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O N T H E

A S C E N T of V A P O U R S ,

#

Intend in this EiTay to give
.fome Account of the Nature
of Evaporation, the Afcenc

ef Watery Vapours and feveral other
Phenomena of the Atmoiphere. In ex-
plaining which I ihall proceed upon a

* Trtii« ЕЙау was read at a Meeting of the
Royal Society on the cth and loth of Mayt

176$, communicated in a Letter to the Rev« •
Cbarkf Daagfon, D. D. P. R. S. now Lord BU
Aop of 0/ory, ПА Phil. Vratf. Vol. L1V.
To which fome Additions and Improvement«
"ave been finer made by the Author.

A 4. Principle
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Principle very diffèrent (äs.far as lean
find) from any that has hitherto been ufed
or> .this.; Qpcafion -, whereby; J íhall avoid
thofepöfcgeiÖoris which-late? Writers-have
made to the former Accounts that have
been given us of thefe Phenomena, and
perhaps deliver fomethihg on thisSubjcft
that may appear fatisfadlory.

In all the Accounts I have met with,
Fire, or Heat and Rarefaction, by which
Watery Vapours are fuppofed to become
ipecifically lighter than Air, are made „to-
be .the principal, if not the pnJvjCaufcs
of - their Afcent into the Atmofpherci
Doctor Nieweíitjti and fome others fup-
pofed, that the Particles of Fire, by ad-
hering to thofe of Water, make up Mole*
culte or fmall Bodies fpecifically lighter
than Air. And Doctor Halley thought,
that by the AcYiqn of Heat the Particles
of Water are formed, in to .hollow ISphe-
rules filled .with a finer Air, highly rare-:
fied, fo as to become fpecifically lighter
than the external Air. This laft was the.
Opinion 'moft commonly .received, as;

Doaot-
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Dbftor Defagüliers tells us in his Difler-
tation on this Subject (publifhed in 'The
Philofophical Tranfaffions, in the Year
1729) in which he examines and refutes
the two former Opinions, and endeavours
to eitabliih his own. . He afcribes the
,Afcenr., of Aqueous Vapours to their Ъег

ing turned into an Elaftic'Steam; atuTai-
ways rarefied more than the Air is by the
Degrees of Heat, to which Bodies are
uftially fubject in the different Seafons of
the Year.

This Opinion, Г find, has been as ill
received by fubfequent Writers, as the
former ones. Mr. Clare, in his Treatife
on we Motion of 'Fluids, has brought matiy
Objections againft'it; as Mr. Rownitig has
alfo done in his Syflem of Natural Philo/Q-
pky, not long fince publiflied ; who fays^
riiat the Caufe of the Afcent of Vapours
has been much difputed, but not yet de-
termined by Philosophers, and owns that
Üe cannot think of any true Principle of
Philofophy -upon which it may be ac-
counted for.

A 5 I fliall
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ï íhall not here repeat-the Objection»
made by thofe Gfintlernen, but muft beg
leave to add the two following, which*
among oihers that might ftill be urged»
they have not taken Notice of.

pirft ï. If Heat was the only Caufe of
Evaporation, Water in a warm and clofe
Room would evaporate fafter than when
expolbd in a colder Place where there is л
conftant Current of Air,, which is coo-
trary to Experience.

Secondly ; The Evaporation of Water
is fo far from depending on its. being rare-
fied by Heat» that it is carried on evert
wbilft Water is condenfed by the Cold-
nds pf the Ai-r. I:or Water is gradually
condenfed by Cold,, 'tül tlie Moment it
freezes j. aadfmce it evaporates even whert
frozea into hard ke,, it muft evaporate in/
all the lèflèjc-Degrees.of Cold. Mr. Boyle*
having couRterpoifed a Piece o£ Ice in л
Scale,, hung it ащ щ- а frofty Nightr and
found next Morning that it loft confide-
rabjy of its "Weight by Evaporation*

«• Wha
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" Who would have thought, fays he,, that
*' fo extremely hard and cold a Body
** would evaporate fo fait in the clear Air.
" of a freezing Night ?" And finc-e that
Time others have obfer ved the fame Thing ;
which, Faft feems to. be an unanswerable.
Objection- to all the Accounts in which
Rarefaction by Heat is made to be the
chief, if not the only Caufe o£ Evapo-
ration : and therefore we muil have Re-
courfe to fome other Principle to affift us
ш accounting for this Phenomenon.

As the Author, of Nature does not< em*
ploy in his Works a greater Variety of
Caufes than is abfolutely neceflhry,. it is
the Bufmefs of naturab Philofopjiy to re-
duce as- many; Phenomena as may be, to
fome general well-known' Caufe ; and
this is to be done by comparing the Phae-
nomena together in their fevcral Cir-
eumftances, in which if they, are found
to-agrée, they are then: to be confidered
as.Effecb of the fame Kind, and aferibed
to the fame Caufe \ by- which MeanSj the
Caufes,,whofoExiftenceis already proved^

x A. 6 will
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will be rendered more general, aivJ our
Knowledge more exreniive. Now, a.s the
Svifpenfion of the Particles of Water in
Air, of Salt in the Waters of the Ocean,
and of other heavy Bodies in the Fluids
that diflblve them, fee m to be Pheno-
mena of the fame Kind, we might rcufon-
ably fuppofe, that they, arife from the
fame Caufe, and that what we call Evapo-
ration is nothing more than a gradual So-
lution of Water in Air. But that I may
not propofe this merely as an Hypothefis, I
ihall endeavour to prove the Truth of it,
by confidering the Nature of Solution
in general, and comparing its Proper-;
tics and Effects with thofe of Evapora-'
tion.

. By Solution we underftand, fuch an
intimate Union between the Particles of •
a Body and thofe of a Fluid, that the
Whole íhall appear an homogeneous
IVWs, as tranfparentas the Fluid was be-
fore fuch Union, and ihall fo continue,
'till fome external Caufe produces a
Change. The Nature of Solution has

been
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•been explained by the Writers on ChymiË-
try in this Manner : When the Particles
of any Body •lurroundc'd by a Fluid are
lefs ftronely attracted by each other than
by the Fluid, they m u ft feparate from
each other, and join themfelves to thofe
of the Fluid, and remain fufpended there-
in : Thus various Salts are diflolved in
Water, efiential Oils in Spirits of Wine,
Gold in Aqua Regia> Mercury, Silver and
other Metals in other acid Spirits ; and in-
deed it leems to be with great Appearance
of Reafon, that the Attraction between
the minute Particles of different Bodies (of
which we have fo many other Inftances) is
afