'as known, that 109 e
Graitis of ' Ledd weigh 'in'#arér but 100 Grdins;
therefore Tay jult as many Grais upon the grilg

"% By
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DE as will make the Machine, when immerg’d
in Water, defcend to @; lay what Number of
Grains you pleafe upon the Ring F G, for Ex-
ample, Eight, and the Machine defcends to ¢;
the Space z¢ muft be divided into Eight Parts,
and the Divifions muft be continued upwards and
downwards ; if you make # the hundredth Divifi-
on, ¢ will be the hundred and eighth Divifion, and
the loweft of all in this Figure will be the g7th.
*Tis plain, that if the Propofition of Ne#. 307 be
compar’d with the aforefaid Preparation, the Di-
vifion, to which the Machine defcends in Water,
fhews the Weight of the Grains which prefs down
the Machine; therefore laying a2 Body upon the
Ring D E, itsWeight inWater will be determined ;
by fubftracting this Weight from its Weight out
of the Water, you will have the Weight loft in
the Water; by which if the Weight out of the
Water be divided, the Denfity is difcover’d, as
has been faid in the Beginning of this Chapter.

Experiment 2.} Lay a Plece of Brafs, weigh-
ing, for Example, 100 Graing, on the Ring DE
by which the Ball of the Machine is not im-
merg’d ; lay any Weight, for Example, of 17
Grains, on the Ring F G, and the Machine de-
{cends to &, that is, to the 105th Divifion; which
proves, that the Machine is prefs’d down by fo
many Grains; from this Number of Grains fub-
ftraét the 17 laft mentioned, the remaining 88
are the Weight of the Piecc of Brafs in Water,
which therefore lofes 12 Grains. If again, the
Weighr 100 Grains be divided by the 12 Grains,
you have 8+, expreffing the Denfity of the Brafs.
The Denfities of any other Bedics may be fcund
after the fame Manner.

This Method has feveral Difficulties. The
foregoing is the beft of all.
M CH AP,
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CHAP VL
Of the Refiftance of Fluids.

319 L L Bodies moved in Fiuids [uffer a Refifi-
ance, which arifes from two Caufes. The

Jfirft is the Cobefion of the Parts of the Liquid. A
Body in its Motion, feparating the Parts of a Li-
quid, muft overcome the Force with which thofe
Parts cohiere, and thereby its Motion is retarded.
12The fecond is the Inertia, or Inaltivity of Mat-
ter, that belongs to all Bodies, which is the Rea-
fon, that a certain Force is required to remove the
Particles from their Places, in order tolet the Body
pafs. 'The Body acts upon the Parts to remove
them, and they diminifh its Motion by Re-ation.

320 The Retardation from the firk Caufe, that is,
the Cobefion of Parts, is always the fame in the
fame Space, the fame Body remaining, be the
Velocity of the Body what it will. The fame
Cohefion is to be overcome in every Cafe; there-
fore this Refiftance increafes as the Space run
through, in which Ratio the Velocity alfo in-

* 3 creafes ; * therefore it 75 as the Velocity itfelf.

321 Tbe Refifance arifiug from the Inertia, or Inalti-
wity of Mattery when the (ame Body moves through
different Liquids with the fame Velocities, follows
the Proportion of the Matter to be removed in the
fame Time, which #s as the Denfity of the Liquid.

322 When the fame Body moves thro’ the [fame Lz~
quid with different Velocities, this Refiffance i-
creafes in Proportion to the Number of Particles
ftruck in an equal Time, which Number is as the
Space run through in that Time, that is, as the
Velocity, But this Refiftance does farther increafe
in Proportion to the Force with which the Body

runs againft every Part; which Force is alfolﬁs
' the
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the Velocity of the Body. And therefore, if the
Velocity is triple, the Refiftance is triple from
a triple Number of Parts to be removed out of
their Places. It is alfo triple from a Blow three
times ftronger againft every Particle; therefore
the whole Refiftance is ninefold, that is, as rke
Square of the Velocity.

A Body therefore moved in a Liquid is refifted 323
partly in a Ratio of the Velocity, and partly in
a2 duplicate Ratio of it. Zhe Refiflance from the
Cobafion of Parts in Liguids, except glutinous ones,
is not very [enfible in refpeét of the other Refifb-
ance ; which asitincreafes in a Ratio of the Square
of the Velocities, * but the firft in a Ratio of the * 222
Velocity itfelf: * By how much the Velocity in-* 220
creafes, by fo much more do thefe Refiftances
differ amongft themfelves ; wherefore, in fivifter 324
Motions the Refiffance alone is to le confidered,
which is as the Square of the Velocity.

I fhall not now treat of tenacious or glutinous
Liquids, nor of flow Motions, in which the Re-
fiftance, arifing from the Cohefion of the Parts,
muft be confidered.

If a Liquid be included in a Veflel of a prifmati- 325
cal Figure, and there be moved along in it with
eqial Velocity, and a Diretion paralle] to the Sides
of the Prifm, #wo Bedies, the one [pherical and the
other cylindric, fo that the Diameter of the Bafe of
this laft be equal to the Diameter of the Sphere,
and ybe Cylinder be moved in the Diretion of its
Axis, thee Bodies will [uffer the [ame Refiflance.

To demonttrate this, fuppofe the Bodies at reft,
and that the Liquid moves in the Veflel with the
fame Velocity that the Bodies had; by this the pe-
lative Motion of the Bodies and the Liquid is not
changed, therefore the Actions of the Bodjes on
the Liquid, and of the Liquid on the Bodies, are
not changed. The Retardation which the Liquor

M 2 fuffers
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fuffets in paffing by the Body, arifes only from
this, That in that Place it is reduced toa narrower
Space, but the Capacity of the Vefiel is equally
diminifhed by each Body; therefore each Body
produces an equal Retardation. And becaufe Ac-
tion and Re-action are equal to one another, the
Liquids act equally upon each Body; wherefore
alfo each Body is equally retarded, when the Bo-
dies are moved, and the Liquid is at reft.

326 This Demonfiration will alfo obtain, tho' the

Veffel be fuppofed much bigger; and it will do
in an infinite Liquid comprefled ; therefore it
may be referved to Bodies deeply immerfed. Here
we fpeak of a continuous Liquid, and whofe
Parts cannot be reduced into a lefler Space by
Preffure ; otherwife there will be an Accumula-
tion before the Body, and a Relaxation behind ;
and fo much the more, the more blunt the Body

2w is; which alfo caufes a greater Irregularity in the
3<7 g g Y

32

Motion of the Liquid, and a greater Retardation
in the Motion of the Body.

When a Body is moved in any Liquid. along the
Surface, the Liguid is raifed before the Body, and
deprefled behind ; and thefe Elevations and De-
preffions are greater, tbe more blunt the Body 15,
and by that Means it is more vetarded ; for there
is alfo a greater Irregularity in the Motion of the

8 Liquid in this Cafe, which ftill more increafes the
Retardation of the Body. his is alfo true, if
the Body be not immerfed deep 5 yet in that Cale
the Irregularity of the Motion of the Liquid is
the chief Caufe of the Retardation.

Therefore, to take away thefe Irregularities, We
muft confider Bodies as deeply immerfed, and give
Rules relating to them; by which the Retarda-
tions in feveral Cafes may be compared together.
We fuppofe the Bodies fpherical, tho’ the De-
monftrations will ferve for all fimilar Bodies moved

in the {fame manner, Here
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Here you muit obferve, thattbe Refiffanc, is to 329
bediftinguifbed from the Retardation ; the Refift-
ance produces the Retardation. #hen we (peak of
the fame Body, the one may be taken for the other,
becaufe they are in the fame Proportion ; but, fup-
pofing the Bodies different, the fame Refiftance
often generates different Retardations.  From the 330
Refiftance arifes a Motion contrdry to the Motion
of the Body ; the Retardation is the Celerity, and
tbe Refiffance itfelf is the Quantity of Motion.

Let the Bodies be equaly but of different Denfi- 331
tiesy and moved thro’ the (ame Liguid with equal
Velocity, the Liquid ats in the fame Manner up-
on both ; therefore they fuffer the fame Refift-
ance, but different Retardations; and they are
20 one anotber as the Celerities, which may be ge-
nerated by the fame Forces in the Bodies propo-
fed; *thatis, they are inverfly asthe Quantities * ;30
of Matter in thofe Bodies, * or inver/ly as the * o
Degfities.

Now, fuppofing Bodies of the fame Denfity, but33rx
unequal, moved equally faff thro’ the fame Fluid,
the Refiftances increafe according to their Super-
fices, that is, as the Squares of their Diameters ;
the Quantities are increafed in Proportion to the
Cubes of the Diameter ; the Refiftances are the
Quantities of Motion, the Retardations are the
Celerities arifing from them ; * dividing the* ;30
Quantities of Motion by the Quantities of Mat-
ter, you will have the Celerities; * therefore the * 64
Retardations are dire@ly as the Squares of the
Diameters, and inverfly as the Cubes of the Di-
ameters, that is, 7uverfly, asthe Diawmeters them-
felwes.

If the Bodies are equal, move equally [wift, 332
and are of the fame Denfity, but are moved thro’
different Liquids, their Retardations are as the* *
Denfities of thofe Liquids, %

M 3 When
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iben Bodies, equally denfeandequal, avecarried
thro’ the (ame Liguid with different Velocities, the
Retardations are as the Squares of the Velocities. *

From what has been faid, the Retardations of
any Motions may be compared together, for they
are firft, as the Squares of the Velocities 5 * fe-
condly, as the Denfities of the Liquids thro” which
the Bodies are moved 5 thivdly, inverfly, as the Di-
ameters of thofe Bodiess laftly, inverfly, astbe
Denfities of the Bodies themfelves. *

"The Numbers in the Ratio, compounded of
thofe Ratio’s, exprefs the Proportion of the Re-
tardations. Mulriplying the Square of the Velo-
city by the Denfity of the Liquid, and dividing
the Produét by the Produé& of the Diameter of
the Body multiplied into its Denfity, and work-
ing thus for feveral Motions, the Quotients of the
Divifions will ftill have the fame compound Ratio
to one another.

Thefe Retardations may alfo be compared to-
gether, by comparing the Refiftance with the
Gravity. It is demonftrated, that the Refiffance
of @ Cylinder, which moves in the Direftion of its
Axis (to which the Refiftance of a Sphere of the
fame Diamerer is equal *) dsequal to the IVeight of
a Cylinder made of that Liquid, tbro’ which tbe
Body is moved, baving #ts Bafeequal to the Body's
Bafe, and its Height egual to balf rbe Height, from
which a Body falling in Vacuo may acquire the ‘I’E'-,
Tocity with which the (aid Cylinder is moved 1510
#he Lignid. From the given Celerity of the Body
moved, the Height of the Liquid Cylinder is
found, as alfo the Weight of it from the known
{pecifick Gravity of the Liquid and Diameter of
the Body. Let aBall, for Example, of 3 Inches
Diameter be moved in Water with that Celerity
with which it would go thro’ 16 Foot in a Se-

cond : From what has been faid of falling
Bodies
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Bodies and Pendulums, * as alfo by Experiments ™ 157
made on Pendulums, it has been found that this :fs
is the Celerity which a Body acquires in falling 2
from a Height of 4 Foot; therefore the Weight

of a Cylinder of Water, of 3 Inches Diameter,

and 2 Foot high, thatis, a Weight of about 6
Pounds and 3 Ounces, is equal to the Refiftance

of the aforefaid Ball.

Let the Refiftance fo difcovered le divided by 337
the Weight of the Body, which determines its Quan-
tity of Matter, and you will bave the Retardation® * 79
By which Rule the Proportion of the feveral Re-
tardations is difcovered, * and found to be the * 330
fame as is given hy the foregoing Rule. 335

Having confidered the Retardations of direlt
Motions, we pafs on to the Motion of Pendulums.

The Arc defcribed by a Pendulum ofcillating 7z 338
Vacuo, with a Celerity that it has acquired by de-
fcending, is equal to the Arc which is defcribed
by the Defcent; * the fame does not happen ina™ 1s:
Liquid, and there is a greater Difference between
thofe Arcs, the greater the Refiftance is ; that is,
if you {peak of the fame Liquid and Pendulum,
the greater the Arc is which is defcribed in the
Defcent.

Let the Refiftance of the Liquid be in Proportion 339
20 the Velacity, and two Pendriums, entively alike,
ofcillating in a Cycloid, perform unequal Vibrations,
aid begin to fall the fm\ne Moment ; they begin to
move by Forcesthatareasthe Arcstobedefcribed ;* * 19
if thofe Impreflions alone, which are made the
firt Moment, be confidered, after a given Time,
the Celerities will be in the fame Ratio as in the
Beginning; for the Retardations, which are as
the Velocities themfelves, * cannot change their* ;.o
Proportions, for the Ratio between Quantities
18 not changed by the Addition and Subftration
of the Quantities in the fame Ratio. Thercfore

M 4 in
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in equal Times, however the Celerities of Bo-
dies are changed in their Motion by the Re-
fiftance, Spaces which are gone thro’ are as the

* 53 Forces in the Beginning; * that is, as the Arcs to

be deferibed by the Defcent ; therefore after any
Time the Bodies are in the correfpondent Points
of thofe Arcs. But in thefe Points the Forces are

* 156 generated in the fame Ratio as in the Beginning,*

and the Proportion of the Celerities, which is not
varied by the Refiftance, fuffers no Change from
the Gravity. In the Afcent, Gravity retards the
Motion of the Body, but in correfpondent Points
its Aétions are in the fame Ratio as in Defcents,
‘And therefore every where in correfpondent Points
the Celerities arc in the fame Ratio. Butas in
the fame Moments the Bodies are in thefe corre-
fpondent Points, it follows that the Motion of
both is deftroyed in the fame Moment, that is,
they finifb their Vibrations in the [ame Time. The
Spaces, run thro’ in the Time of one Vibration,
are as the Forces by which they are run thro’s
540 that is, 7he Ares of the whole Vibrations are as
the Arcs deferibed by the Dejeent, whofe Double
are the Arcs to be deferibed iz Vacuo, The De-
341 feits of the Ares to be defcribed in Liquids, froma
the Arcs to be deferibed in Vacuo, are the Diffe~
rences of Quantities in the {fame Ratio, and are 45
the Ares deferibed by the Defcent.

342 Since there is the fame Proportion between
thofe different Arcs, it follows, that the Celerities,
in the correfpondent Points of the Ares defcribed,
are every where as the Ares deferibed by the De-
feent 5 for thefe correfpondent Foints are alfo the
correfpondent Points of the Arcs to be defcribed
i Vacuo, in which we have demonftrated that
this Proportion holds.

343 Now let the Refifiance increafe in the Duplicare
Ratio of the Velocity, and let the Pendulum perform

unequ 6
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unequal Vibration, the greateft will laft the longeft,
becaufe the Refiftance increafes more than in the
Cafe Numb. 239.

Yet the Celerities, [uppofing the Arcs not very 344

unegial in the correfpondent Points of the Arcs de-
[eribed, ave every where pearly in the fame Ratio,
and indeed in the Ratio of the Ares deferibed by
the Defcent. 1f the Refiftance was in the Ratio
of the Celerity, this Proportion would ob-
tain ; * but now it is difturbed by reafon of
a greater Refiftance in a greater Vibration,
by which the Motion in this is more diminifh-
ed. But it is more accelerated by two Caufes,
1ft, this greater Vibration lafts longer, * and the
Body ftays longer in a certain Space, than in the
correfpondent Space in a lefs Vibration, and is
accelerated during a longer Time. 2dly, the
Defet of the Arc deferibed here, froman Are to
be defcribed 71 Vacno, is greater in Proportion,
in a greater Vibration, becaufe in this the Re-
fiftance differs more from the Refiftance in a lefs
Vibration than in Numb. 241. Therefore the cor-
refpondent Points, keeping the {fame Proportion,
are more diftant from the loweft Pointin the great-
er than in the lefler Arc, as long as the Body de-
{cends in it: therefore in Proportion it has a great-
er Acceleration, becaufe the Force whichaétscon-
tinually on the Body, is as its Diftance from the
lower Point ; * therefore there is a Compenfation,
and the Proportion above-mentioned is reftored.
In the Afcent of the Body, the Duration of the
Retardation concurs with the Refiftance to di-
fturb that Proportion ; but now the correfpon-
dent Points are lefs diftant from the loweft Point
in the greater Arc (the fame Proportion conti-
nuing) than in the leffer, and the Gravity in
Proportion produces a lefs Retardation ; and

there-

*
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therefore now (the Proportion continuing) the
Difference of the Diftance of the correfpondent
Points from the loweft Point is increafed, fo that
a Compenfation is given from this alone.

The Refiftances which are as the Squares of
the Celerities, and therefore every where in cor-
refpondent Points, as the Squares of the Arcs
defcribed by the Defcent, in which Ratio alfo the

* 329 Retardations are ; * but, as each of them keep the
fame Proportion incorrefponding Points, the Sums
of them all will be in the fame Proportion; that
is, the whole Retardations, which are the Defeéts
of the Arcs defcribed in the Liquid from the Arcs
to be defcribed #z Vacuo ; or, what is the fame,
the Differences betwen the Arcs defcribed im the

345 Defcent and the next Afcent, Therefore thefe Dif-
ferences, if the Vibrations are uot wery unequal,
are niearly as the Squaves of the drcs deferibed by
the Defcent. Whichis alfo confirmed by Experi-
ments in greater Vibrations ; for in thefe the Pro-
portionof Refiftance, which we treat of here, ob-

* 1., tains, ¥

346  Fillthe wooden Veflel ABFCD (Plare XXII.
Fig. 6.) 3 Foot long, 1 Foot wide, and 1 Foor
high, with Zater ; hang up the Pendulum V p
by a Hook V hanging over the Middle of the
Veflel. This Pendulum is made of an Iron Wire
w or 8 Foot long, and a Leaden Ball p of the
Diameter of an Inch and a Half; when the Pen-
dulum is at reft, the Ball is diftant 3 Inches from
the Bottom of theVeffel. At P there is a great-
er Ball of Lead, of 3 Inches Diameter, joined to
the Iron Wire, that the Ball P may be the lefs
retarded in Water.

A-crofs the Top of the Veflel, upon the Brim
of it, may be moved a Board about 5 Imches
high, to which muft be applied the divided Brafs
Rulers EG, EG, and the Indices M, M, for

2 meafuring
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meafuring the Angles defcribed by the Pendulum
in the Defcent, or Afcent, by the Method given
Numb. 170. Page 7o.

Experiment.] Let the Rulers EG, EG, be fo
difpofed, that the Ends G, G, may be over-
againft the Pendulum whenit is at reft, and infuch
Manner that between their Ends there may be a
Diftance equal to the Diameter of the Wire to
which the Bodies Pp are fixed. Let one Index
be applied to the 16th Divifion of the Ruler, and
another to the 14th Divifion of the other Ruler ;
let the Pendulum fall from that Divifion, and
it will rife almoft to this. If, inflead of thefe
Divifions, you take 20 and 16 %, the Expe-
riment will fucceed in the fame Manner, as
alfo when you apply the Indices to the Divi-
fions 24 and 19 ;. Take care that the Water be
perfectly at reft.

In this Experiment the Arcs defcribed in the
Defcent are to one another as 4, 5, and 6, whofe
Squares are 26, 35, 26 ; the Difference of thofe
Arcs from the Arcs defcribed in the Afcent, are
2, 32, 4+; whichNumbers are to one another
as the aforefaid Squares, as appears by multiply-
ing them by 8.

A Body freely defeendingin a Liquid is accelerat-34%
ed by the refpeétive Gravity of the Body which
continually ats upon it; yer wot equally, asina
Vacuum, * the Refiftance of the Liquid occafions * 129
a Retardation, that is, a Diminution of Accele-
ration, which Diminution increafes with the Ve-
locity of the Body. For there isacertainVelocity 348
which is the greateft that @ Bodycan acquire by fal-
Zing ; for if its Velocity be fuch, that the Refiflance
arifing from it becomes equal totbere[peltive Weight
of the Body, its Motion can be no longer accele-
rated ; for the Motion which is continually ge-

nerated
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nerated by 'the refpective Gravity, will be de-
ftroyed by the Refiftance, and the Body forced
to go on equably :' 7he Body coutinnally comes
stearer and nearer te this greateft Celerity, but can
never attain to @,
" When the Denfities of a Liquid and a Body
are given, you have the refpective Weight of the
Body ; and by the knowing the Diameter of the
Body, you may' find out from what Height a
Body falling ## Vatuo, can acquire fuch a Velo-
city, that the Refiftance in a Liquid fhall be e-
¥ 356Qual to that refpective Weight, * which will be
that greateft Velocity above-mentioned.

If the Body be a Sphere, it is known that a
Sphere is equal to a Cylinder of the-fame Diame-
ter, whofe Height is two third Parts of that Di-

3goameter ; which Height is to be increafed in the
Ratio in which the refpeétive Weight of the Bo-
dy exceeds the Weight of the Liquid, in order
to have the Height of the Cylinder of the Liquid,
whofe Weight is equal to the refpective Weight of
the Body ; but, if you double this Height, youwiit
bave a Height, from which a Body, falling in Va-
cuo, acquires [deh a Velocity as generates 4 Re-

* 336 fiffance equal tothis ve[peltive Weight, * andwhich
therefore is thegreateft Velocity which g Body can
* 348 goquire, falling in a Liquidfrom an infinite Height *
349 T ead is cleven timesheavierthan #Zater, where-
fore its refpective Weight is to the Weight of
Water as 10 to I ; therefore a leaden Ball, as it
appears from what has been faid, cannot acquire
a preater Velocity, falling in W atery than it would
acquire in falling 7z Pacuo, from an Height of

13 £ of its Diameters.

351 A Body lighier than a Ligquid, and aftending init
by the Aétion of the Liquidy ismoved exaitly by the
fame Laws as a beavier Body falling inthe Liquid.
Where-ever you place the Body, ivis fuftaiped by

the
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the Liquid, and carried up with a Force equal to
the Difference of the Weight of the Quantity of
the Liquid, of the fame Bulk as the Body, from
the Weight of the Body, as appears by compa-
ring Numb. 293 with Numb. 292 ; therefore you
have the Force that continuaily acts equably up-
on the Body, by which, not only the Aétion of
the Gravity of the Body is deftroyed, fo that it
is not to be confidered in this Cafe, but by which
alfo the Body is carried upwards by a Motion
equably accelerated, in the fame Manner a5 2 Bo-
dy, heavier than a Liguid, defcends by its re-
fpective Gravity; but the Equability of the Ac-
celeration is deftroyed in the fame Manner by the
Refiftance, in the Afcent of a Body lighter than
the Liquid, as it is deftroyed in the Defcent of a
Body heavier than the Liquid.

I hen & Body, [pecifically beavier than a Lignid,
is thrown up in it, it is retarded upon a double
Account, on account of the Gravity of the Bo-
dy, and on account of the Refiftance of the Li-
quid ; therefore a Body rifes o & lefs Height than
it would rife in Vacuo with the [ame Celerity.
But the Defelts of the Height in a Liquid, from
the Heights to which a Body would vife in Vacuo
with the [ame Celerities, have greater Proportion
to esch other than the Heights themfelves; and,
in Jefs Heights, the Defeéts are nearly as the
Squares of the Heights in Vacuo.

P ART

352

353




174 Mathematical Elements Book IL

R e S e S o IS A )
ParTIL Of the Motion of Fluids.

CHAP VI

Of the Celerity of a Fluid arifing from the
Preflure of the fuperincumbent Fluid.

AN inferior Fluid is prefled by a fuperior,

* 3754 A and that equally every Way; * becaufe

Action is equal to Re-action, it endeavours to

recede every Way with equal Force ; therefore if

you take off the Preffure on one Side, the Liquid will

854 move towards that Side ; and which Way [oever the

Preffure be taken away, it will move with the fame

Celerity ; which will be confirm’d by the Experi-
ments to be mention’d in the following Chapter.

At the fame Depth the Celerity is alfo every
where the fame,. by reafon of the Equality of the

* 273 Preflure, *but when the Depth is changed, the
272Celerity is alfo changed.

Yet the Velocity does not follow the fame Pro-
portion as the Depth; tho’ the Preffure, from
which the Velocity arifes, does increafe in the

* 273fame Ratio as the Depth. * The Quantity of Mo-
tion, which is produced in the Liquid, is the Ef-
fect of the whole Preflure; and this Quantity

soincreafes as the Preflure ; * but the Ratio of the
uantity of Motion is compounded of the Ratio
of the Velocity and the Quantity of the Matter

* ¢4moved. * Here the Matter moved is the Water,

which goes out of the Hole, whofe Quantity,
the Time remaining the fame, increafes with the

Celerity ;

-
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Celerity ; it will be double, if the Celerity be
doubled, in which Cafe the Quantity of Motion3ss
is quadruple ; that is, increaled as zbe Square of
the Celerity, which obtains in any Celerity : There~
fore that Square increafes as the Preffure ; that is,

is the Height of the Liquid above the Hole from
which the Water (pouts,

Plate XX1V. Fig. 1.] Fill with Water the Pa-356
rallelopiped A B, which is 15 Inches long, and
as wide, and 2 Foot high; it muft-be {o placed
that its Bottom may be raifed about 8 Inches above
the horizontal Bottom of a hollow Trough C D,
whofe Length is almoft 4 Foot, and Breadth a
Foot and a half, and Depth 5 or 6 Inches.

At E, necar the Bottom of the Veffel A B, there
is fix’d a Brafs Tube horizontally, above half
an Inch in Bore; the fore Part of it is fhut by
a Plate, in the Middle of which there is a Hole,
whofe Diameter is equal to f: Inch: that Hole is
fhut with a Cover that fcrews on upon the fore
Part of the Tube.

The Celerities with which the Water flows
out from E, when you have open’d the Hole,
are compared together by Help of this Machine.
Let it move, for Example, in the Line E L, and
at L let it come to the Bottom of the Veflel CD ;
this Motion may be refolved into two Motions;
the one horizontal along E I, in the Direction
that the /#ater has in going out of the Hole, and
the other vertical along I L; the firflt is equa-
ble, and the #ater, with the Celerity with which
it goes out, runs thro’ the Space E 1, in the
fame Time that in falling it runs thro’ 1L ; %™ 209
whatever the Celerity be, I L is not changed,
becaufe E 1 and the Bottom of the Veflel are
borizontal, therefore the 'Time is not changed,
in which feveral fuch Lines as E I may be run

thro’
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thro’, and therefore they are as the Celerities with

176 Mathematical Elements

* 53 which the Water goes out: * if you meafure the

Diftance to which the Water {pouts, you will have
the Line E 1.

Experiment 1.] Let there be Water in the Veif-
{el A B, up to the Height of five Inches above
the Hole at E; let the Diftance be meafured
to which the Water fpouts; if more Water be
poured in, to the Height of twenty Inches, it will
fpout to a double Diftance. The Squares of the
Diftances are here as the Height of the Water,
in which Ratio alfo are the Squares of the Cele-
rities,

357  The Velocity of a Liquid, at any Depth, isthe fame

as that whick a Body, falling from a Height equal to
the Depth, would acquire ; for the Velocity of a Li-
quid increafes, when the Depth of the Hole below
the Surface of the Liquid increafes, in the fame
Ratio as the Celerity of the falling Body in-
creafes, when the Space gone thro’ by the Fall in-
355creafes® ; and in the Beginning thefe Velocities
;f;are equal ; for in a Liquid the upper Parts, as
well as in a Body at the Beginning of the Fall,
endeavour to defcend by Gravity only.

Experiment 2. Plate XXI1V. Fig. 1.] This is
performed with the fame Machine as was ufed in
the former Experiment ; the Veflel A B is filled
with Water, and a Tube with a Hole, like the
Tube E, is placed at F; fo that the Height of
the upper Surface of the Water, above the
Bottom of the Veffel C D, is divided by that
Hole into two equal Parts; the Water from that
Hole will {fpout to M, fo that the horizontal
Diftance from the Point M to the Hole will be
double the Height of the Hole, above the Bottom
of the Veflel C D ; therefore the Water, by an
equable
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equable Motion, and with the Celerity with
which it goes out, runs thro’ double the Space
of that Height, in the Time in which a Body can
fall from F to the Bottom of the Veflel C D, and
therefore it moves with the Celerity which a Body
can acquire in falling from that Height * ; but this ~ 4
Height is equal to the Height of the Surface of
the Water above the Hole.

C.H AP “VHE
Of (pouting Liquids.

Liquidy [pouting verticaily out of a Hpley a-358

rifes up with that Celerity, with which it

wonld come up to the upper Surface of the Liquid,
yet it mever comes upto that Height ¥ ; and that for * 357
feveral Caufes. 1. The Celerity, by which theLi-" 37
quid afcends, is diminifhed every Moment, and
the Column of the fpouting Liquid confifts of
Parts, which are moved to different Heights by
different Celerities ; all the Parts of a Column,
which is every where of the fame Thicknefs, are
neceffarily moved by the fame Celerity 5 the faid
Column ‘every where will be broader every Mo-
ment, as the Celerity of the Liquid is diminithed ;
which arifes from the Impulfe of the Liquid fol-
lowing, and which from the Nature of a Liquid
yields to every Impreflion, and is eafily moved
every Way ; by that Imprefiion the Motion is
retarded every where. 2. This Motion is alfo
diminifhed by the Liquid, becaufe, when it hath
loft all its Motion, it hangs in the upper Part of
the Column, and is {uftained for a Momentby the
Liquid that follows, before it flows off on the
Sides, which retards the Liquid that follows it,
and that Retardation is communicated to the
whole Column, 3. By the Fri¢tion againft the
N Sides
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Sides of the Hole, the Celerity of the Liquid is
diminifhed ; which Fritionis increafed, whenthe
Liquid is brought through Pipes and Cocks.
4 Laftly, the Air’s Refiftance ftops the Motion
of Liquids.

The firft Caufe above-mentioned of the Re-
tardation cannot be corrected.

The fecond is corrected by fomewhat inclining
the Direction of the Liquid, as is felf-evident ;

359 and this is the Reafon why @ Liquid rifes bigher,

if its Direltion be alitile inclined, than if it (pouts
wvertically.

Experiment 1. Plate XX1IV. Fig. 1. ] To the

* 156 Machine above-defcribed, * by help of a Screw

at N, join the Curve Tube N O, from which
the Water, thro” a fmall Hole, {pouts up verti-
cally by turning the Tube a little, which is
eafily done by reafon of the Screw at N, the
Direction of the fpouting Water will be inclined,
and it will afcend higher. But by this Inclination
the Beauty of a Jet is deftroyed. T

As to the third Caufe of the Retardation, “tis
to be obferved, that there is a greater Friction, in
Proportion, in {mall Holes, than in great ones;
the Celerity being increafed, the Friction alfo

360 1s thereby increafed ; and therefore the Holes are

to be increafed according to the Heights of the [poui-
ing Water.

The Ends of the Pipes, from which the Water
fpouts, have commonly the Figure of a trunca-
ted Cone, as is reprefented at P, ((Plate XXIV.
Fig. 3:) in which End the Water fuffers a great
deal of Priéion, and is moved irregularly, and
fpouts up with that Irregularity. ‘Thismay be a-

361 mended by covering the End of the Tubewith aflaty

(inoothyand polifbedPlate,finedtoit, which bas a Hole

init ; for thenthe Water [pouts higher,and becaui"tz
. i
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it rifes with a Motion intirely regular, it s per-~ -
Jeitly tran[parent.

Experiment 2. Plate XXIV. Fig. 3.] Take the
Tube above-mentioned P, as alfo the Cylinder
Q, fhut up at one End with a bored Plate ; let
thofe be {crewed on, one after another, to the End
O of the Tube N O (Fig. 1.) the Water remain~
ing at the fame Height in the Veflel A B, let
it fpout from the Tube P, and the Cylinder Q,
and the Experiments will fully confirm what we
have faid.

The Pipes which briug the Water from a Refer-362
woir, wauft be very wide, in Proportion to the (pous~
ing Hole, that the Water may move flowly in thefe
Pipes, and have no fenfible Frition.

For the fame Reafon the Water-way, or Paf- 363
fage, of the Cocks muft be very large.

Experiment 3. Plate XXIV. Fig. 1.] To the
Veflel A B, at the fame Height as the Tube F,
fix the Cock H, the Pipe of the Cock muft be
fhut up in the fame Manner as the Tube F, and
bored with a Hole of the fame Size ; the Water-
way of this Cock is a Quarter of an Inch. The
Water which goes thro’ this Cock is brought
thro’ a narrower Space than that which moves
thro’ the Tube F ; therefore this laft is more
tranfparent, and {pouts to a_greater Diftance.

The Refiftance of the Air bas a fenfible Effectupon 364
the Mation of Liquids ; (for itfelf may be reckoned
amongft Liquids, as will be faid in the Second
Part;) therefore we may here apply what has
been faid of the Afcent of any Body in a Liquid;
and in [mall Heights, the Defetts of the Heights
Srom the Heightsin Vacuo are ifi the Ratio of the
Squares of thofe Heights * ; that is, abftract-* 35;
ing from the other Caufes of Retardation, they

N 2 are
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are in the Ratio of the Square of the Height of the
Liquid above the Hole. Befides this Refiftance
there is alfo another, not to be over-looked, which
is the Action of the Air againft the {pouting Li-
quid. It enclofes the whole Column of the {pout-
ing Liquid, and refifts that Part of its Motion,
whereby it fpreads itfelf fide-wife, as it becomes
wider, and thereis required a greater Force of the
Liquid that comes after, than if this Refiftance
was taken away ; therefore the Air refifts by its
lateral Preflure. 'The Refiftance from the Stroke
of the Liquid againft the Air encreafes with the
impingent Surface, that is, if the Celerities remain
the fame, encreafes with the Hole ; in which Ra-
tio alfo, the Quantity of the Matter moved en-
creafes, andupon this Account it is no matter of
what Bigne{s the Hole is.

The lateral Preflure follows the Proportion of
the Surface of the Column ; the Matter moved,
which (the Celerity being the fame) is in the fame

7 62 Ratio as the Quantity of Motion, * follows the

Proportion of the whole Column, that is, of the
Square of its Surface; and therefore, if the Hole
be encreafed, the Quantity of Motion encreafes
fafter than the Caufe retarding it; and for that

365 Reafon iz the greatreft Heights of (pouting Liguids,

that the lateral Preffure (which exerts a greater
Action when it acts the longer) may be the bet-
ter overcome, greater Holes are requirved ; which
we have alfo fhewed before to be required in the

™ 360 fame Cafe fromanother Caufe : * where,as well as

here, we {fuppofed the greater Holesonly neceflary
for the greateft Heights, though the Demonftrati-
ons prove that thefe Holes, which are very necef-
fary in the greateft Heights, are in general to be
preferred to others.

Great Holes alfo hinder the Motion; for

then there is a greater Surface which is prefled
2 upon
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upon by the higheft Part of the Liquid, which
has loft all its Motion, and hangs on a longer
Time, before it runs off down the Sides. From
thefe two contrary Effects joined together, iz 2/l 366
Heightsthere is a certain Meafure of the Hole, thro’
which the Liquid will rife to the greateft Height
poffible.  Yet one cannot give Rules to determine
the Diameter of the Hole, becaufe the Bignefs of
the Pipes of Conduct and their Inflexions require
it different, fo that there may be a Variation to
Infinity.

In refpect to the greateft Heights, it is to be 367
obferved, that tbe Bigne(s of the Hole, and alfothe
Height to which the Liguid can afcend, have their
Limits, which they cannot exceed. Not only the
Liquid -which is directly againft the Hole runs
out, but, that there may be a conftant Supply,
the neighboiring Liquid continually comes to-
wards the Hole with an oblique Motion, and
in going out it {pouts with a compound Motion,
and the Motion of the Liquid, {pouting vertically,
is difturbed ; the greater the Hole is, the greater
is the Difturbance arifing from that Caufe, and
in {pouting Waters the Holes fhould never exceed
an Inch and a Quarter. When the Celerity of
the Liquid is too great, it firikes againft the
Air with fo much Force, that it is difperfed into
Drops ; in which Cafe, by diminifhing the Cele-
rity, the Height to which the Liquor {pouts
will be increafed, and there is a Height which is
the greateft to which a Liquor can a%cend, which
Height in {pouting Water {carce exceeds 100 Feet.

Liquids, which [pout obliquely, are not retarded 368
from fo many Caufes, nor fo muchyastbofe that (pont
vertically. The {econd Caufe of Retardation,above-
mentioned, * has no Place here, and the Effe@t of * 358
the firft is lefs. As for the reft, one may apply
here what has been faid of Solids oblique pro-

N 3 jected
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369 jected in Chap. XXIV. Book 1. from Numb. 212.

3’70

quite to the End of the Chapter. And 2 Liguid
may be confidered as an innuymerable Quantity of
Solids, following one another, and running the fame
Way. In the Motion of the Liquid, the Way
gone thro’ may be perceived by our Senfes, and
what has been faid of Seolids, obliquely projeéted,
may be reduced to Experiments by the Help of
Liquids ; for doing which we muft make ufe of
Quickfilver, becaufe of the great Specifick Gra-
vity of this Liquid in refped of others: Baut
thefe Experiments are to be made by a particular
Machine contrived as follows,

Plgte XX11II. Fig. 1.] The wooden Trough A,
B, C, D, E, F, H, is four Foot and an half
broad, eight or ten Inches long, and fix or {feven
Inches high ; the Bottom is made of a Board
hollowed in half an Inch, to contain the Mer-
cury the better.

In the End H, of the Side B, F, H, you have
a Board H I fix Inches wide, and two Foot
high, which has in it a Slit 0 2. By this means
youmay §ix to any Height upon the Board the
wooden Parallelopiped s, which has a Screw fixed
in/its hinder Part.

The fecond Figurereprefents this Parallelopiped
at S: There is faftened to it a cylindric Veffel
of Box Wood, which has a Groove round it to
receive two Brafs Plates, one of which may be
feen at fe ; their Ends are joined together by
the Screw G, {o asto make the Box Veflel im-
moveable, till it is loofened by unfcrewing g,
which will allow it to move about its Axis, "
~In the Bottom of this Veflel there is a cylin-
dric Cavity 2 4, a Quarter of an Inch Diameter ;
this communicates with a like Cavity & ¢, which
terminates in the Middle of the greater Cavity ¢ d,
' whole
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whofe Diameter is above half an Inch, that it
may receive the truncated Cone of Box H, which
is joined to the Cylinder I L, Fig. 3.

“The truncated Cone H exaétly fills the Cavi-
ty ¢ d, and is held faft in it by help of the Screw
R, that goes thro’ the Brafs Plate Q O, but fo
that this truncated Cone may turn upon its
Axis.

In this Cone, as well as in the Cylinder 1 L,
there is a Cavity 57/, of the fame Diameter as
the Cavity & ¢, and anfweting to it. This Cylin-
der I L has a Glafs Tube N cemented toit.

The Tube isa Foot and a half long, one End
of which is feen at N M (Fig. 5.) which is ce-
mented alfo to the Box Cylinder L I, which is
hollowed at / 7 b, with around Hole in the Form
of 2 Gnomon, or the Carpenter’s Square; at b ¢
the Cavity is greater, toreceive the truncated Cone
C D, that exaétly fills it, and is moveable about
its Axis by the Help of the Handle E A.

The Cavity » i anfwers to the Cavity 4 ¢,
which communicates with f g; this Part of the
Box has driven upon it an Iron Ferril B Q, in
which is drilled avery fmall Hole g, which, when
the Parts of the Machine are joined together,
communicates with the Cavity of the Box P
(Fig.2.)

To prevent the Tube from breaking the Ends
L. L of the Box Cylinders(Fig. 3. and 5.) together
with the Tube, are joined clofe to a ftreight and
{tiff Piece of Wood m » (Fig. 1.) whofe lower End
s has an Iron Plate fixed to it (as may be feenin
Fig. 6.) whofe End L P BQ s bent inthe Figure
of a double Gnomon; when the End L (Fig. 5.)
of the Box Cylinder is applied to the End of the
Piece M N 1of Fig, 5. it fits to I of Fig. 6. and
the Screw Q. applied to o, prefies the Cylinder

N BD
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B D of Fig.5. and joins it firmly to the Cylinder
L1

All the Parts of the Machine may be feen join-
ed together at Fig. 1. Quickfilver being poured
into the Veflel p, fpouts out of the Hole g, Fig. 5.
When the Mercury is at the fame Height in
the Box, and you do niot vary the Inclination of
the Piece # m, the Mercury {pouts with the {fame
Celerity in any Direction ; but the Inclination
of the Direction may be varied by maving the
Handle e 2 (E A, in Fig. 5.) the Angle that the
Direction, in which the Mercury goes out of the
Hole, makes with the Horizon, may be meafured
by Help of the Quadrant ¢, along with the Index
f % is moveable, which by its Weight is always
kept in a vertical Pofition. 'This Quadrant may
be feen in Fig. 7. with its Index FH : It has two
Rings behind, to receive the Handle E A, Fig.5.
When thisHandle isvertical,theTndex hangsagainit
the 45th Degree, and the Direcion of the Motion
of the Mercury, which {pouts out then, makes a
half Right Angle with the Horizon,

In Fig. 1. the Jets of Mercury in their feveral
Directions are reprefented : They become the
more vifible by help of a wooden Plane G paint-
ed black, along which the Mercury in its Motion
does almoft flide : Upon this Plane muft be drawn
the Ways which a Bedy (according to what is faid
in Numnb. 212) runs thro’, when it moves with
the fame Celerity according to Direftions which
make different Angles with the Horizon. Alfo
the Semicircle A L of Plate XV. Fig. 5. muft be
drawn upon this Plane, tho’ it eould not be re-
prefented in this Figure.

There are feveral other fuch Planes, in which
the fame Things are drawn, but {o as to repre-
fent the Ways of Projectiles, €. according ta
different Celerities. '

' This
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This Plane ftands upright near the Middle of
the Trough, and bears againft the Side E F H,
{o as to move backwards and forwards according
to the Length of the Trough.

The Celerity of the {fpouting Mercury is varied,
as you change the Inclination of the Piece # i3
and, by lowering the Veflel p, the Hole through
which the Mercury {pouts, is {et to the Direction
of the Lines drawn on the Plane.

The Mercury will ftop its {fpouting, when the
Cavity @ b (Fig. 2.) is ftopped with the Pin D E
of Fig, 4.

Experiment 4. Plate XXI1II. Fig, 1.] The Parts 371
of this Machine being joined and fixed together,
as in the Mannerabove defcribed, incline the Piece
# i, till the Height to which the Mercury is to
fpout, when it afcends to a Diretion almoft ver-
tical, is nearly equal to the Diameter of the Se-
micircle defcribed on the Plane G.  Let the Vef-
fel P be fixed at fuch a Height, and the Plane G
be fo placed, that the Axis of the Circumvolution
of the Cylinder B D (Fig. 5.) fhall anfwer to the
loweft Point of the Semicircle above-mentioned.
Which Way foever the Inclination of the Directi-
on of the Jet (that is, of the Projetion) be, its
Amplirude will always be the Quadruple of the
Line B M in the Semicircle A B L. (Plate XV.
Fig. 5.) There is indeed a {mall Difference, which
chiefly arifes from the Refiftance of the Air, and
muft be obferved in the following Experiments.

Experiment 5. The Machine being difpofed as 342
in theforegoing Experiment, if the Mercury {pouts
in two Direétions, and the Inclination of one
of them exceeds a half Right-Angle as much as
the other is under it, the Mercury will cut the
Horizontal Line which is drawn from the lower
Point
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. Point of the Semicircle on the Plane G, juft in
| the fame Place in both Cafes.

373 Experiment 6.] Every thing being difpofed as
before, if the Way for any Direétion of Motion
be drawn on the Plane, and the Index fgagrees
with that Divifion of the Quadrant which de-
notes that Inclination, the Mercury in its Motion
will follow the Line drawn to reprefent its
Way. If you draw the Ways for feveral An-
gles, by the Motion of the Handle 4 ¢, you wiil
bring the Mercury to {pout in Jets that go along
thefe very Lines.

374 - Experiment 7.7 Let there be another Plane as
G, in which all the Lines above-mentioned are
drawn from another Celerity of the Mercurial Jet,
and the Experiments will fucceed in the fame
Manner.

By the fame Method, aswe do by a Semicir-
cle determine the Diftance to which Bodies ob-
liquely projected will fall, one may find the Di-
{lance to which the Liquor coming out of the
Side of a Veflel {fpouts, when the Veflel is fet
upon a Horizontal Plane ; which Diftance is dif-
ferent according to the different Height of the
Hole, the upper Surface of the Liqud remain-
ing the fame.

375  Plate XX1V. Fig. 4.] Let A B be the Height of
a Veffe! filled with a Liguid ; {uppofe this Height
cut into two equal Parts at C ; with the Center
€ and Diftance’ E A defcribe a Semicircle; Jet
theve be g Hole at' E ; laftly, draw E D perpendi-
cular to A By and terminated in the Circumference
of the Semicivcleat D, Let the Liguid fpout frove
E to F iy the Horiwantal Planey and the Diffance
B I will be doubie the Perpendicuiar ED:

Which
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Which will be demonitrated, if we confider,
that the Liquid, with an equable Motion with
the Celerity that it has coming out of ths Hole,
would (in the ‘Time that a Body can fall from E
to B) run thro’ the Space B F *. .

in all Motion, the Time remaining the {ame,
the Space gone thro’ is as the Celerity #; the ™ 53
Celerity remaining the fame, it is as the Time :
Therefore if you change the Time and the Ce-
lerity, the Space gone thro’ will be in a Ratio
compounded of the Celerity and the Time; and
multiplying the Time by it, you will have the
Space gone thro’ ; that is, if you apply this Ope-
ration to different Motions, you will have fuch
Quantities as will exprefs the Proportion of the
Spaces gone thro’. If you compute the Squares
of -the Celerities and the Time, you will have
the Proportion of the Squares of the Spaces gone
thro’. A E here exprefles the Square of the Ce-
lerity ; * E B the Square of the Time; * there-* 155
fore the Produét of thofe Lines exprefifes the™ 131
Square of the Space gone thro’ EF. But that
Product is the Square of the Line E D, which
therefore, changing the Hole, increafes and di-
minithes in the {fame Ratio as the Diftance B F.
Suppofe the Hole in the Center C ; B G, the
Diftance to which the Liquor {pouts, is equal to
B A, ¥ and it is double the Perpendicu'ar, which * 357
from C may be drawn to A B in the Semicirgle; 13+
which therefore obtains in all Heles; aund E D
will be the Half of B F.

Hence it follows, that @ Liquid, (pouting from 376
a Hole in the Center C, will go to the greatef} Di-
Sfrance poffible.

209

Experiment 8. Plate XX1V. Fiz. .| Here we
muit make ufe of the Maclnne, defcribed in the
foregoing Chapter ®. Let the Water {fpout frolm * g6

I -‘\___ tie
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the Hole F, as in Experiment 2. Chap. VII. Let it
{pout at the fame Time from E, and alfo from G,
where there is 2 Tube like thofe which are made
faft at F and E ; the Hole G is lefs than F, but
the Hole E is farther diftant from the Surface of
the Water, the Water comes from neither of them
to the Diftance to which it comes, when {pout-
ing from F.

Plate XXXI1V. Fig. 4.] From what has been
faid, it follows, That the W ater [pouts to the (ame
Diftance from the Holes E ¢ equally diftant from the
Center C, becaufe in that Cafe the Perpendiculars
E D and E 4 are equal.

gy Experiment 9. Plate XX1V. Fig.1.] From F
let there be drawn a horizontal Line which goes
thro’ H; if H G and H E are equal, the Water
will go from each Hole G and E to L.

CiH A-P. 01N
Of a Liquid flowing out of Veffels, and the
Irregularities in that Motion.

378 T H E Quantity of a Liquid, which 77  given
Time flows from a given Hole, increafes in
Proportion to the Velocity of the Liquid going
out ; this depends upon the Height of the Liquid
above the Hole, and it is no matter to what
¥ 354 Part the Motion of the Liquorisdirected ; * there-
fore the Squares of the Quantities flowing out are
in the Ratio of the Heights of the Liquid above

* 395 #be Holes*,

In the Time in which a2 Body falling freely
goes through the Height of the Liquid above
the Hole, a Column of the Liquid flows out

.., equal in Length to twice that Height; * the
# i34 Hole itfelf is the Bale of the Column, and is
given;
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given ; if the Height of the Liquid above the
Hole is known, the whole Column is known ;

the Time alfo is eafily determined by Experi-
ments of Pendulums; * but having found what * 155
Quantity flows out in a known Time, one may
know what Quantity will flow out in a given
Time.

Here you muft obferve, that the Refiftance of
the Air, and the FriGtion of the Liquid againft
the Sides of the Hole, hinders the Motion of the
Liquid, and that the Rule above-mentioned does
not exaétly obtain, and that there always flow
out a lefs Quantity than what there is deter-
mined by it. Yet making Experiments with Wa-
ter, it is plain, that the Quantities, which flow
fromthe fame Hole in equal Times, fenfibly keep
the Proportion of the Squares of the Heights of
the Water above the Hole, in Heights not ex-
ceeding fifty Foot.

In Vefels which are not fupplied by the flow-
ing in of the Liquid, the Celerity of the Liquid
flowing out is continually changed; to which !
Regard muft be had, when you compare toge-
ther the Times in which different Veflels are
emptied.

Here we confider cylindric Veffels ; and what
is here faid may be applied to any Veffels that are
of the fame Bignefs from Top to Bottom; we
fuppofe the Liquid to flow out from a Holeinthe
Bottom.

The Times in which cylindric Veffels of the [ame 379
Diawmeter and Height ave emptied, the Liquidflow-
ing from unequal Holes, are to each other inver/ly
as thofe Holes.

If we fappofe that thefe Veflels are divided
into very {mall cqual Parts, by Planes parallel to
their Bafe ; and that the Divifions of each Veflel
do not differ from one another, when we confider

the
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the {malleft Parts, onc may conceive that the
Celerity is not changed in the Evacuation of one
Part. 'The Quantity of a Liquid which flows
from a Hole, if the Celerity is not changed, in-
creafes with the Hole and with the Time ; that
15, in a Ratio compounded of the Time and of
the Hole. The correlpondent Parts in the Vel
fels are emptied with equal Celerities, and the
aforefaid’ compounded Ratio obtains here : The
fame Parts alo, that is, the Quantities of the
Liquid which flow out, are equal; wherefore
the Difference of the Times is recompenfed by
the Difference of the Holes; that is, the Times
are in the fame, but inverfe Ratio, as the Holes.
Now as this happens in all the correfpondent
Parts, it muft alfo be referred to the Times of
the whole Evacuations of the Veflels.

Whenthe Ve(fels are cylindric, unequal yandequal-
Yy bigh,they are emptied thro’ equal Holes, in Times
that are toone anotber as the Bafes of the Cylinders.

Let the Veflels again be fuppofed to be divided
into very {mall Parts, and equal in Number in
each Veflel ; the Liquid of the correfpondent
Parts flows thro’ equal Holes, and with equal
Celerity : Thercfore the Quantities that flow out
are as the Times; and confequently the corre-
{pondent Parts themfelves are in that Ratio of
the Times, which are as the Bafes of the Cylin-
ders : But the Times of the whole Evacuations
are as the 'Times in which the correfpondent Parts
are evacuated.

Lattly, Let there be two cylindric Ve[fels, whofe
Bafes are equal, but their Heights, for Example, as
170 4, andlet theinbe evacuated thro” egnal Holes.

Let thefe alfo be conceived to beidivided into
very fmall Parts, by Planes parallel to the Bafe ;
and let the Number in thofe Parts be equal in
each Veflel; thofe Parts will be to one another

a8
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as the Veffels, that is, as 1 to4. “We can confider
every Part as evacuated by an equable Motion,
becaufe the Parts are very {mall ; the Celerities
in the correfpondent Parts are every where, as I
to 2, *becaufe the Heights of thofe Parts above* 355
the Bafes are as the Heights of the Veflcls, which
are as the Squares of thofe Numbers. Whence
it follows, that the Times, in which correfpon-
dent Parts arc evacuated, are to one another,
as I to 2; becaufe in twice the Time with a
double Celerity, a quadruple Quantity is evacu-
ated. But as the Times are in the fame Ratio
for each correfpondent Part, the Times in which
the whole Veflels are evacuated are alfo, as 1 to
2. If the Veffels are; as 1 to 9, the Times will
be, by a like Demonftration, as 1 to 3 ; and
generally the Times are as the Celerities in which
correfpondent Parts are evacuatad, the Squares
of whofe Celerities are as the Heights of the Ve[~
Jfeis, * in which Ratio alfo are zhe Squares of the™ 3ss
Tinmes.

Experiment 1. Plate XXIV. Fig. 2.7] Let there
be three thin cylindric Veffels of Metal A, C, B,
having equal Diameters, and whofe Heights are,
as 1, 3, and 4 ; let each of them have a Lip in the
Top to let the Water run out when it comes to
a certain Height, which Lip muft be reckoned
the Top of the Veffel; in the Bottoms of the
Veffels A and B, which are as 1 and 4, let there
be equal Holes, and let them be filled with Wa-
ter ; ler the Holes be opened in the fame Mo-
ment ; if the Water running out of B be received
in the Veflel C, it will be filled in the fame Time
that A is evacuated. C containsthree Quarters of
the Veflel B; the Quarter which is left will alfo
be evacuated in the fame Time as the Veffel A,

which
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which is evident to Senfe ; therefore A 1s emptied
twice, whilft B is emptied once.

382 TheTimes in which any cylindric Veffels are eva-

*380 cuated, are in a Ratio componnded of the Bafes, *

*379 of the inverfe Ratio of the Holes, * andof the [quare

381 Roots of the Heights.®

383 Tbe cylindric Veffel may be [o divided, that the
Parts intercepted between the Divifions (ball be
emptied in equal Times, which will bappen, if the
Diftances of the Divifions from the Bafe be as the
Squares of the natural Numbers ; for the Times of
the Evacuations of the Veffels, whofe Heights are

*381in that Proportion, areas the natural Numbers,*
and the Differences of the Times are equal.

The Time in which a cylindric Veflelis emptis

ed, is as the Celerity with which the Liquid be-

*381 gins to run out ; * therefore the Celerity, while

355 the Liquid defcends in the Veflel, is diminifhed
in the ?ame Ratio as the Time of the Evacuation
of the Liquid remaining in the Veflel, and ke

384 Motion of & Liquid running out of acylindric Veffel,
is equally retarded in'equal Times.

385 If thro’ equal Holes a Liquid ruus out of a Cylinder,
and out of another Veffel of the [ame Height (and in
which the Liquid is always fupplied [0 asto be kept at
the [ame Height ) i the Time in which the Cylinder
is emptied,there runs out twice as much Water from
theother Ve[fel as from the Cylinder. For,becaufeof
the equal Height of the Veffels, the Celerities in the
Beginning are equal ; the Celerity of the Liquid,
which comes out of the Veflel that is always
kept full, is equable ; the Celerity of the Liquid,
which runs out of the Cylinder, is equably retard=

*38s2ed. * Therefore, whilft the Cylinder is emptying,
there will flow twice as much Water out of this
Veflel as out of the Cylinder : For if two Bodies
are driven with the fame Celerity, and the firfk

goes
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goes with an equable Motion, and the {econd with

a Motion equally retarded, and they move till
they have loft all that Motion, the firft in that
Time will run double the Space of the fecond;

* here the Liquor that runs out may be looked , 131
upon as the Space gone through, becaufe thee i;
Holes are equal.

 Befides the Irregularities from Frittion, andtbe 386
Refifance of the diry there are feveral others ari-
fing from the Cobefion of Parts, even in Liquors

that are not glutinous. 1 fhall here only fpeak of
Water. We obferve in Relation to it, that tho’

it be driven by the fame Force in any Direction,

* the Height of the Water above the Hole re-* 354
maining the {ame, yert it will defcend the more
fwiftly in a vertical Dire@ion ; the Water in fal-
ling, is continually accelerated in its Motion, it
coheres with the following, and accelerates that,

and increafes the Velocity of the Water flowing

out of the Vefiel. :

Plate XXIV. Fig. 2.] For this Reafon the Mo-387
tion out of @ Velfol, that bas a Tube fixed toits under
Side, is alfo accelerated. Let E be fuch a Veffel
equal and fimilar to the Veflel A, and which,
together with the Tube, makes up the Height
of the Veffel B; let the Tube have the Holes at
both Ends, equal to the Holes at the Bottoms of
the Veffels A and B, fill the Water in_the Vef-
fels A, E, and B. In the Beginning of the Mo-
tion, the Water flows from the Veflel E and B
with equal Celerity, becaufe the Heights of the
Water above the Holes, from which the Warer
goes out, are equal ; but the Celerity, in the Vel-
fel E, is immediately diminifhed, bt_ecaufe there
cannot run a greater Quantity of Water out of
the Tube than what comes in at the upper Hole
of the Tube, into which Hole no more Water

can
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can run in, than what can flow out at the Veffel
A. Since the Parts of the Watercohere, the Wa-
ter, which runsout, accelerates that which runs
into the Tube, and this laft retards that which
runs out ; and {o the Quantity of Water, which
in a certain ‘Time runs out of the Veflel E, is a
mean Quantity between the Quantities of Water
that can run out at the fame Time from the Vef-
fels A and B.

Experiment 2. The Veffels A E and B being
made of fome thin Metal, in the Proportions a-
bove-ntentioned, fill with Water A and E ; having
opened the Holes at the fame Inftant of Time,
the Water of the Surface at E will defcend fafter
than that at A: On the contrary, if you make
ufe of the Veffels E and B, it will defcend fafter
in the laft than in the firf.

Let the npper Hole of the Tube, by which it con-
municates with the Veffel, remain as before ; and
the lower Hole be opened wider ; them a greater
Quantity of Water will flow out, and the Water
which goes into the Tube will be more accele-
rated ; this Hole may be made {ufficiently wider
withoutaltering the Length of the Tube, infomuch
that a greater Quantity of Water fhall flow out from
it than from the Veflel B. In that Cafethro’the
upper Hole of the Tube, at a fmall Depth below
the Surface of the Water, there flows out a great-
er Quantity of Water, than from an equal Hole
four Times the Depth. 'The fame may be done
by applying a longer Tube, without widening its
lower Hole.

Experiment 3. Plate XX1IV. Fig. 2.] Take the
Veffel F no Way different from the Veflel E, but
in having the lower Hole of its Tube bigger ;
take alfo the above-mentioned Veflel B. The
Diameters
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Diameters of the Hole in the Bottom - of this,
and of the upper Hole of the Tube which is
joined to F are of four Lines (. of an Inch)
the lower Hole of this Tube is of five Lines.
Let the Veflels be filled with Water ; and let
the Water begin to run out of both at the fame
Moment ; the Surface of the Water in F will de-
fcend fafter than that of B. The Veflel B is a-
bout 16 Inches high.

CHAP X
Of the Running of Rivers.

DeriNniTtion L

T HE Water that runs by its own Gravity, in 389
a Channel open above, as A B, is calied a Ri-

ver (Plate XXV. Fig. 1.)

DerinivionN 1L

A River is faid to remain in the fame State, 390
or to be in a permanent State, when it flows uni-
foramly, (o as to be always at the [ame Height ju the
[ame Place.

DerixiTzon IIL

A Plape, which cutting a Riverisperpendicular 391
to the Bottom, as p o# g, is called the Seétion of a
River.

When a River is terminated by flat Sides pa-
rallel to each other, and perpendicular to the Ho«
rizon, and the Bottom alfo is a Plane either hori-
zontal or inclined, the Seétion of the River with
thefe three Planes makes Right Angles, and is a
Parallelogram.

In every Riverthat is in a permanent State,the 392
[ame Quantity of Water flows in the [ame Time thro’
every Seition. For unlels there be in every Place

Oz as
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as great a Supply of Water, as what runs from it,
the River will not remain in the fame State,
And this Demonftration will not hold good, what-
ever be the Irregularity of the Bed or Channel,
from which, in another Refpect, feveral Changes
in the Motion of the River arife; as, for Example,
a greater Friction in Proportion to the greater
Inequality of the Channel.

The Irregularities in the Motion of a River
may be infinitely varied, and Rules cannot be
given to fettle them : Therefore fetting afide all
Irregularities, we muft examine the Courfe of
Rivers ; for, unlefs the Laws of Motion be known
in that Cafe, we have no certain Foundation for
determining any Thing.

Therefore, we fuppofe the Water to run in a
regular Channel, without any fenfible Friction,
and that the Channel is terminated with plane
Sides, that are parallel to one another and verti-
cal ; and alfo that the Bottom is a Flane, and
inclined to the Horizon.

Let A E be the Channel, into whichthe Water
runs froma greater Receptacle or Head 3 and let
the Water always remain in the fame Height at
the Head, {fothat the River may be in a permanent
State. The ‘Water defcends along an inclined
Plane, and is accelerated ; * whereby, becaufe
the fame Quantity of Water flows through every

aos Se&tion, * The Height of the Watery as you re-

393 cede from the Head of the River, is continually

diminifbed, and the Surface of the Water will
acquire the Figure 7 ¢ 5.

"T'o determine the Velacity of the Water in
different Places, let us fuppofe the Holiow of
the Channel A D CBto be fhut up with a Plane;
if there be a Hole made in the Plane, the Wa-
ter will fpout the fafter through the Hole, as the
Hole is more diftant from the Surface of the
Water
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Water #7; and the Water will have the fame
Celerity that a Body, falling from the Surface of
the Water to the Depth of the Hole below it,
would aquire; * which arifes from the Preflure* :57
of the {uperincumbent Water. There isthe fame
Preflure, that is, the fame moving Force, when
the Obftacle at A C is taken away; then every
Particle of Water enters into the Channel, with
the Celerity that a Body would acquire in falling
from the Surface of the Water to the Depth of
that Particle. ‘This Particle is moved along in
an inclined FPlane in the Channel, with an acce-
lerated Motion; and that in the fame Manner,
as if, in falling vertically, it had continued its Mo-
tion to the fame Depth below the Sutface of the
Water in the Head of the River.* So, if you * 150
draw the horizontal Line 77, the Particle ar r
will have the fame Celerity as a Body falling the
Length 7 C, and running down C#; can ac-
quire ; which is the Celerity acquired by the
Body in falling down # », Therefore the Celes
rity of a Particle may be every where meafured,
drawing from it a Perpendicular to the horizon-
tal Plane, which is conceived to run along the
Surface of the Water in the Head of the River ;
and the Velocity, which a Body acquires in fals
ling down that Perpendicular, will be the Cele-
rity of the Particle ; which is greater, the longer
the Perpendicular is. From any Point, asr, draw
rs perpendicular to the Bottom of the River,
which will meafure the Height or Depth of the
River. Since rsis inclined to the Horizon, if
from the feveral Points of that Line you draw
Perpendiculars to 7 #, they will be the fhorter,
the more diftant they are from r, and the fhort-
eft of them all will be fw: Therefore the Cele-
rities of the Particles in the Line 7 5 are {o much
the lefs, the nearer they are tothe Surface of the
03 River,
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394 River, and the lower Water ismoved fafier thantbe

upper Water.

305  But yet the Celerities of thofe Waters, as the Ri-

wer runs on, continually approach nearer and near-
er to an Equakity. For the Squares of thofe Ce-
leritigs are as 7 £ to s v, the Difference of which
Lines, as you recede from the Head of the River,

* 393is continually leflened, becaufe of the Height r 5,*

which is alfo continually diminifhed as the Lines
themfelves are lengthened. Now as this obtains
in the Squares, it will much more obtain in the
Celerities themfelves, whofe Difference therefore
is diminithed as they increafe.

396 If the Inclination of the Bottom be changed at

the Head of the River, {0 as to becomey %, aid
a greater Quantity of Warer flows into the Channel,
it will be higher every where in the River, but the
Celerity of the Water is no where changed. For this
Celerity does not depend upon the Height of the
Water in the River, but, as has been demonftrated,
from the Diftance of the moved Particle from the
horizontal Plane of the Surface at the Head con-
tinued over the faid Particle ; which Diftance is
meafared by the Perpendicnlar 7 # or s @ ; but thefe
Lines are not changed by the Afflux of Water,
provided that the Water rémains at the fame
Height in the Bafon or Head.

397 Let the upper Part of the Channel be flopped up by

an Obfiacle, asX,whichdefcends alittle Way below
the Surface of the Water ; the whole Water which
comes cannot run through, therefore it muft rife
up : But the Celerity of the Water below this

* 106 Cataract is not increafed; * and the Water that

comes on is continually heaped up, fo that at
laft it muft rife fo as to flow over the Obftacle
ot the Banks of the River. But if the Bauks be
raifed and the Obftacle be continued, the Height of
the Water wonldrife abovethe Line i 15 but, beiore

that,
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that, the Celerity of the Water cannot be in-
creafed : In which Cafe the Height of all the
Water in the Head will be increafed ; for as we
fuppofe the River in.a permanent State, there
muit continually be as great a Supply of Water
to the Head, as there runs from it down the
Channel ; but, if lefs Water runs down, the
Height muft neceflarily be increafed in the Head,
till the Celerity of the Water flowing under the
Obftacle be fo much increaled, that the fame
Quantity of Water fhall run under the Obftacle,
as ufed to run in the open Channel before,

All thefe Things, as we have already faid, if
we abftra&t from all the Irregularities, are true ;
and, the lefs the Irregularities -are, the more will
the true Motions agree with what we have faid :
concerning which, before we can make any Judg-
ment, we muft be able to compare the Veloci-
ties of Water by Experiments, and fo determine
the Velocities themfelves, as to know the Spa-
ces gone through in a certain Time.

Plate XXV. Fig.2.] Let ACB be a Qua-
drant divided into Degrees, * with a Thread in* 398
the Center, ;that has at the other End a Ball P
hanging, which is heavier than the Water.

Let the Ball hang within the running Water,399
whilftiyou hold the Side CA of the Quadrant
in-a vértical Pofition ; the Ball by the Motion
of the Watern will be fo far {uftained, that the
Thread PC will make the Angle PCA, with
the Side C A, which will {erve to determine the
Celerity of the Water running againft the Ball.

The Ball, being at reft in the Water, is drawn
by three Powers ; by its Gravity it endeavours to
defcend vertically ; by the Action of the Liquid
it is carried in the Direction of the Niotion of
the Water ; and laftly, it is drawn by the Thread

O a4 along
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along PC. Draw the Triangle E FG, in which
EF reprefents the vertical Line ; let F G make
with that Line the Angle E F G, equal to the
Angle which the Direction of the Motion of the
River makes with the vertical Line ; laitly, let the
Angle GEF be equal to the Angle PCA. The
Sides of the Triangle E F G are parallel to the Di-
rections of the three Powers above-mentioned 3
therefore the Powers are to one another, as thofe

* 106 Sides *. 1f therefore EF exprefles the refpective

Gravity of the Ball, F G will exprefs the Action of
the Water on the Ball. If you make feveral Expe-
riments in different Places with the {fame Ball, you
muft draw fuch Triangles, the Side F remaining,
( which denotes the refpeCtive Gravity of the
Ball that never changes) the Sidesthatare asF G,
will have the fame Proportion as the Actions
of the Water on the Ball. But thefe are as the
Squares of the Velocities of the Waters in the

* v . - . o
334 Places in which the Experiments are made* ; for

400

there is no Difference in refpec of the Aétion of
the Water on the Ball, whether the Ball be mo-
ved and the Water at reft, or, on the contrary,
the Water be moved and the Ball at reft.

The Acion of the Water againft the Ball may
be compared with the Weight, for it is to the
refpetive Gravity of the Ball, as FGtoEF.

But this Adion is equal to the Refiftance
which a Body fuffers, when it is moved through

niefcent Water with the fame Celerity with
which the flowing Water does now ftrike againft
the Body which is at reft: By knowing the
Weight, which is equal to the Refiftance, we
know what Space could be run through in a gi-
ven Time, with the Celerity with which the

* 336 Body moves; * therefore we fhall alfo here

know what Space the Water can go through in a
known Time, and fo likewife what Quantity of
Water
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Water flows in a given Time through a Place given
in the Setion of the River.

Here it is to be obferved, that the Determina-
tion of the Velocity of the Water will not be
exactly fettled, if the Experiment he made to-
wards the Surface of the Water, becanfe there
the A&ion of the Water upon the Globe is irre-
gular. * * 328

This Celerity may be determined by immer- 401
ging in Water a Body which is but 2 little lighter
than Water, and which, {wimming at the Surface,
does not float fo high above it, asto be affeéted by
the Motion of the Wind ; as the fpecifick Gravi-
ties of the Water and the Body fcarce differ at all,
and this Body may be looked upon as wholly im-
merfed, it will move with the fame Celerity as
the Water ; and you may, by Help of a Pendu-
lum, meafure the Time in which a Body runs
through a certain Space that was meafured before.
When the Surface of the Water is agitated by the
Wind, the Experiment will not fucceed well, be-
caufe of the Motion of the Waves, which caufe
an Irregularity in the Motion of the Body.

CHAP IL
Of the Motion of the Waves.

HE Surface of the ftagnant Water is plain,402

and parallel to the Horizon * ; if it be-*.;,
comes hollow at A (‘Plate XXV. Fig. 3.) upon
any Account whatever, this Cavity is furround-
ed with the Elevation BB ; this raifed Water
defcends by its Gravity, and, with the Celerity
acquired in defcending, it forms a new Cavity,
by which Motions the Water afcends at the Sides
of
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of this Cavity, and fills the Cavity A, whilit
there is a new Elevation towards C ; and, when
this laft is deprefled, the Water rifes anew to-
wards the fame Part ; whence there arifes a Mo-
tion in the Surface of the Water, and a Cavity,
which carries an Elevation before it, is moved
from A towards C.

Derrnirion I
This Cavity, with the Elevation ext to i, is
called a Wave.

DeriniTronN 1L,

404  The Breadth of a Wave s the Space taken up

by & Wave in the Surface of the Water, and mea-
[ured according to the Direftion of the Wave's
Motion.

"The Cavity, as A, is encompafled every Way
with an Elevation, and the Motion above-men~
tioned expands itfelf every Way ; therefore the

4cs Waves are moved civenlariy.

Plate XX V. Fiz. 4] Let AB be'an Obftacle,
againft which the Wave, whofe Beginning is at
C, does run ; we muft examine, what Change
the Wave f{uffers in any Point, as E, when it is
cometo the Obftacle in that Point. In all Places
through which the Wave rans, whilft it goes for-
ward its whole Breadth, the Wave is raifed ; then
a Cavity is formed, which is again filled up,
which Change while the/ Surface of the Water
undergoes, its Particles go and come through a
fmell Space. 'The Direction of this Motion is
along G E, and the Gelerity may be reprefented
by that Line ; let this Motion be conceived. to
be refolved in two other Motions along G E
and D E, whofe Celerities are refpectively te-

* yoxprefented by thofe Lines ¥, By the Motion a=

long




Book II.  of Natural Philofophy. 203

long D E the Particles do not aét againft the Ob-
ftacle, and after the Stroke continue the Motion
in that Dire¢tion, with the fame Celerity ; and
this Motion is here reprefented by E F, {fuppo-
fing E F and ED to be equal to one another, by
the Motion along G E, the Particles ftrike direét-
ly againft the Obftacle, and this Motion is de-
firoyed; * for though thefe Particles are elaftick,™ 63
yet, as in the Motion of the Waves they run
thro’ but in a {fmall Space, going backward and
forward, they are moved fo flowly, that the Fi-
gure of the Particles cannot be changed by the
Blow, and fo they are fubject to the Laws of
Bodies perfectly hard. But there is 2 Refleétion
of the Particles from another Caufe; the Water
which cannot go forward beyond the Obftacle,
and is puthed on by that which follows it, yields
that Way where there is the leaft Refiftance, that
is, afcends: And this Elevation greater than in
other Places is caufed by the Motion along G E,
becaufe “tis by that Motion alone that the Parti-
cles come againft the Obftacle. The Water, by
its Defcent, acquires the fame Velocity with
which it was raifed ; and the Particles of Water
are repelled from the Obftacle with the fame
Force in the Direétion E G, as that with which
they came againit the Obftacle. From this Mo-
tion and the Motion above-mentioned along EF,
arifes a Motion along E H, whofe Celerity is
exprefied by the Line E H, which is equal to
the Line C E ; and by the Reflexion the Celeri-
ty of the Wave is not changed, but it returns a-
long E H in the fame Manner, as ify taking away
the Obftacle, it had moved along EZ, If from
the Point C, C D be drawn perpendicular to the
Obftacle, and then produced, fo that D¢ fhall
be equal to € D, the Line H E continued will
I gO
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go through ¢; and, as this Demonftration holds
good in all the Points of the Obflacle, it follows

406 that the refleited W ave bas the [ame Figure onthat
Side of the Obflacle, asit would bave had beyond
the Line A B, if it bad nct run againf the Obfia-

4o cle. If the Obftacle be inclined to the Horizon,
the Water rifes and defcends upon it, and {uffers
a Friction, whereby tbe Reflexion of the Wave is
diffurbed, and often wholly defiroyed. 'This is the
Reafon why very often the Banks of Rivers do
not refleét the Waves.

408  When there is a Hole, as 1, in an Obffacle, as
B L, the Part of the Wave, which goes through
the Hole, continues its Motion directly, and ex-
pands itfelf towards Q Q, and rkere is a new
Have formed, which moves in a Semicircle, whofe
Center is the Hole, Porthe raifed Part of the Wave,
which firft goes through the Hole, immediately
flows down a lictle at the Sides, and then by de-
{cending, makes a Cavity, which is furrounded
with an Elevation on every Part beyond the Hole,
which moves every Way in the fame Manner, as
was fuid concerning the Generation of the firft

» 402 Wave. ¥

409 In the fame Manner a Wave, to which an Ob-
ftacle, as A O, is oppofed, continues to move
between O N ; but expands itfclf towards R in
a Part of a Circle, whofe Center is not very far
from O.

10 Hence we may eafily deduce what muft be the
Motion of a Wave behind an Obitacle, as M N.

411 Waves are often produced by the Motion of a tre-
munlous Body, which alfo expand themfelves civenlar-
Iy, tho’ the Body goesandcomes ina Right Line;
for the Water, which is raifed by the Agitation,
defcending, forms a Cavity, which is every where
furrounded with a Rifing.

Different
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Different Waves do tiot difiurk one anothery when 412
they move according to different Direflions. 'The
Reafon of which Effet is, that whatever Figure
the Surface of the Water has acquired by the
Motion of the Waves, there may in that be an
Elevation and a Depreflion, asalfo fuch a Motion
as is required in the Motion of a Wave.

Whoever has attentively confidered the Motion
of the Waves, will find that all thefe Things a-
gree with Experiments.

To determine the Celerity of the Waves, ano-413
ther Motion, analogous to their Motion, is to
be examined. Let there be a Liquid in the re-
curve cylindric Tube E H (Plate XXV. Fig. 5.)
and let the Liquid in the Leg E F be higher
than in the other Leg by the Diftance / E ; which
Difference is to be divided into equal Parts at
i. 'The Liquid by its Gravity defcendsinthe Leg
E F, whilft it’afcends equally in the Leg EH ;
and fo, when the Surface of the Liquid is come to
i, it is at the fame Height in both Legs, and that
is the only Pofition in which the Liquid can be at
reft : But, by the Celerity acquired by defcending,
it continues its Motion, and afcends higher in the
Tube G H, and in E F it is deprefled quite to
/, except fo much as it is hindered by the Fri-
€tion againft the Sidesof the Tube. The Lquid
in the Tube G H, which is higher, alfo defcends
by its Gravity; and fo the Liquid in the Tube
rifes and falls, till it has loft all its Motion by the
Frition.

The Quantity of the Matter to be moved is
the whole Liquid in the Tube; the moving Force
is the Weight of the Pillar/ E, whofe Height is al-
ways double the Diftance E7 ; which Diftance
therefore increafes and diminifhes in the fame
Ratio with the moving Force. But the Diftance
E i is the Space to be run through by the Liqu}ild,

thac




206 Mathematical Elements Bookll,

that from the Pofition E H it may come to the
Pofition of Reft ; which Space therefore is always
as the Force which continually acts upon the
Liquid : But we have demonftrated that it is up-
on this Account, that all the Vibrations of a
Pendulum, ofcillating into a Cycloid, are perform-

* 156ed in the fame Time; and * therefore here alfo,

whatever be the Inequality of the Agitations, the
Liguid always goes, or cones, in the fame Time.

414 The Time in which a Liquid, thus agitated, a-

[feends, or defeends, is the Time inwhich a Pendn-
Jum vibrates, whofe Length, that is, the Diftance
between the Center of Ofcillation and Sufpenfion,
is equal to Half the Length of the Liquid in the
Tube, or to Half the Sum of the Lines EF, FG,
GH. This Length is to be meafured inthe Axis
of the Tube.

Plate XXV. Fig. 6.) Let fuch a Pendulum
vibrate in a Cycloid, in the Manner explained
above (Page 62 and 63.) Let the Pendulum BC
and the Arc A D be of the fame Length; for
the Arc C A is equal to the Arc A D, and
the Thread, by which the Pendulum is {uf-
pended, applies to it, when the Body f{ufpend-
ed is at A; in that Point the Direction of the
Curve is perpendicular to the Horizon, and the
Body endeavours to defcend with all its Weight
along the Curve : But this Weight is to the Force
aling upon the Body, when it is at P, as A D,

+ y6or PC to PD. * Now let the Liquid be in

fuch a Pofition, that i E (Fig. 5.) be equal to
P, D; the Weight of the whole Matter to
be moved, that is, of the whole Liquid, is
to the Weight /7 E (which is the Force aéting
upon the Liquid in that Pofition ) as the
Length of the Liquid in the Tube to the Line
] B, in which Ratio alfo the Halves of thofe
Quantities
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Quantities are, thatis, P C to P D (Fig. 6.)
Therefore in the Pendulum the Weight of the
Matter to be moved is to the Force acting upon
ity at P, as inthe Tube, the Weight of the Mat-
ter to be moved is to the Force adting upon it
in the Pofition E H. 'Therefore the pendulous
Body and the Liquid, in this Cafe, are acted up-
on by equal Forces, and this always obrains
where the Spaces to be run through by the Li-
quid in Agitation, and by a Body in Vibration,
are equal; therefore in this Cafe the Agitation
and the Vibration are performed in the fame

Time, and not only in this Cafe, but always. * ™

But, as the {mcll Vibrations in a Circle do not
differ from the Vibrations in a Cycloid, the De-
montftration will agree with them.

Experiment.] Take a cylindric recurve Tabe
as EF G H ; let the Length of the Legs bé one
Foot, and the Bore of the Cylinder half anInch ;
pour Mercury into this Tube, and having made
a Pendulum, whofe Length is equal to Half the
Length of the Cylinder of Mercury in the Tube ;
if the Mercury be agitated in the Tube, it will
afcend and defcend in the fame Time as the Pen-
dulum will go and come,

Piate XXV. Fig. 7.] Todetermine the Celerity
of the Waves from what has been faid, we muit
confider feveral equal Waves that follow one ano-
ther immediately, as A, B,C, D, E, F, which
move from A towards F, the Wave A runs its
Breadth, when the Cavity A is come to C; which
cannot be, unlefs the Water at C afcends to the
Height of the Top of the Waves, and again de-
fcends to the Depth C ; in which Moment the
Water is not agitated fenfibly below the Line
b i ; therefore this Motion agrees with the Mo-

tion

207
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tion in the Tube above-mentioned, and the Wa-

ter afcends and defcends ; that is, the Wave goes

through its Breadth, whilft a Pendulum of the

Length of half B G performs two Ofcillations,
= 414% or whilft a Pendulum of the Length BC D,

that is four times as long as the firft, performs
= yssone Vibration *,

Therefore the Celerity of a Wave depends up-
on the Length of a Line B, C, D, whichisgreat~
er, according as the Breadth of the Wavesis
greater, and as the Water defcends deeper in the
Motion of the Waves.

415 In the broadeft Waves, which do not rife high,
fuch a Line as B C D does not much differ from
the Breadth of the Wave; and in that Cafe a W ave
vuns through its Breadth, whilft & Pendului, equal
to that Breadth, ofciliatesonce. In every equable
Motion, the Space gone through increafes with
the Time and the Celerity ; wherefore multiply-
ing the Time by the Celerity, you have the Space

one thro’ ; whence it follows, that the Celerities

4160f the Waves are as the Square Roots of their
Breadths » For as the Times in which they go
* 158 through their Breadths are in that Ratio, * the
415 fame Ratio is required in theit Celerities, that
the Produéts of the Times by their Celerities
may be as the Breadth of the Waves, which are

the Spaces gone through.

All thefe Things muft be only looked upon as
nearly true, becaufe the Motion of the Waves
differs fomething from the Motion in the Tube ;
which Error is in part taken off, becaufe the
Length of the Pendulum is meafured along the

inclined Lines B C and CD.
Par 1
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Part IIl. Of the Air, as an
Elaftic Fluid.

CHAP XIL
That Air has the Properties of Fluids.

\ E have often fpoken of the Air; and as
_YY we live in, and are always encompafled by
it; we muft have Regard to its Effeé in feveral
Experiments, as we have faid in other Parts of
this- Treatife : But now we fhall confider its
Properties fingly.

The dir is corporeal, heavy, its Parts yield to
any Force imprefled, and are very eafily moved
one among{t another ; it prefles in Proportion to
its Height, and the Preflure every Way is equal ;
It is plain therefore, that it oxght 7o be reckoned a-
mongft Finids.

DeriNtiTIiON I

Alithe dir which the Earthis encompaffed with,
corifidered togethber, is calledthe Atmofphere of the
Earth, or fimply, the Atmofphere.

DeriniTtion I,

The Heizht of the dir above the Surface of the
Earthy is calleg the Height of the Atmofphere.
_That the dir is a Body, appears from its exclu-
fi“’_.g all gther Bodies from the Place where it
15, *

r That

417

418

419
420

14
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421

LX)
4.....

That it yields to any Impreffion, and bas its
Parts eafily inoved, is not doubted by any one.

That it is beavy, is proved by its preffing up-
on the Surface of other Fluids, and {uftaining
them in Tubes.

Experiment 1.'Plate XXVI. Fig. 1.] Take a
Glafs Tube A B, about three Foot long, of about
+ InchBore ; if you ftop up the End A, and let
the Tube be filled with Mercury, and let the
other End be immerfed in a Veflel full of Mer-
cury, the Mercury will be fuftained atthe Height
of about 29 Inches. Thisis occafioned by the
Preflure of the Air on the Surface of the Mercu-
ry in the Veffel, which cannot prefs equally in
every Part of it, unlefs in the Tube where no Air
is, there be a Column of Mercury, which prefles

* 4., equally with outward Air*.

Experiment 2. Plate XXVI. Fig. 1.] That
this Preflure may riot be changed when the Tube
is inclined, it is required that the Mercury {hould

* 377 keep the fame perpendicular Height * : 1f there-

"

423

fore there be two Veflels containing Merecury, in
which Tubes in the Manner above-mentioned are
immerfed, of which E D is inclined to the
Horizon, the Mercury is fuftained at the Heights
b fand ig,fothat f and gare inthe {ame Horizontal
Lines ; {uppofing the Surfaces of the Mereury in
the Veflels to lie in“the fame Plane,

Experiment 3. Plate XXVI, Fig. 2.] The fame
Preflure of Air fuftains the"Water of the Glafs Uy
swhich is yet immerged in Water and filled with it,
and then is pulled out all but the Orifice, which
ftill remains immerfed.

Water would be {uftained in the fame Mannef,

“tho' the Height fhould be 32 Foot ; for Quick-
filver
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filver 14 times heavier than Water, and a Pillar
of Water a little more than 32 Foor high prefles
equally with a Column of Mercury 29 Inches
high, which Preffure is equal to the Preffure of
the Atmofphere. ¢

That the Preffure of the Air depends uporr ts 424
Heighty may be eafily deduced from what hasbeen
faid ; but it is immediately proved by carrying
the Tube with the Mercury above-mentioned to
a higher Place ; for, when you carry Fhis Machine
up a Hill, for 100 Foot that you rife perpendi-
cularly, the Mercury defcends a Quarter of an
Inch.

That dir preffes equally every way, appears from 428
this, that the Preflure is fuftained by fofr Bodies
without any Change of Figure, and brittle Bo-
dies without their breaking, though this Preffure
be equal to the Preflure of a Pillar of Mercury
29 Inches high, or a Height of Water of 32
Foot *; any Body may fee that nothing can pre- * 43
ferve thefe Bodies unchanged, but the equal Pref-
fure on all Parts; but it is plain that the Air does
prefs in that Manner. * If you take away the Air 4
on one Side, the Preflure is fenfible on the oppo-
fite Side.

201

Exper. 4. Plate XXVI. Fig. 3.] Hang a Glafs
Tube to one of the Scales of 4 Balance A B,
which is fhut at D, and 3 Foot long ; fill this
Tube with Mercury, and let the End E e jme
merfed in the Mercury that is contained in the
Veflel U. The Mercory by the Air’s Preflure
is fuftained ar the Height f in the Tube, and the
upper. Part of the 1ube £ D isleft void of Air ¥
to make an  Equilibrivm, you muft put into the
oppofite Scale 2 Weight equal to the We;’ght of
the Tube and the Mercury contained in it.” 4'he
Mercury in the "Tube cannot prefs the Balance ;

5 for
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for its Adtion againft the Sides of the Tube is
horizontal ; but the Air acts upon the upper
Part of the Tube, and the Column that is fu-
ftained by the Tube is =quiponderate with
the Column of Mercury that is contained in the
Tube : If letting the Mercury run out, you f{uf-
fer the Air to come in, then nothing but the
Tube weighs down the Scale ; which proves,
that the Adtion againft the inferior Surface of
the upper Part of the Tube deftroys the Aétion
on the exterior Surface, and that the Air pref-
fes upwards and downwards with the fame
Force,

By this Experiment alfo is confirmed what has
been faid of the Air’s Gravity.

CH A P. XIlI
Of the Adir's Elaflicity, or Spring.

“’ 7 E have fhewn, the Air has the Proper-

ties of other Liquids ; but befides, it
has another Property, which is, that it can take
up a greater or lefler Space, according as it is
comprefled with a different Force; and, as foon
as that Force is diminithed, it expands itfelf.

426 By reafon of the Analogy of this Effect withthe

Elafticity of Bodies, this Property of the Air is
called its Elafticity.
That the Air may be conpre(Jed, appears from an

* , Experiment already mentioned. *
428 That iz may be dilated, may appear from the

following

Experiment 1, Plate XX V1. Fig. 4.] Take the
Tube A B clofe at the End A, and pour Mer-
cury into it, {o that there may be fome Air left
in the Tube, which, when in the State of the ex;
terna
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ternal Air, will take up the Space A /; if the End
B of the Tube be immerfed into Mercury in a
Vefiel, the Mercury in the Tube will defcend to
g> and there remain. The Height g differs very
much from the Height of the Mercury in the
firft Experiment of the foregoing Chapter, which
does not arife from the Weight of the Air in the
Tube; for its Weight is too little to produce
any fenfible Difference in the Height of the
Mercury : The Expanfion of the Air caufes this
Effeét.

From this Experiment we deduce this Rule, 429
That the Air dilates itfelf in fuch a Manuer, that
the Space taken up by it is always inver[ely as the
Force by which it is compreffed.

The Force, by which the common or external
Air is comprefled, is the Weight of the whole
Atmofphere, which is equal to a Pillar of Mer-
cury of the Height 5 f, Fig. 1. therefore the com=
preffing Force may be exprefled by that Height ;
the Space taken up by the Air in the Tube,
when it is comprefled with fuch a Force, is
Al

But in the laft Experiment, the Preflure of the
Atmofphere exerts two Effeéts; it fuftains the
Pillar of the Mercury 7 g, and it reduces the Air
in the Tube to the Space g A ; if the Force, by
which the Mercury is fuftained at the Height g 7,
be fubftracted from the Preflure of the whole At-
mofphere ; that is, if the Height g7 be taken
from the Height 4 f, (Fig. 1.) there remains the
Force by which the Air is comprefled in the up-
per Part of the Tube; but this Difference of the
Heights of the Mercury 4 f, and g 7, is always to
bfyas Alto A g, thatis, their Forces are inverfe-
ly as the Spaces.

This Rule alfo obtains in comprefled Air,

P 3 Expes
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430

Experiment 2. Plate XXVI, Fig. 5] Takea
curve Tube ABCD, open at'A, and fhat at D ;
let the Part BC be filled with Mercury, fo that
the Pirt €D may contain Air of the fame State
or Tenor as the external Air; therefore, the
comprefling Force is the Column of Mercury,
whofe Height is b f, Fig. 1. and by this Height
muft this Force be expreffed, as in the fore-
going Experiment ; but the Space taken wup
by the Air is CD. Pour Mercury into the Tube
AB, that ir may rife up to g, the Air will
be reduced to the Space ¢ D: Now the com-
prefling Force aéts as firongly as a Column of
Mercury of the Height fg, and alfo the Pref-
fure of the:external Air upon the Surface g of
the Mercury ; this Force is exprefled by the Sum
of the Heights fz in this Figure, and 2f; in Fie. 1.
This Sum  is always to &f (Fig. 1.) as CD
to.¢D; and again the Forces are inverfely as
the Spaces,

The Elafiicity of the Air is as its Denfity ; for
this laft is inverfely as the Space taken up by the

* 489 Air * ; ‘therefore, as the Perce comprefled the
429 Air *; which is equal to that by which the Air

endeavours to expand icfelf ; but this Porce is its
Elafticity.

Hence it follows, that the Air in which we
live is reduced to the Denfity which it has near
the Earth, by the Preflure of the fuperincumbent
Air, and thdt it is more or lefs comprefled, ac-
cording 'to the greater or lefs Weight of the At-
mofphere ; ‘for which Reafon alfo the Air is lefs
denfe at the Top of a Mountain than a Valley,
as being comprefled by a lefs Weight.

How far this Property of expanding itfelf is
extended, we do not certainly know ; and it is
very probable that it can be determined by no
Ex-
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Experiments. Neverthelefs; if you compare the
following Experiments with the Experiment of
the Air compreffed in a Pump*, it will appear ™14
that the Air may take up twenty thoufand Times
more Space in one Cafe than in the other.

Experiment 3. Plate XXVI. Fig. 6.] Let the
Glafs A B, about fourteen Inches high, be exaétly
filled with Water ; it has 'a brafs Cap fixed
to it at the End B, by which it is to be {crewed
to the Pump that is reprefented in Plate XX1X.
Fig. 6. by drawing out the Pifton of the Pump,
the Water defcends into it by its Gravity ; and
the Place in the upper Part of the Veffel is void
both of Air and Water. 'The Air bubbles in the
Water, which are now comprefled, becaufe the
Air does not aé upon the Surface of the Water,
expand themfelves, and rife up to the Surface of
the Water ; in that Motion the Bubbles are ac-
celerated, fo as not to be feen diftinctly near the
Surface, upon Account of their very fwift Mo~
tion ; they alfo grow bigger as they afcend, and
if yon compare the Diameter of a Bubble at B
with its Diameter, when it is come almoft up to
the Surface of the Water, but fo far from it as
to be feen diftinély, its Diameter is at leaft four
"Times as great as before.

The upper Part of the Glafs, as was faid be-
fore, is entirely void of Air; for the fmall Quan-
tity of Air, which is continually going out of
the Water, is not to be taken notice of here ;
therefore the Air-bubbles near B, which is about
a2 Foot below the Surface of the Water, are com-
prefied only by the fuperincumbent Water ; which
Preflure is to the Preffure of the Atmofphere
nearly as one to thirty-two ; # in which Ratio * 423
alfo is the Space taken up by the Air, when it is
comprefled by the whole Atmofphere, to the

¥4 Space
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Space taken up in the Bubbles above-mention-

" . - . -
- 429 ed; * their Diameter in their Afcent, as has been
-

-
ol
s

o

¥4

432

{aid before, becomes quadruple ; that is, the
Bubble becames 64 times bigger than it was;
and fo the Space takenup by the Air, in this laft
Cafe, is to the Space taken up by the Air, when
comprefled by the Atmofphere, as 64 times 32
( that is 2048 ) to 1. The Air comprefifed by
the Atmofphere is reduced to a Space 10 times
lefs in a Forcing Pump ; and {o the Denfity of
the Air above-mentioned is to the Denfity of this
Air, as 1 to 20480. Extralting the Cube Roots
of thefe Numbers, we fhall find that the Diftan-
ces between the Center of the Particles, in thefe
two Cafes, are, as 1 to 27,

Hence we conclude, that the Particles of Air
are not of the fame Nature with other elaftic
Bodies, for the fingle Particles cannot expand
themfelves every way into 27 times the Space,
and {o be increafed zooo times, preferving their
Surface free from every Inequality or Angle; for
in every Expanfion or Compreflion, the Parts are
eafily moved one amongft another ; but, as the
Air may be dilated much more than in this Ex-
periment, it follows, that the dir confifts of Parti-
cles which do uot touch one another, and that repel
each other. We have fhewn, that in {everal Cafes
there are Particles endowed with fuch a Proper-
ty; * and it is plain enough, that it obtains here ;
but we are entirely ignorant of the Caufe of this
Force, and it muit be locked upon as a Law of
Nature, as is plain from what has been faid be-
tween Numb, 4 and Numb. §.

The Forcey by which the Particles of the Air fiy
from eachother, increafesinthe (aime R atio asthe Di
fauce in which the Centers of the Particles are di-
minifbed ; that is, that Force is inverfely as this Di-
ftance, To demonfirate which, let us confider twol
' » ' : P equa



Book 1.  of Natural Philsfophy. 219

equal Cubes A and B (Pl/ate XXVI. Fig. 7.) con-
taining unequal Quantities of Air; let the Di-
ftances between the Center of the Particles be as
2 to 1, the Numbers of the Particles will be in
the {ame, but inverfe Ratio, in the Linesde¢ and
b i 5 the Numbers of the Particles aéting upon the
Surfaces 4 g and # 72 are, as 1t0 4, namely, asthe
Squares of the Numbers of the Particles in equal
Lines, and as the Cubes of thofe Numbers, that
is, as 1 to 8, fo are the Quantities of Air con-
tained in the Cubes; in which Ratio alfo are
the Forces comprefling the Air in the Cubes. ¥ «
The Forces acting upon the equal Surfaces d g
and 4 m are as the Forces by which the Air is
comprefled ; * they are alfo ina Ratio compound- *:26
ed of the Numbers of the Particles ating, and
the Ation of the fingle Particles ; therefore, this
compound Ratio is the Ratio of 1 to 8; The
firlt of the compounding Ratio’s, as has been
faid, is that of 1 to 4; wherefore, neceffarily the
fecond is that of 1 to 2, which is the inverfe Ratio
of the Diftances of the Particles. And this De-
monftration is general; for by 1 and 8 we exprefs
any Cubes whatever ; by 1 and 4, the Squares of
the Cube Roots; and laftly, by 1and 2, the Roots
of thofe Cubes. This Demonftration proves that
the Action, which the Particles continually fuffer
from all Sides, is increafed between the Ratio in
which the Diftance of the Centers of the Parti-
cles is diminifhed, whether the Action is to be
referred only to neighbouring Particles, or alfo
to thofe which are more diftant, 1In the firft Cafe
the repellant Force itfelf, which every Particle
15 endowed with, is as the Ation above-mention-
ed, that is, inverfely as the Diftance between the
Centers of the Particles.

In the fecond Cafe, the repellent Force is equal
at all Diftances; for then the Aéion againft

each

429
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each Particle depends upon their Number in the
fame Line, which Number is inverfely as the
Diftance between the Number of the Particles.
Then alfo, fuppofing the Air of the fame Denfi-
ty, the Elafticity will be the greater; where the
Quantity of the Air will be the greater ; but, as
this does not agree with Experiments, therefore,
the firft Caufe muft be true.

The Effects of the Elafticity of the Adir are Iike
thofe of its Gravity, and included Air aéls by its
Eafticity, juft as Air not included does by its
Weight.

"The Air which is loaded by the Weight of the
whole Atmofphere, prefling every Way from the
very Nature of Liquids, and the Force which it
exerts, docs no Way depend upon the Elafticity,
becaufe, whether you f{uppofe Elatticity, or not,
that Force which arifes from the Weight of the
Atmofphere, and is equal to it, can be no Way
changed ; but, as the Air is elaftic, it is reduced
to fuch aSpace by the Weight of the Atmofphere,
that the Elafticity, which re-atts againit the

*126 compreffing Weight, is equal to that Weight *.

But the Elafticity increafes and diminifhes as the

432 Diftance of the Particles diminifhes or increafes ¥,

and it is no Matrer, whether the Air be retained
in a certain Space by the Weight of the Atmo-
{phere, or any other Way: for in cither Cafe
it will endeavour to'expand itfelf with the fame
Force, and prefs every Way, Therefore, if the
Air near the Earth be included in any Veflel,
without altering its Denfity, the Preffure of the
included Air will be equal to the Weight of the
whole Atmofphere,

Experiment 4. Plate XX V11, Fig 3.] Take the
Tube mentioned in the firft Experiment of the

laft Chapter, immerge it in Mercury included liu
the
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the Glafs DC, fo that the Air, preffing upon the
Surface of the Mercury contained in the Veflel U,
may have no Comimunication with the external
Air ; the Mereury in the Tube is foftained at
the fame Height by the Elafticity of the Air, as
it was fuftained in the open Air. '
The Tenor of the Air continuing the fame, 434
what we have faid will always obtain; but this
Tenor or Temper of the Air is not always the
fame ; the repellent Férce of the Particles is cften
gncreafed, or diminifred, thongh the Diftance be-
tween their Centers is not changed : 1 fhall {peak of
this Alteration in the following Book : Zhe Elafti-
city increafes by Heat, and diminifbes by Cold,

C H A P XIV.
Of the Air-Pamp.

HE Elafticity of the Air is the Founda-43§
tion of the Conftitution of a Machine, by
which the Air may be drawn out of any Veflel.
This Machine is called an Air-pump, which is
made {everal Ways : The chief Part in all of them
is a Barrel, or hollow Cylinder of Metal, bored
fmooth, and pelithed in the Infide ; in this Bar-
rel muft move a Pifton, that fills its Bore fo ex-
actly as to let no Air flip by. This Pifton is thruft
down clofe to the Bottom of the Barrel, and then
raifed up in fuch a Manner as to exclude all the
Air from the Cavity of the Cylinder or Barrel; if
this Cavity communicates with any Veflel, by
Mmeans of a Pipe at the Bottom of the Barrel, the
A3r in the Veflel will expand it felf, and Part of it
will enter into the Barrel, fo that the Air in the
Barrel, and in the Veffel, will have the fame Den-
fity. Shut up the Communication between the
eflel and Barrel, and letting the Air out of the
2 Barrel,
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Barrel, apply the Pifton clofe to the Bottom. If
you raife the Pifton a fecond time, and open the
Communication between the Barrel and Veffel
above-mentioned, the Denfity of the Air in the
Veflel will again be diminifhed ; and repeating
the Motion of the Pifton, the Air in the Veffel
will be reduced to the leaft Denfity. Yet all the
Air can never be exhaufted by this Method ; for
at every Stroke the Air does fo expand itfelf, as
to have the fame Denfity in the Barrel as in the
Veffel ; in which laft therefore, there isalways a
little Air left.

436 All Air-Pumps have in common the Parts a-

bove defcribed, but they differ in feveral other
‘Things, Firf?, the Communication between the
Receiver to be exhaufted, and the Cylinder or
Barrel, is opened and fhut different Ways. Se-
condly, there are different Ways of getting the
Air out of the Cylinder or Barrel, when the Pi-
{ton is brought to the Bottom, Zhirdly, the Pi-
{tons differ in different Pumps.  Fourthly, the Po-
fition of the Cylinder is not the fame in all Pumps.
Fifthly, there are different Contrivances for mo-
ving the Pifton.

There are often two Barrels, in one of which
the Pifton is raifed, when it is depreffed in the
other.

Our Pump is here reprefented in Plate XX VII.
Fig, 1. the other Side of it is reprefented in Plate
XXX. Fig. 2. I fhall defer the particular Deferip-
tion of it to another Place, and only here men-
tion fome Things in general. 'This Pump has two
Brafs Barrels C, C, of 2 Inches Diameter, and
about 5 Inches high.

In thefe Barrels the Piftons move, one of
which defcends, while the other rifes, which Mo~
tion is communicated to them by the Wheel Ry
which is moved by the Handle M M, F'i%- 2.

X€
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fixed to the Axis 4. The angular Motion of the
Wheel is the eighth Part of a Circle, by which
in a lefs Wheel there is produced an angular Mo-
tion of 120 Degrees. This leffer Wheel is fixed
to a third Wheel, by means of which the Piftons
are immediately moved ; they make a Stroke of 3
Inches and a half.

The Contrivanceof the Pifton is much the fame
as in the Pumps which they ufe in England ; tho’
we think that we have made ours more perfect,
by fome Alterations in them.

The Glafs is to be exhaufted, or fet upon the
round Plate L L; they communicate with the
Barrels, by means of a Pipe, one End of which
is at D, and which foldered to the lower Side of
the Plate, the Continuation of this Tube is feen
at E E; there are two Cocks in it, E, E, between
the Cocks is fixed the Pipe /, /, which communi-
cates with the Cylinders C, C.

When the Air is exhaufted, one of the Cocks
above-mentioned ferves to fhut the Communica-
tion between the Receiver (fo the Glaffes are
called from which the Air is to be pumped out)
and the Barrels ; the other Cock ferves to let the
Air in again, and to cut off the Communication
with the mercurial Gage.

The mercurial Gage could not be conveniently 438
reprefented in this Figure; it ferves to determine
what Quantity of Air is drawn out of the Re-
ceiver, as alfo what Quantity of Air remains in
it ; it is likewife of ufe for meafuring the folid
Contents of the Receivers, which ought to
be exactly known in feveral Experiments; our
Gage differs from the common Gages in {everal
Refpeéis.

A litle Cylinder, with a Screw upon it, is
often {crewed into the Plate at D, for app]ying
a Globe to be exhaufied to the Pump.

In




Mathematical Elements  Book 1I.

In the Middle of the Plate L L there is a Holes
which is fhat up with a Screw ; but fometimes it
{erves forjoiuing feveral Machines to the Plate.

439 By this Means al{o there is often applied to the

Pump a cylindric Box, full of Leathers foaked in
Wax, thro’ the Center of which a brafs Wire paf-
fes, which may be moved by the Help of a Han-
dle, foastocommunicate Motioninto a Place void
of Air ; the Box has a Cover, which enters into
it with-a Screw, for prefling the Leathers toge-
ther, and to prevent theentring in, or efcaping out

440 of the Air ; fuch a Box, or Collar of Leathers, is

often joined to the Cover which is laid over the
Recipients, asmay be feen in Fig. 2. Plate XX VIIIL.
and in Fig. 2. Plate XXI111.

/ When the Receivers are laid upon the Plate
/L, L, or when the Receivers are floped with Co=
- vers, or when the Screws are joined to the Ma-

chine, and in general, when the Airis to be hin-
dered from running in, we make ufe of Wax,
which is foftned by mixing as much Oil and
Water to it as is found necelfary.

CHAP XV
Several Experiments concerning the Air's
Gravity, and its Spring.
E have fhewn that Air is heavy, % it may

be weighed like other Bodies, and {o its
Denfity may be compared with that of other Bo-

* ass dies.® 1f the WVeflel that contains the Air be

weighed, when it is full of Air, and again, when
the Air isexhaufted, the Difference between their
Weights is the Weight of the Air ;which Method
has this Inconvenience, that fuch a fmall Differ-
ence of Weight cannot eafily bedifcovered, when
a Balance, tho’ ever fo nice, isloaden with a great
Weight ; therefore we muft make ufe of the fol-
lowing Method. Expe-
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Experiment 1. Plate XXVIII. Fig, 2.] Having 442
exhaufted the Air out of the Glafs Ball, whefe
folid Contents are 283 Inches, and having tied
fuch a Weight to it, that it may be almoft equal
in fpecifick Gravity to Water, let it be immerfed
into the Water continued in the Vefiel D E, and
let it be faftned by a Thread to the Hook of
the Scale of the Balance A B, above defcribed ; * * 27¢
raife .the Balance 'till you make an ZEquilibrium
with .2 very {mall Weight ; if by opening the
Cock you let the Air into the Globe; a Weighe I,
of dbout 1co Grains, will be required in the op-
pofite Seale to reftore the quilibrium, {fome-
times more, or fometimes lefs, according to the
different Tenor of the Air, which here near the
Earth is varied according to the different Weight
of the Atmofphere, and according to the Differ-
ence of Heat and Cold.

Bodies immerfed in Liquids are f{uftained by
them, and the more or lefs according tothe
greater or lefs Bulk of the Body, *andthe Weight ™ 209
loft in that Cafe is determined from the known
Denfity. of the Liquid; * by the foregoing Expe- ™ 297
riment, therefore, it may be known, how much
Bodies ,gravitate lefs in Air than in a Va-
cuum.

Hence zlfo may be deduced, that Bodies tbat 443
are in Aquilibrio in the Aivy if their Bulks are
unequaly, will lofe their Fquilibrivm in a Vaou-
wi : Which is confirmed by the following Expe-
riment,

Experiment 2, Plate XXVI11. Fig. 3. ] Im the
Scales of the Balance 4 b, lay a-Piece of Wax, ¢,
and.a Weight of Metal, p, and ' you will have an
ZEquilibrium. +Hang up the Balance in a Glafs
Receiver, and, having exhaufted the Air, the

Wax
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Wax will preponderate, its Bulk being greater
than the Bulk of the Body p, it muft be more
fuftained by the Air ; and, therefore, when you
let the Air into the Receiver again, the Equili-
brium is reftored.

The Elafticity or Spring of the Air, which has
been proved in Chap. X111. becomes more {enfi-
ble by the following Experiment.

444 Experiment 3.] Tie up a Bladder very clofe,

with a fmall Quantity of Air in it ; put a Receiver
over it, and pump out the Air, whereby the
Preflure upon the external Surface of the Blad-
der is diminifhed, and immediately the Air in-
cluded in the Bladder will expand itfelf, and fwell
it out. We have proved, that the Spring of the
Air is equal to the Weight of the whole Atmo-
fphere ; the following Experiment will make it
.vifible.

445  Experiment 4. Plate XXVIIL Fig. 1.] Take a
Bladder tied up very clofe, and not quite full of
Air, and put it ina Brafls Box A, whofe Diameter
is three Inches and an half ; fo that the Cover,
which is of Wood, and does not exactly fit the
Box, may be fuftained by the Bladder; you muift
put the Lead Weights P, P, upon the Cover:
They have a- Hole in the Middle for a wooden
Cylinder E, which is fixed to the Cover, to go
thro’: When you pump out the Air, the Bladder
is {welled, as in the foregoing Experiment, and by
that means the Weights are raifed. You may ufe
feveral Weights according to the Bignefs of your
Glafs Receiver; and tho’ they fhould amount to
60 or 7o Pounds, they would be eafily raifed.
The Gravity of the Air, its Preflure that arifes

from the Gravity, as alfo its Elafticity, produce
very
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very different Effeéts; fome of which I fhall fe-
leét, and confirm by Experiments,

Experiment 5. Plate XXVII. Fig. 3.1 To the446
Hole in the Middle of the under Side of the Air-
Pump L L, fcrew on a fmall hollow brafs Cylin~
der which has a Hole through it, and an open Glafs
Tube A B cemented to it at Bottom, whofe low-
er End B muft be immerged into Mercury. Let
Mercury be {uftained in the Tube eg, that is
clofe at ¢, and void of Air in the Manner be-
fore-faid. * Set the Veflel U with the Tube up- *421
on the Plate L. L, and cover it witha tall Glafs
DC, fo as to cut off all Communication be-
tween the external Air and the Veflel U, as alfo
the Cavity of the Tube A B. The Air in this
Tube does, by its Elafticity, hinder the Mercury
from rifing up in the Tube, by the Preflure of the
external Air. The Air alfo, that is included in
the Receiver D C, does by its Spring {uftain the
Mercury in the Tubege. ® Pump the Air out 437
of D C; as the Denfity diminithes, the Elafticity
does alfo decreafe, * and the Force by which the "43°
Mercury is fuftained in the Tube ge becomes
lefs; therefore, the Mercury defcends. At the
fame time the Preflure of the external Air over-
comes the Refiftance in the Tube A B, and the
Mercury afcends in the Tube. The Diminution
of the Spring in the Tube A B, and in the Vef-
fel BC, is the fame, and the Effe® of the Di-
minution the fame in both Cafes ; therefore, the
Mercury defcendsas much in the Tube ¢ g as it
rifes in the Tube A B, which agrees with the
Experiment. By this Method the Mercury is
raifed up to £, while the Tube g e becomes al-
moft wholly empty ; when you let in the Air
again, the Mercury rifes in the Tube ge, as it
is deprefled in the Tube AB.

Q Experiment
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447 - Experiment 6. Plate XX VIIL. Fig.4.] Takethe
little Pump or Syringe A, and its Pifton being
thruft clofe to the Bottom, let the Tube which
is joined to the Syringe be immerged in Water ;
when you raife up the Pifton, the Water will fol-
fow it, and fill up the Cavity between the Bottom
of the Pump and the Pifton ; which Effect arifes
from the Prefiure of the external Air.

For this Reafon Water does not rife % vacuo.

448  Experiment n. Plate XX VIIL. Fig. 5.] Join the
Glafs Tube bcto the Syringe A, which is ferewed
to the Cover of a Glafs Receiver, {fo that the
End ¢ of the Tube may defcend below the Sur-
face of the Water in the Veflel U ; thruft down
the Pifton to the Bottom of the Syringe, and
let all the Air be pumped out of the Receiver.
if then you pull up the Pifton, the Water will
_not rife.

449  Experiment 8. Plate XXVIIIL. Fig. 6.] The
Force, by which the Air preffes upon Bodies, of-
ten breaks them, when the Preflure is not equal
every Way. Let the Brafs Cylinder A be covered
with a flat Piece of Glafs ; when you pump the
Air out of this Cylinder, the Plate of Glafs will
be broken into a great many little Pieces by the
Preflure of the external Air.

450 Experiment 9. Plate XXIX, Fig. 1.] Take 2
Syringe A of an Inch Diameter ; puth down the
Pifton to the Bottom of it, and fhut up the Hole
at the Bottom of the Syringe, and hang on @
Weight P of 1o Pounds to the lower End of the
Syringe ; if you hold thé Handle B of the Pifton
in your Hand, the Syringe will not defcend ; fof

it cannot defcend, unlefs the Weight hanging ’EE

1
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it overcomes the Preffure of the Air and Friction
of the Pifton; but the Preflure of the Air alone
does here exceed 10 Pounds.

Experiment 10. Plate XXI1X. Fig. 2.7] 'The Sy-451
ringe defcends by the Weight palone in a Va-
caum, which is but juft fufficient to overcome the
Friction of the Pifton,

Experiment 11. Plate XXT1X. Fig.3.] We fee 152
more fenfible Effe¢t of the Preflure of the Air,
when the two Segments of a Sphere, H and 1, are
joined together. Letthe Brim or Edge of each of
them be well polifhed, fo that they may fit toge-
ther, and, when theyare applied clofe, put alittle
Wax between, to exclude the Air. 'There is 2
Cock in the Segment H, by which the two Segt
ments, when joined together, may be applied to
the Air-Pump, and which muft be fhut, when
you have exhaufted the Air. The Segments are
fufpended by the Ring A, and, by the Help of the
Ring Q, you may hang tothem the Weights thae
are laid upon the great wooden Scale ‘T. If the
Diameter of the Segments be three Inches and an
Half, a Weight of about 140 Pounds will be re-
quired to pull them afunder.

Experiment 12, Plate XXX, Fig. 1.] Let the 453
Segments be joined together and exhaufted, as in
the former Experiment; if they be fufpended in
a Vacuum, with a little Weight P hanging on,
which is juft able to overcome the Cohefion of
the Wax, they will be feparated in this Experi-
ment. There muft be faftned to the Plate 1, ILy
the little brafs Box, or Collar of Leathers, * thro®
which a brafs Wire, that has the Weight hanging
toit, flips. Left the Receiver thouldbe broke by
the Fall of the lower Segment, you muft put un-
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der it the hollow wooden Cylinder M, to let it
fall into. In this Figure the Segments are {uf-
pended to the Cover of the Receiver which is to
be exaufled ; they may alfo be fulpended from
a Pillar faftened to the Cylinder M. 'That the
Hemifpheres may not be feparated without Dif-
ficuley, it is not required that they fhould be
empty of Air; as great a Force will be required
to feparate them as in the rrth Experiment ;
when having included them in a Vefiel, and ap-
plied them clofe together (fo as to leave them
full of common Air, and fhut the Cock, that the
Air between them may not be changed ;) the Air
ontheQutfide of them in the Veflel, that contains
them, is reduced to a double Denfity ; which to
confirm by an Experiment, we muft firft defcribe
the Machine with which we make Experiments in
comprefled Air.

454 Plate XXXI. Fig.5.] Around brafs Plate N

is laid upon a Board « a, about 15 Inches long,
and 1o wide ; the Diameter of this Plate is a-
bout § or 6 Inches, as you may fee by its fepa-
rated Figure at N, in Plate XX1X. Fig. 4. and
has fixed to it here a Cylinder P, which is not
perforated, and goesthrough the Board # 2. Up-
on this Plate you muft put a Glafs UU, about 10
Inches high, that is terminated at each End in a
cylindric Form, and the cylindric Parts have
brafs Rings, or Ferrels, upon them.

The Veflel muft have upon it .the Cover D.
The Pillars C 8, CS, are faftened tothe Board 22,
and go thro’ the Wood de, by which the Cover
D is firmly joined to the Glafs, as alfo the Glafs
to the Plate N, by the Force of the Screws ff-
It is very neceffary to prefs all thefe Parts clofe
together, having firft {fpread Wax upon the upper
and lower Edges of the Glafs. £

e
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The Cover is reprefented in the feparated Fi-
gure D, Plate XX1X. Fig. 4. There is fixed to
it the Collar of Leathers ; * and, left the Picce
of Wood de fhould be applied to too {fmall a Sur-
face, the Cover is made in the Shape of 2 round
open Box. :

There isa perforated brafs Wire C, which poes
through the Collar of Leathers, to which a Cock
B is joined.

late XXIX. Fig. 6.] In order to comprefs the 455
Air in this Veflel, fcrewing on the Syringe A
B rto the Cock B laft mentioned, which Syringe has
joined to it another Cock, in the Key of which,
befides the ufual Hole, there is another obligue
Hole which goes to f; and by which when you
fhut the Communication between the Glafs and
the Syringe, the Syringe has a Communication
with the common Air, and is filled with it, when
you raife up the Pifton. When you open the
Communication between the Glafs and the Sy-
ringe, by pufhing down the Pifton, you force the
Air which was contained in the Syringe into the
Glafs ; and, by often repeating this Operation,
you at laft bring it to the Denfity required.

Experiment 13. Plate XXI1X. Fig. 41 Now, to 456
{eparate thefe Segments or Cups in comprefled
Air, the Segment I is joined to the Flate N,
by Means of the Pillar M L, which has Screws
at M and L. The other Segment H, by
Screws at F and E, is joined to the Wire C,
The Segments muit be” applied to each other.
As for the reft, you muft obferve what has been
faid in the Dc{'c}iption of the Machine ; and the
Air muft be compreffed in the Vefiel, {oas to
have twice the Denfity of that which is compre{-
lzd ogly by the Atmofphere. At P the Ring Q

Q3 i3
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is joined to the Plate N, as alfo the Ring A to
the Cock B. Invert the Machine, asin Fig. 5,
and {ufpend it by the Ring Q. The Scale T, on
which the Weights are laid, hangsupon theRing
A; and, until the Weights, laid on, come to
be about 140 Pounds, the Segments will not be
{eparated. 'Three Screws X, X, hinder the Scale
T from defcending too low in feparating the Seg-
ments,

487  Experiment 14. Plate XXX. Fig. 2.] Applythe

Tube A B tothe under Side of the Air-Pump
Plate L L, which Tube has a Cock in its upper
Part, and isjoined to the {mall Tube which ftands
above the Plate. Put on cthe Receiver R, which
covers the prominent Tube. The End B of the
Tube A B muft be immerfed in the Water con-
tained in the Veflel U, and having exhaunfted
the Veffel R, you muft open the Cock ; the Wa-
ter willfpout up into the Receiver with a great
Force, for the fame R eafons asthe Wateris fuftained

* 423 atthe Height of 32 Footina Pipe void of Air. *

458 _ Luaperiment 15. Plate XXX. Fiz.3,] The Air’s

Elafticity produces the fame Effect. Let there
be a brafs Cylinder U exactly fhut. There muft
be a Hole in the Bottom to pour in Water, which
afterwards you fhut up with a Screw. To the
upper Part of the Vefiel there is foldered a Pipe,
which goes down almoft to the Bottom; and to
the other End of it, that ftands above the Vefiel,
a Cock is joined (See Fig. 4.) This Veflel is to
be fcrewed on to the lower Part of L L, the Air-
Pump Plate, and from it a Pipe goes quite thro’
the Plate, and ftands up above it, which is co-
vered by the Receiver R. After you have pump-
ed out ‘the Air, the Veflel U being about two
"Thirds full of Water, when you open the CDCE’
the
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the Water will violently fpout up into the Re-
ceiver, by the Forceof the Spring of the Aircon-
tained in the upper Part of the Vefle] U, Here
the Air prefles upon the Surface of the Water ;
when you open the Cock, the Preflure in the
T'ube becomes lefs, therefore the Water muft go
into the Tube.

Experiment 16. Plate XX X. Fig. 4.1 Eveninthe 459
open Air, the Water will violently fpout out of
the Vefiel U, if, having filled it two Thirds full
of Water, the Air be comprefled in the upper
Part of it; which is done by help of the Syringe
above-mentioned *. * 455

Experiment 17. Plate XXX1. Fig.1.] Invertthe 460
Glafs R, and immerge it in the Water contained
in U, the Air keeps out the Water at whatever
Depth it be immerged ; yet the deeper the Glafsis
put down, the lefs Space the Air is reduced into.

Upon this Principle are made the Machines in
which divers go down into the Sea. They are
made like Bells, and defcend by their own Gra-
vity ; the Water does not rife up to the Diverin
the Bell ; frefh Air is fent down continually by
Eladders tied ro a Rope, whichhe draws down to
him ; the Air, heated by his Refpiration, rifes to
the upper Part of the Bell, and is there driven out
through a Cock, by the Preffure of the Water, that
pufhes up, and comprefies the Air in the lower

art of the Bell; which Preffure overcomes the
Force with which the Water endeavours to de-
fcend thro’ the Cock ; for the Preflure of Liquids
1s increafed in Proportion to their Depths, * =

20e

Experiment 18. Plate XXXI. Fig. 2.]'Takelit- 462
tle Figures of Glafs that are madeé hollow, of an
Inch: and half long, reprefenting Men, which
may be had at the Glafs-Blowers ; thefe little

Q4 Images
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Images have a fmall Hole in one of their Feet,
and are lighter than Water. lmmerge them in-
to the Water contained in the Glafs A B. This
Glafs is about a Foot, or 15 Inches high, and co-
vered with a Bladder, which is tied faft over the
Top. A fmall Quantity of Air js to be left be-
tween the Bladder and Surface of the Water.  If
the Veflel be prefied with the Finger, the Air
above-mentioned is reduced to a lefs Space, and
the Surfice of the Water is more comprefled ;
the Water which is more comprefied, enters in
the little Men through the Hole at their Feet, and
comprefles the Air in their Bodies more than it
was. ‘The little Images, becoming heavier, by
this Means defcend towards the Hottom of the
Veflel, and that fafter or flower, according to the
Bignefs of the Hole, and alfo according as the
fpecifick Gravity of the Images comes nearer o
the {pecifick Gravity of the Water. 'Taking away
your Finger, the Air in the little Men, being
lels comprefied, expands itfelf, and drives out
the Water; fo the Images rife up again to the
Surface of the Water.

Experiment 19. Plate XXXI. Fig. 3.] Animals
cannot live without Air, If any Animal be in-
cluded in the Receiver U, and the Air be drawn
out, the Animal will immediately be in Convul-
fions, and will fall down dead, unlefs the Air be
fuddenly re-admitted. Some Animals will live in
a Vacuum longer than others.

464  Experiment 20, Plate XXXI. Fig. 4.} Some

Fifhes alfo cannot live without Air ; but in others
you fee no {uch Change, but the Swelling of their
Eyes. What Experiments you make upon Fithes,
muft be made in the Glafs Receiver U, which is
fet upon the Plate of the Air-Pump, and to the
Hole,




oA
7 =

Plate F0. %, 23

—|=—
——|=—
I, "NEhy

i wum_lmgung;:







Book 1. of Natural Philofophy. 233

Hole, through which the Air is drawn out, you
muft {crew on a Pipe, which comes up almoft to
the upper Part of the Glafs U; pour in Water,
and then put a Cover over the Glafs Receiver U,
and exhauft the Airout of the upper Part of it.
Having taken away the Preflure of the Air from
the Surface of the Water, the Air in the Fifh’s Eody
expands itfelf, by which Means the Fifh, becom-
ing lighter, cannot defcend in the Water.

Experiment 21. Plate XXXI. Fig. 5.1 Experi- 46§
ments are made upon Animals in comprefied Air,
by Help of the Machine above defcribed.* In 454
that Cafe Animals do not foon die, becaufe the
Veflels in the Body are not broken ; yet if they
continue long in that condenfed Air, it muft be
hurtful to them; nay, and in a greater Compref-
fion of the Air (for which a Veffel of Metal is re-
quired) they will die in a little Time.

Experiment 22.] Several Liquors contain Air, 466
If you put them under a Glals Receiver, and
draw out the Air, then the Air contained in the
Liquors will expand itfelf and go out. In that
Cafe very cften the Action of the Particles of the

Liquid upon one another, is changed, and a Fer-
mentation arifes.

C-HR-P.. XVL

The Defeription of feveral Machines, and the
Explanation of their Ejfets.

[ Experiment 1. Plate XXXIL Fig. 1,]
E T one End 4, of the Carve Tube 4 S 5, 467
be immerged in Water, whilft the other End

b defcends below the Surface of the Water. If

by fucking, or any other Way, the Air be taken

out
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468

469

out of this Tube, the Water will run through 2.
This Inftrument is called a Sypbor.

'This Effect arifes from the Prefiure of the Air,
which drives on the Water in the Syphon, by its
Preffure upon the Surface of the Water in the
Veflel. The Air does alfo prefs againft the Wa-
ter that goes out of the Orifice &, and fuftains it.
Thefe Preflures are equal, and act contrariwifein
the upper Part of the Syphon, with a Torce e-
qual to the Weight of the Atmofphere, taking
away the Weight of the Pillars of Water which
are fuftained by the Preflure. The Pillar of the
Water in the Leg S, is longer than the oppofite
Pillar of Water ; therefore, the Preflure of the
Air is more diminifhed on the Side £ 8, and the
oppofite Preflure overcoming it, the Water flows
towards 2.

Experiment 2. Plate XX X1, Fig, 6.] The Sy-
phon above-mentioned has this Inconveniency,
that, if once it ceafeth to work, the Water will
not run again, unlefs the Air be drawnout of the
Tube afreth, This may be correfted by making
a Syphon in the Figure a S &, whofe Legs are
equal, and turned up again: For if the Syphon be
filled with, and one Leg be immerfed in Warer,
fo that the Surface of the Water may be above
the Orifice, then the Water will run out through
the other Leg, for the Reafon given in the Lx-

lication of the former Experiment. Since the
'}I)chs are returned upwards, the Syphon will not
be emptied, when the running outof the Water
ceafes; and fo the Syphon, being once filled, is
always ready to work its Effect. "The Water runs
backward or forward. through it, according as it is
higher on one Side or the other.

Plate
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Piate XXXII. Fig. 2.] Upon the {fame Princi- 470
ple as the foregoing Machines, is contrived the
Syphon for raifing Water into a Giftern. The Ef-
fet of this Syphon becomes vifible by the Help
of a Machine made up of two hollow Glafs Balls
H and 1, which are joined together by the "I'nbe
C D E, the Ball I communicates with the Water
to be raifed by means of the Tube A B, which
comes up almoft to the Top of the Ball; to the
Ball H at the lower Part is joined the Tube F G,
as long as the whole Tube A B.

The Ball H muft be filled with Water through
a Hole by a Funnel, and then the Hole muft be
{hat up clofe.

In fuch Machines as are applied to Ufe, for
raifing Water out of a Refervoir that contains it,
the Water is brought away in the Vetlel H, and
the Communication between the Veflel and the
Refervoir is fhut up with a Cock,

Experinment 3.] Opening the Cock G, the Wa-
eer will run out that Way, and the Water will
afcend through the Tube A B up into the Veflel
I; which being filled, the Water is fuffered to
run away to the Place where you would have it ;
and, by repeating the Operation, the Elevation of
the Water continues.

Opening the Cock G, the Air prefles againft the 471
Water going out of the Tube I G the Air alfo
prefles upon the Water in the Refervoir, and fu-
frains that whichisin the Tube AB. ThefePrel.
{ures are equal, and if you take from them the Co-
lumns of Water which they fuftain, you will have
the Forcesby which they aétuponthe Air, contain-
ed in the upper Part of the Vefiels and the Tube
CDE. The Fillar F G, becaufe there is fuperadded
to it the Height of the Waterinthe Veflel H, does

: always
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always overcome the Column in the Tube A B,
as being longer; therefore the Preflure at G is
lefs diminifhed than the other, and fo overcome
by it; and therefore the Water muft rife in the
Tube A B, and defcend down F G.

To render the Effect of common Pumps vifible,
let there be a little Pump made of Glafs in the fol-
lowing Manner; A B (Plate XX X1, Fig. 3.)muft
be a Cylinder of Glafs, and about an Inch and a
half Diameter. Inthe Bottom of it join a Tube
of any Length, as CD. Let the upper Part of
it be fhut with a leaden Ball, {o thar the Water
may not be able to defcend out of the Cylinder,
bur may eafily rife into it, by raifing up the Ball,
which we make ufe of here inftead of a Valve.
The Pifton is moved in the Cylinder A B, which,
being furrounded with Leather, exaétly fills its
Cavity : There is a Holein the Pifton, which like-
wife is ftopped with a Ball of Lead inftead of a
Valve ; f{o that the Water may rife, but not de-
fcend throughthe Pifton.

Experiment 4.] Puth down the Pifton to the
Bottom ; pour Water upon it tohinder the Paffage
of the Air;if the End of the Tube CD be im-
merfed into Water, and the Pifton be raifed, the

*447 Water will alcend upinto the Cylinder A B * from

which it cannot defcend ; wherefore, it comes up
through the Pifton, when it is puthed down. 1f
you raife the Pitton again, the Cylinder is again
filled with other Water, and the firft Water is
raifed up into the wooden Cylinder whichis joined
into the glafs one, from which it runs out thro’
the Tube G.

Since the Effeéts of all the Machines, defcribed
in this Chapter,' depend upon the Preflure of the
Atmofphere, the Water will not rife in thefe Ma-

*423 chines much Higher than 32 Foot.*

There
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There are {everal little artificial Fountains,
that are called the Fountains of Hero; 1 fhall here
give the Conftrution of one of them.

Plate XXX11, Fig. 4.] Let there be two equal 474
elliptical Veflels A B and C D, exactly fhut on all
Sides, made of one Sort of Metal.

In each of them there is a Separation paffing
through the Center of the Ellipfe, which divides
the whole Veflel into two equal Parts.

The Separation # # 7, in the Veflel D C, is per-
pendicular tothe Axis of the Ellipfe, the Separation
c¢fg b of the other Veflel muft be inclined to
that Axis. -

There is a Brim raifed round about the upper
Part of the Veflel A C B, to makea Bafon.

Four Tubes are joined to thefe Veffels. The
firlt o0 p goes through the Cavity B of the Veflel
A B, without having any Communication with
it, and defcends almoft to the Bottom of the Ca-
vity D ; the fecond s ¢ is foldered to the upper
Part of the Cavity D, and afcends to the upper
Part of the Cavity B, but not quite fo high as to
touch the upper Plateof it. The third g r reaches
from the lower Part of the Cavity B, almoft to
the Bottom of the Cavity C ; the ath, x #, ismade
faft to the upper Part of the Cavity C, and reaches
almott to the upper Part of the Cavity A.

Laftly, there isa Tube = 3, which, going thro®
the upper Plate, is foldered to it, and reaches
down {o deep in the Cavity A, that its End
is but a little Way off of the Bottom.

"There are Cocks joined to every one of the Ca-
vities ; orelfe they have other Holes that are fhue
up with Screws that have Leathers on them; the
chief Ufe of them is to let out the Water wvery
clean from the Cavities, left they fhould grovﬁv
rufty, when the Machine is net in Ufe.

Experititert
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Experiment 5.1 Pour in Water through the
Tube 0 p, {oasto fill the Cavity D ; if you con-
tinite to pour in Water, it will rife up through the
Tube s £, and then defcend through ¢ » into the
Cavity C, which is alfo filled, the Air afcending
up through x u, and going out through % y.

Turn the Machine upfide down, opening the
Cocks of the Cayity € and D, the Water will de-
fcend into the Cavities B and A. Having again
fhut the Cocks, asalfo the Hole y of the I ube
%2, fet the Machine again the right Side upwards,
and pour in Water again through the Tube ¢ p,
till the upper Surface of the Machine be covered
with Water. Now, if the Hole 7 be opened, the

Nater will fpout up to almoft twice the Height
of the Machine, and the Motion of the Water
will continue, till the Cavity A be emptied of its
Water. 'The Height of the fpouting Water will
continually diminifh, and at laft it will not be
double the Diftance of the Vefiels.

The Effect of this Machine is tobe attributed
to the Compreflion of Air in the Veffels. The
Preflure of the Atmofphere at 0 and y, as alfo in
the Veflels, is equal, and thefe Preflures deftroy
one another; therefore, theyare not to be confider-
ed in the Examination of the Machine. Whenat
laft the Water is poured into the Tube op, it is
fuftained in it by the Preflure of the Air contain-
ed in the Cavity D, and aéting upon the Surface
of the Water which ftands at a fmall Height inthat
Cavity ; which Air, therefore, is compreffed by
the Weightof the Water, whofe Height is p 0. We
fpeak of the Prefiure, by whichthe Preflure of the
Atmofphere is overcome. 'The Air in the upper
Part of the Cavity B communicates with the
Air above-mentioned by the Tube 57, and is e-
qually comprefled, and aéts with the fame Foree
upon
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upon the Surface of the Water in that Cavity.
This Preffure is to be added to the Preflure ari-
fing from the Height of the Water, in order to have
the Force by which the Air is comprefled in the
Cavity C, as alfo in theupper Part of the Cavity
A, by reafon of the Communication through the
Tube x#. The Preflure, therefore, upon the Sur-
face of the Water in that Cavity A, is equal to a
Pillar of Water, whofe Height is almoft double
the Weight of the whole Machine. And therefore
it fpouts as if it was prefled by fuch a whole Co-
lumn, that is, to a Height not much wanting
from the Height of that whole Column, *

The Heighe is continually diminifhed, for the
Columns of Water, which comprefs the Air, con-
tinually become fhorter, becaufe the Water af-
cends in the Cavities C and D, and its Height is
diminifhed in the Cavity B. In the {ame Time
the Cavity A is continually evacuated, and the
Water afcends through a greater Space, before it
comes to ¥ ; therefore, it isdriven to a lefs Height
above 7.

CHAP XV

Of the undulatory Motion of the Air, where
we fball treat of Sound,

F the Air be agitated in any Manner, the Pay.
ticles moved recede from their Place, and
drive the neighbouring Particles ina lefs Space;
and as the Air is dilated in one Place, it is com-
prefled in the Place next to it; the comprefled
Air, by the Reftitution of the Spring, not onl
returns to its firft State, but is alfo dilated by the
Motion acquired by the Particles.
The Air, being firft dilated by that Motion, is
reftored to its firft State, and the Air is compref-

fed
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{ed towards other Parts. This again obrains,
when the Air laft comprefled expands itfelf, by
which a Comprefion of Air is again produced ;
thercfore, from any duitation there arijes a Motion
analogons to the Morionof a Wave on the Surface of

*.02 Water* 'The Air is comprefied in that Manner

with a Dilation following, {o as to make what is

*.05 Called a Wave of dir: * Comprefled Air always

dilates itfelf every Way, and zbe. Motion of thefe

478 Wawves is tise Motion of a Sphere expanding itfelf

in the fame Manner as the Waves move circularly

*s05 upon the Surface of the Water*
478 W hilt a Wave moves in the dir, wherever it

paffesythe Particles are removed from their Place,
and veturn to ity ranning through a very [bort Space
in- going and coming.

Pilate XX X111, Fiz. 1.] Now, to explain the
Laws of this Motion, let us conceive Particles
of Air to be placed at equal Diftances, and to be
in a right Line; as a, &, 6 d, &c and f. Let the
Wave be fuppofed to move along that Line. Now
Jet ws fuppofe it to be come forward along that
Line, as far as between & and 2, and that the
Air is dilated between b and b, but comprefied
between b and p, as all thisis reprefented in Liwe 1.

479  The greatefi Denfity is at i, which is the Miad-

dle between b and p 3 and the greateft Dilation be-
tween b and b, is in the Middle e.

80  }{'lerever the neighbouring Particles are not e-

qually diftant, the Motion, arifing from Elafticity,
caufes the lefs diffant Particles 1o move towards

432 ghofe that ave moff diftant ; * and this Motion a-

fone, abftracting from all other Motion acquired,

is to be examined.
Between baud e there is a Motion from & towards
e, that is, confpiring with the Motion of the Waves;
there is alfo fuch a Motiou between 0 and .
But




Book L. of Natural Philofophy. 241

But there is a contrary Motion between e awd 482
my and it is dirvelted from m towards e.

At m and e, where the Dire@ions of the Mo- 483
tions are changed, #o Aition arifes from the Fla-
fHicity, becaufe the neighbouring Pares are placed
at equal Diftances among themf{elves.

In the Places by b, and p, the Difference of the 484
neighbouring Parts is the greateft of all; and there-
fore, there s the greateft Aition of the Elafiicity.

From this it follows, that a Particle, according
to its different Place in a Wave, {uffers a differ-
ent Action from the Elafticity by which its Mo-
tion is generated, accelerated, diminifhed or de-
ftroyed ; therefore, the Direction of the Motion
of a Particle cannot be determined from the A&i-
on of the above-mentioned Direétion only, and
does not always agree with that Direétion, and
the Mortion of the fingle Particles is changed every
Moment.

All the Particles between & and p are removed
according to the Order of the Letters. 'The Par-
ticles between 4 and p continue their Motion,
and the reft between / and Jreturn towards b, as
will be {aid hereafter.

Thefe continue in the Motion by which they
return, until, by the Adtion of the Elafticity,
whofe Diretion is changed in the Point e, the
Motion acquired anew be deftroyed ; in which
Cafe a Particle, as &, returns to reft, and its firit
State. In the following Moment the Patticle ¢
comes to reft in its firft State, but p comes forward
to g, as in the Line 2, and {ucceflively in equal
Moments, the Wave has all the Pofitions which
are here reprefented in the Lines1, 2, 3, &c. 485
and 13; and, whilff the Wave, from the Pofition
in the Line 1, comes to the Pofition in the Line
13, a# runs thro’ its whole Breadth, The Particle
P, in that Motion, goes and returns, and the Mo-

tion
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tion of it is made fenfible in the Figure, and, as
it plainly appears, this Particle goes fucceffively
through ali the Situations of the Particles; in the
Waves all the Particles fingly are agitated by the
like Motion.

486  The Motion of auy Partick, as p, in its going

backward aud forward, is analagous to the Motion
of a vibrating Pendulum, whilff it performs two
Ofcillations, that is, does once go forward and
backward, A Pendulum defeends in its Ofcilla-
tion, and the Motion acquired confpires with the
Motion of Gravity, and is accelerated by it, un-
til it comes down to the loweft Part of the Arc
to be defcribed, that is, the Middle of the Way
to be run through ; the Pendulum goes on by
the Motion acquired, which is deftroyed by the
A&ion of Gravity, whofe Direction changes in
this Point, whilft the Body afcends up the other
Part of the Arc to be defcribed : This Body re-
turns by the fame Laws.

The Particle p is moved by the Elafticity, and
this Motion is accelerated by the Adtion of the
Elafticity, until it comes to the Situation of the

x48, Particle m, the Line 1, * which Situation is feen

in Line 4, in which the Particle p is, in the Mid-
dle Point of the Space, to be run through by the
Motion backward and forward. By the Motion

*s825cquired, though Gravity aéts againt it, * jt

perfeveres in its Motion, until, by the Aétion of
the faid Elafticity, the Motion be wholly deftroy-
ed, which happens, when it has gone through a
Space equal to that in which it was generated ;3
then the Particle is in the Pofition which is feen
in Line 7, which anfwers to the Situation of the
Particle / in Line 1. 'Then, by the Elafticity, the
Particle returns, and is accelerated, until it has
acquired the Situation of the Particle e, in

%43, Line 1, * as in Line 10, that is, until, as in

Line
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Line 4, it comes again to the Point that is in the
Middle of the Way tobe run through. The Par-
ticle continues in its Retarn, until by the Adtion
of the Elafticity, whofe Diredtion is again chang-

ed *, the whole Motion is deftroyed ; and then *48:

the Particle returns to its firft Pofition, as in the
Line 13, and there, not being agitated by any

new Motion, it remains at reft. ‘Therefore, 74487

Motion of the tremuious Body, by which the Air is
agitated, ceafing, therve are mo new Waves genera-
ted, and the Numberof the Waves is the fame as
the Number of the Agitations of that Body. -
If, after two Vibrations of a Pendulum, the
Aétion of Gravity fhould ceafe, as in the Air,
after the going and returning of a Particle, the
Aé&tion of the Elafticity on that Particle ceafes,
the Motion of a Particle of Air would wholly
agree with the A&ion of a Pendulum. In the
middle Point of the Arc, which is to be run thro’
in the Ofcillation, there is no Aétion of Gravity,
and its Direttion is changed ; in the middle
Point of the Space to be gone through by the
Particle p in itsgoing and coming, in which it is
in the 4th and 1oth Line, the Situation of this
Particle agrees with the Situation of the Particles
# and ¢ in Line 1, in which Points there is no
Action of Elafticity, and its Direction is chang-
ged*, Ina Pendulum, the more a Body ofcilla- *
ting is diftant from the loweft Point or Middle of
the Arc to be defcribed, by fo much greater isthe
Force of Gravity alting upon it; the more alfo
the Particle p is diftant from the Space to be run
through, the more is the Aéion of the Elafticity
upon it ; and in the Lines 1, 7, and 13, the Par-
ticle is moft diftant from the Point above-menti-
oned, and its Situation there agrees with the
Points, 4, b and p in the Line1, in which the
Action of the Elafticity is greateft of all ¥, *
R 2 According

483

484

R s
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According to which Law, fince this Adtion of
Elafticity increafes with the increafed Diftance of
the often-mentioned middle Point, it is deter-
mined from the very Law of the Elafticity of the
Air, whofe Parricles drive oneanother away witha
Force which is inverfely as the Diftance between

=, the Centers of the Parricles*: and it is demon-

firated, that the Ation of Elafticity upon fuch
a Particle, as p, is increafed or diminifhed in Pro-
portion to the Diftance of the middle Point of
- the Spaceto be run through: And, therefore, alfo
in that Fart there is an Analogy between the Mo-
tion of a Particle and the Motion of a Pendulum

=156 ofcilating in a Cycloid *.

If the Breadth of a Wave remaining, the Par-
ticles run out thro’ a greater Space, the Compref-
fion and Dilatation of the Air in the Wave will be
greater, and there will be a greater Action of Ela-
fticity, and that greaterin the {fame Ratioin which
the Space gone through in the going and coming
is increafed: And the Motion of a Particle,as pin
this Cafe, differs from the Motion inthe foregoing
Cafe, as the unequal Ofcillations of different Pen-
dulums differ ; which, as they are performed in

*; ¢ equal Times ¥, the fame will alfo obtain here.

Therefore, a Particle, as p, if the Breadth of
the Wave continues, the fame goes and comes in
the fame ‘Time, through whatever Space it be car-
ried out of its Flace ; that is, the Wave will go its
498 Breadth in the fame Time ; therefore, ail equal
Waves, whether the Air be iore or lefs agitated,
are equally [wif?.

489 Now /et us examine unequal #aves 3 let them
Le as A to B, and let the Space gone through by
the Particles in the Motion of each of them, in
going and coming, be in the fame Ratio ; in that

Cafe the Compreflions and Dilatations in corre=
{pondent
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fpondent Places will be equal; 7ie Actions, there-
fore, from the Elafticity, don’t differ in corre-
fpondent Diftances from the middle Point of the
Spaces to be run thro’ by the Particles, in their
going and coming. Therefore, thofe Motions are
analogous to the Motions of two Pendulums, whofe
Lengths are as A and B, and which run thro® fi-
milar Arcs; for, in the correfpondent Points of
thofe Arcs, the Action of Gravity is the fame.

In Pendulums the Action of Gravity increafes
as the increafed Quantity of Matter; and what-
ever be this Quantity, the Motion is equally {wift,
when the Gravity is not changed: On the con-
trary, the Acion of Elafticity is dctermined in
the Motion of Waves, and depends upon the Di-
france berween the Particles and the Velocity,
which is generated from it ; the Elafticity remain-
ing the fame, is inver{ly as the Quantity of Mat-
ter to be moved.* In the W'aves above-mentioned, « .
the Quantities of Matter are as the Breadth of 490
the Waves # and 4, and the Velocities generated
by the Elafticity are, therefore, in correfpondent
Points as & to a. 'Therefore, thele Motions are
analogons 1o the Motions of Pendulums deferibing
fimilar Acrs, and moved with different Forces of
Gravity, which are tooue another as B to A for,
in correfpondent Points of fimilar Ares, ‘the Ce-
lerities arifing from different Gravities areas thofe
Gravities.

Now to compare the Motion of Waves with
the Motion of Pendulums, we muft confider Pen-
dulums differing in Length, and on which differ-
ent Forces of Gravity adt*, and we have fhewn »,q,
what thefe Caufes produce fingly in the Dura- 490
tion of the Vibrations.* Both thefle are to be *:ss
joined together, and the Squares of the Times 195
of the Qfcillation of Pendulums, whofe Motions

R 3 are
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are analogous to the Motion of the above-men-
tioned Waves, are as the Length A and B, * and
inverfely, as the Gravities B and A ; * that is,
again directly, as A and B; the Ratio of which
Ratio’s is a Ratio, compounded of the Squares of
the Quantities A and B. Therefore, the Times of
the Cfcillations are as A and B, and the Times
are in the fame Ratio in which the Particles of
the Waves go and come; that is, the Waves run
through their Breadths, which are as A to B;
which Times are, therefore, as the Spaces gone
thro’” by the Waves, and, therefore, the Motions
are equally fwift. If the Space be changed thro’
which the Particles go and come, the Velocit
of the Waves is not changed; * wherefore, the
Proportion which we have put down for a De-
monftration, between the Spaces gene thro’ by
the Particles in their going and coming, may be
neglected, and the Propofition will be generally
true, that Waves, whether equal or any wWay us-
equal, move with the fame Velocity.

This Rule will hold good, if the State of
the Air is not changed ; but 2be Elaflicity remain-
ing the [ame, the Denfity of the Air often varies
and the Elafticity may be changed, the Denfity
remaining the fame; laftly, both are often liable
to be changed.

In the firft Cafe, fuppofing both the Waves to
be equal, and alfo the Spaces thro’ which the Par-
ticles go and come, the Celerities arifing from
the Elafticity, which is always the fame, are in-
verfely as the Denfities ; * but this Variation of

288 Celerity an{wers in the Motions of equal Pendu-
ks
49°

lums, with the Variation of the Gravity *; in
which Cafes the Squares of the Celerities of the

*165 Vibrations are as the Gravities themfelves * ;

therefore, int¥ avestheir Squares of the Celerities are
' inverfely
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inver(ely as the Denfities. 'The Suppofition of the
Equality of the Waves, and the Spaces gone thro’
by the Particles, does not hinder this Demonttra-
tion from being univerfal *, *,58

When the Denfity remains the [ame, but the E« 49!
Iapicity is changed, the Celerity arifing from it va- 493
ries in the fame Ratio as the Elafticity ; where-
fore, from the Demonttration of the foregoing Pro-
pofition in this Cafe, the Squares of the Celerities
of the Waves are as the Degrees of the Elaflicity.

If the Elafticity and the Denfity differ, the Sqnares 494
of the Velocities of the Waves will be in a Ratio
compounded of the direlt Ratio of the Elafivity ¥, » o,
and the inverfe Ratio of the Denfity *. *4on

If the Denfity and the Elafiicity increafe or de- 495
creafe in the [ame Ratio, the inverfe Ratio of the
Denfity will deftroy the direct Ratio of the Ela-
fricity, and the Celerity of the Waves will not be
changed.

This laft Cafe happens in the Comprefion of 496
the Air*. ‘Therefore, from the changed Height of <450
the Pillar of Mercury, which is [nftained in a Tube
woid of Air by the Preffure of the Atmofpbere *, ™42z
which fhews, that the Weight, by which the Air
is compreffed near the Earth, is changed, we muff 491
not judge the Celerity of the Waves to be changed.

For the {fame Reafon, 2be Waves are moved with
the fame Celerity 7u the Top of a Mountain as in
a Valley, unlefs there be a Change of the Elafti-
eity itfelf, by reafon of the Cold, which is almoft
always more intenfe on the Top of a Mountain
than in a Valley; and this would occafion the

Waves to move flower ¥. * 403
It is plain alfo, that zhe Waves move fafer in 498
Summer than in Winter®, * 434

The Celerity of the Waves is compared to 499
the Celerity which a Body acquires in falling,
by determining, from the known Height of the
R 4 Mer-
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Mercury, which weighs equally with the Pref-
422 fure of the Atmofphere *, and alfo the Denfity
“s42 of the Air*; the Height of the Atmosphere, (up-

pofing it every where equaily denfe with r}’e Air

near the Earth ; the Velocity of the W aves wiil be
the J‘czwu as a Body could acquire in falling from
balf that Height. Which Velocity, from what
has been {uid, may be eafily difcovered by Expe-

157 riments made upon Pendulums¥,

S5 If the Weight, by which the Air is comprefled,
be diminifh’d, rhe Air expands itfelf in the fame

42 Ratio*; and fuppofing the Atmofphere every
where of the fame Denfity, its Height does not
vary, which agrees with what has been {aid, that
the Velacity of the Waves is the {ame in different

*496 Compreflions of the Armofphere*,

592  'The Motion of the Air, which we confider in
this Computation, arifes from Elafticity alone ;
and the Computarion would be exact, if the Par-
ticles themf{elves had not a fenfible Proportion to
the Interftices between them; but if we {uppofe
here that they bear a fenfible Proportion to them,
the Motion of the Waves will be {wifter; for it
is propagated through {olid Bodies in an lInftant,
which muft alfo be referred to heterogeneous Cor-
puf les {wimming in the mr

The Motion of Waves in the dir produces Sonnd ;
of which, before we fpeak, we muft lay down
fomething in general relating to Senfation.

§oz2  So ftrict is the Union of the Body and the
Mind, that fome Motions in the Body do, as it
were, cc;her:: with certain Ideas in the Mind, and
they cannot be {eparated from each other. From
the Motian of the Body are new Ideas every Mo-

nent excited in the Mind, and fuch are the 1deas

of all fenfible Cbjeéls ; yet we find nothing com-
mon hetween the Motion in the Body and the
ldea
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Idea in the Mind, We cannot perceive what
Connexion is here, nor that any Connexion is
poffible. ‘There are an infinite Number of Things
hidden from us, of which we have not fo much
as an !dea.

The undulatory Motion of the Air agitates 503
the Zympanum, or Drum of the Ear, by which
Means a2 Motion is communicated to the Air
contained in that Organ, which, being carried to
the auditory Nerve, excites in the Mind the Idea
of Sound.

The Strufture of the Ear, both internal and
external, is wonderful; but here we treat of the
Motion of the 4ir; that it s the Vebicle of Sound,
is proved by the following Experiment.

Experiment 1. Plate XXX1II. Fig. 2.] Take
the Leaden Plate O, which has two cylindric Pil-
lars of the fame Metal C,C, fixed to it; join a
little Bell A to the brafs Wire BD, and et it be
tied with Strings to the Fillars C,C; lay the Plate
O upon the brafs Plate of the Air-Pump, put-
ting between a little Cufhion of Cotton, or Raw-
Silk ; fet a Receiver on over all this Apparatus:
Cover the Receiver with a Plate that has the Col-
lar of Leathers fcrewed to it, through which the
brafs Wire D E can {lip up and down *; to the *440
brafs Wire you muit faften the Plate ¢ f, fo that,
by turning the Wire round, the Bell A may be
agitated. Pump out the Air from the Receiver,
and fhaking the Eell in the Manner before defcri-
bed, you will not hear the Sound. By turning
the Wire D E, the Bell will move backward and
forward feveral times; but we are only to obferve
that Motion in which the Plate ¢f doth not touch
the Wire #d. Letting in the Air, the Sound
will be heard as before.

From
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From this alone, that the Air is the Vehicle of
Sound, and that Sound is moved thro’ it with-
out the Air’s being carried from one Place to an-
other, it evidently follows, that in Sound there
is an undulatory Motion of the Air, and that
Sound arifes from the tremulous Motion of Bo-
dies. ‘That this obrains in Cords, or Strings of
mufical Inftruments, no Body doubts, fince, by
giving them a tremulous Agitation, they produce
a Sound. In great Bells, and feveral other Bo-
dies, this tremulous Motion is very {enfible; but
it will become vifible by the following Experiment
made upon a founding Glafs Bell.

Fxperiment 2.] Let the Glafs Bell CC be fixed
with Plaifter, or Cement, to a wooden Screw, by
Means of which it may be made very faft to the
tranfverfe Piece of Wood AB; this Wood muft
be fuftained by two wooden Pillars §S, towhich
it is firmly join’d with Screws and Nuts. * There
is a Pin with a Screw upon it, that goes through
one of the Pillars, jult even with the Mouth of
the Bell; fo, by fcrewing it forwards or back-
wards, you may fet it nearer to, or farther from,
the Edge of the Bell. IFf this Diftance be very
{fmall, and the Bell be ftruck, it will, by its tre-
mulous Motion, ftrike {everal times againft the
Pin with its Edge.

Bence we deduce, that 2 Body that is firuck,
continnes to give a Sonnd fome Time after the
Biow; the apitated Fibre will continue his Vibra-

*215 tion fome Time, on Account of the Elafticity *;

we often fee, as in Experiment 1, that a Body
gives a Sound, tho’ the Air, agitated by it, has no
Communication with the curward Air; whence it

507 follows, that bw the Agitation of the diry the Fibres

1 of
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of which Bodies confift, are moved ; which Motion
is transferred into the external Air,

This Tranflation of the Sound, by the tremu-
lous Motion of the Fibres, is very remarkable ;
and how the Communication of this Motion ex-
tends itfelf, will appear by a fingle Experi-
ment.

Experiment 3. Plate XXXIII. Fig. 2.] This
Experiment differs from the firft only in this;
that if, inftead of tying the Bell to the leaden
Machine COC, it be faftened to the Ends of
a brafs Plate bent in the Figure of a double Gno-
mon, which is made faft by & Screw to the Plate
of the Air-Fump, and the Air be pumped out,
and the Bell thak’d in the fame Manner as in the
firft Experiment; you will find but very little Dif-
ference between the Sound that ismade, when the
Air is exhaufted, and when the Air is re.ad-
mitted.

The tremulous Motion of the Parts of the Bell
is communicated to the brafs Wire #4d, {o as to
move the Strings by which the Bell is fufpended,
and this Motion is transferred to the bent brals
Plate; the Screw, with which this Plate is joined
to the brafs Plate of the Air-Pump, touches the
Plate, and communicates a tremulous Motion to
it, by which the Air is agitated, and the Sound
of the Bell is heard.

The Celerity of the Sound is the (ame as the Ce- 508
lerity of the Waves, which firike the Ear; and to
this muft be referred what has been faid of their *,q:
Celerity. * In refpect to Numb. 499, it istobe 492
obferved, that the Celerity of Sound can noway *93
be determined by Calculation; for the Proper- ::';
rion between the Diameters of the Particles and 4oc,
in the Interftices between them, is not known, 497

neicher *7%

499,
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neither how large a Space the heterogeneous Par-
ticles take up in the Air.

The Celerity of Sound may be immediately
determined by an Experiment.

509 1f a Flafh of Fire goes off at Night with a
Noife, and a Speétaror ftands at any known Di-
{tance from the Fire, who, with a fhort Pendu-
lum, meafures the Time between fecing the Light,
and hearing the Sound, he will bave the Celerity
of the Sound ; for the Motion of Light, at leait,
thro’ the Space as fuch an Experiment can be
made in, is inftantaneous.

sro By fuch an Experiment made in Frazuce, it ap-
pear'd, that Sound run 1800 FrenchFeet ina Se-
cond Minute of Time; but this Celerity is not

* 408 conftant™®,

5§11 1f at the fame Time in which the Velocity of
the Sound is determined by this Method, there

*4>2be made the two Experiments above-named *,
499 one may, by Calculation, determine the I\iotlou
“4900f Sound by the Elafticity of the Air*, and by
comparing it with the Velocity immediately men=
tion’d, you will have the Acceleration of the
pound, trom the Thicknefs of the Particles, and

512 the heterogeneous Matter.

*s9r  The Celerity of the Sound is equable® ; yet in
going through a greater Space, it is fometinies ag-

*403 celerated or vetarded ¥, from the different Degree
of Elafticity in different Places, in which there

*,:4are different Degrees of Heat or Cold*,

513 The Celerity of the Sound does not munch ffz'%r,

whether it goeswith the Wind, or againft the Wind

]l} the Wind a certain Qu:mmy of Air is carmd
from one Place to another; the Sound is 2ecele-

- rated as long as it moves through that Part of
the Air, if che Direction of the Sound be the
fame with the Direétion of the Wind ; but as
Sound moves very {wift, in a very fhort Time it
will

52 Mathematical Elements
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will run through the Air which is agitated by
the Wind, and the Acceleration does not lait
long, which, indeed, is not very great; for the
moft violent Wirids, which are ftrong enough to
root up Trees, and blow down Houfes, have
their Celerity to the Celerity of the Sound, but
about as one to 33 ; by the fame Argument it is
proved, that no fenfible Retardation is occafioned
by the Wind, when the Sound moves againit
it,

'The Space which the Particles run through, as
they come and go, May be increafed and diminith-
ed by the Wind ; tberefore, the Sound may be beard
at a greater or [malier Diftance, according to the
Direition of the Wind.

The Intenfity of the Sound depends upon the
Strokes of the Air on the auditory Nerve, and
thefe Strokes are as the Quantities of Motion in
the Air.

Whence it follows, that, ceferis paribus, thegrg
Intenfity of the Sound is as the Space run through
bythe Particles in their going and coming*. * 488

All Things remaining as before, if the Weight 53,
by which the Airis comprefled be changed, the "
Celerity does not vary *, but the Denfity is chan- *199
ged in the fame Ratio as the Weight*. 229

Therefore, cateris paribus, the Intenfity of the 516
Sound is as the Weight by which the Air is cow-
preffed *, that is, this Intenfity increafes and de-76:
creafes, as the Pillar of Mercury, which is iz Z-
guilibrio with the Weight of the Atmofphere.

Experiment 4. Plate XXXIIL. Fig. 3.} Shake
the Bell A in comprefled Air * exactly in the *454.
Manner as it was fhaked: i# Viecno, in Experim. 1,
and the Sound will be increafed ; which will again
be diminithed, if opening the Bell you let the
Air retyrn to its firft Stare.
As
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As the Intenfity of the Sound in comprefled
Air, included in a Veflel, is greater, fo the Fi-
bres, of which the Glafs V V is made, are agi-
tated, and a greater Agitation is communicated
to the external Air.
517 If all Things remain as before, but the Elaficity
be increafed, the Denfity is diminifhed in the fame
*43c Ratio as the Elafticity is increafed * ; but the
Celerity increafes as the Square Root of the Ela-
*493 fticity * ; therefore, the Tutenfity of the Sound is di-
reCtly as the Square Root of the Elafiicity, and in-
*64 werfely as the Elafticity itfelf *; but the Ratio,
compounded of thefe, is the inverfe Ratio of the
518above-mentioned Square Root of the Elafticiry.
The Intenfity of the Sound is diminifhed ; there-
519 fore, as its Velocity is increafed, and in Summer,
ceteris paribus, the Iuteufity of Sound is lefs thasn
in Winter ; yety in Summer Bodies do more eafily
tranfmit Sound, becaufe their Parts cohere lefs
firictly, as will be explained at a proper ‘Time, and
they do more éaflily acquire a tremulous Motion.

Experiment §. Plate XXXIII. Fiz. 5.] Hang
up the Bell A ina Glafs, and opening the Cock,
that the Air in the Glafs may have Communica-
tion with the external Air, let the Glafs be fha-
ked, and the Diftance be determined when the
Sound can be heard; warm the Glafs, and repeat
the Experiment, andthe Sound will be heard at a
greater Diftance.
s20 The Intenfity of Sound, confidered in general, is

in acomponnd Ratioof the Space runthro’ bythe Pay-
*s515 ticles, in their going backward and forward®, of
*116 the Weight compreffing the Air * 5 and laftly, of the
*517 inverfe Ratio of the Square Root of the Llafiicizy %
521 There is allo 2 Difference in Sound, from the

Number of the Vibrations of the Fibres of the
Body




Book IL.  of Natural Philofophy. 153

Body which produce the Sound, that is, of the
Number of the Waves produced in a certain
Time, according to the different Number of the
Percuffions in the Ear, the Mind receiving a dif-
ferent Senfation.

A Mufical Tone depends upon this Number of 522
Vibrations, which is faid to be the more acute,
according as the Returns in the Air are more fre-
quent ; and more grave, the lefs the Number of
the Wavesis ; and the Degrees of the Sharpuefs of
the different Sonnds are to ome anotber, as the
Number of the Waves which arve produced in the
Air at the fame Time. 523

A Tone does not depend upon the Intenfity of the 524
Sound, and an agitated Cord gives the (ame Sound,
whetber it wibrates through a greater or a lefs
Space. * *157

Concords arife from the Agreement between the 525
different Motions of the dir, which affelt the Au-
ditory Nerves at the fame Time.

If two tremulous Bodies perform their Vibra- 526
tions in the {ame Time, there will be no Difference
between their Tones and this Agreement, which
is the moft perfect of all, is called Unifon.

1f the Vibrations are as I to 2, this Confonance, 527
or Agreement, is called Oéfave, or Diapafon.

Suppofing the Vibrations as 2 to 3, that is, if 528
the fecond Vibration of one Body always agrees
with thethird of another, {fuch a Cenfonance is
called a Fifth, or Diapente.

Vibrations, which are as 3 to 4, give a Confo- 529
nance, which is called a Fourth, or Diateffaron.

Ditonus is, when the Returns of the Air are 530
as 4 to §. !

And Sefquiditonus is a Confonance, fromaCon- 531
courfe of the fifth Vibration of one Body with
the fixth of another.

A Con-
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A Confonance from the Agitation of Cords, if
they be of the {fame Kind, is cafily determined, by
knowing their Dimenfions and Tenfion.

532  Ceteris paribus, #f the Lengths of two Cords
are as the Number of Returus in a Confonance,
you will bave the Confonance between the Sounds

*250 which the Strings produce. ®

533  The [ame obtains, if, ceteris paribus, the Dig-

*260 teters have the aforefaid Proportion. *

534 And alfo, #f, ceteris paribus, the Proportionof
the Vibration ina Confonance be given between the

*2:8 Sgnare Roots of the Tenfiions. *

535  And genmerally, [uppofing any Cord of the fame
Kind, if the Ratio be compounded of the diret Ra-
tio of the Leugths and of the Diameters, and the
inverfe Ratio of the Square Roots of the Tenfions
be the Ratio betweenn the Numbers of Vibrations
performed in the [ame Time in any Confonance
whatever, you will bave that Confonance by the

*261 Agitation of thofe Cords.*

All thefe have been experimentally tried by
Muficians ; they have obferved a very rematkable
Phxnomenon relating to thefe Cords, whofe dif-
ferent Cafes very well deferved to be explained.

536  Let any Mufical Strings be (o extended, astoper-
form their Vibration inequal Tiwes ; if you give Mo-
tion to the one, the other will allo mouve, Every
Waveof the Air, arifing from the tremulous Mo-
tion of the firft String, ftrikes the fecond String,
and gives it a little Motion ; the String, from the
leaft Motion, goes backward and forward {everal

*257 Times *, and is moved by the Stroke of the firft
Wave, whilft the fecond Wave -comes forward,
whofe Motion confpires with the Motion of the

x,5, String ¥, and accelerates it. What is faid of
the fecond Wave muft alfo be referred to the
other Waves that follow, and there will be an

: Acce-
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Acceleration, ’till the Motion of both Strings be
almoft equal.

From the {fame Demonftration it follows, that§37
an agitated String will communicate Motion to
another, which performs two or three Vibrations,
whilft the firft performs but one.

Now, if the agitated String performs feveral
Vibrations, whilft the String that is to be moved
by the Air can perform but one, from the forego-
ing Demonttration it would follow, that it muft
communicate a particular Motion to it. ‘To dif-
cover which, it is to be obferved, that the Dura.
tion of the Vibration and the Length of the
String are reciprocal ; fo that every 'Thing elfe
continuing as before, the determined Length can
no way be feparated from the unchanged Dura-
tion of the Vibration. If therefore any String
be ftruck with feveral Strokes, by which, Motion
is communicated toit, and the Strokes are more
frequent than what is agreeable to the Length of
the String; that Part of it, whofe Length agrees
with the Time of the communicated Vibration,
will be agitated as much, ‘and there will be, asit
were, an undulatory Motion communicated to
the String ; the Length of the Waves inthe String
will depend upon the Duration of the communi-
cated Vibration, that is, upon the Time between
the Strokes.

Tuke two Stringsy in [uch Proportion, that one 538
wmay vibrate twice whilft the other wibrates but
once, and let the firft String be put in Motion ;
the Duration of the Vibrations, which are com-
municated to the laft String with the Motion of
the Air, agrees with aString of half its Length *, * 259
and fuch is the Length of the Wavesinit: There-
fore, by the commuyicative Motion, the String s

divided into two equal Paris, and the Middle
S Point
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Point isat reft. 'This is confirmed by an Experi-
ment, if you lay a Piece of Paper upon the String
to which the Motion is communicated 5 for it will
remain at reft, if you lay it upon the Middle of
the String, but any other Part of it will be af.
fected with a tremulous Motion.

539  If the String which is put into Motion, in or
derto caufe Motion in anothery performs three Vi-
brations, whilf} the String, to be moved, performs
but oney the laff will be divided into three Parts
by the communicated Motion, and there will be two
Points of Reft ; which may be confirmed by the
fame Experiment above-mentioned. All other
Cafes that have communicated Motion, which are
obferved by Muficians, are eafily deduced from
what has been faid.

540 What has been faid of the Reflexion and In-

" 4>6flexion of the Waves in Water ¥, may be referr’d

#°%to their Reflexion in Air, the Elafticity in this

Z,Z Caufe producing the fame Effect as the Preflure
of the raifed Water in that.

541 Fromthe Reflexion of the Sound there often a-
rifes'a Repetition of ity which is called an Eccho,
If different Parts of the {ame Wave, expanding

* 477itfelf intoa Sphere *, {trike upon different Surfa-
ces, fo that being reflected they concur together,
the Motion of the Air will be {tronger there, and
the Sound will beheard, The fame Sound is often
repeated different times from the different Parts
of the fame Way refledted to different Diftances,
and fome of which alfo fucceffively concur at the

$42fame Place. Such a Repetition fometimes hap-
pens from the Reflexion being repeated.

541 The Sound is often increafed by Reflexion in a
Tube : Themoft perfect Figureof all that can be gi-
ven to fiuch a Tube, is that ofa Parabola, revolving
about a Linea Quarter of an Inch diftant fro}:n

the
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the Axis. For if any one fpeaks in fucha Tube,
fetting his Mouth in the Axis of the Machine,
and in the Focus of the Parabola, the Waves will
be fo reflected, that every one of their Parts will
acquire a Motion parallel to the Axis of the Ma-
chine, whereby the Force of the Wave, and alfo
of the Sound, willbevery much increafed, ‘There
muft be a Mouth-Piece, to fit the Lips, fized to
the End of the Tube.
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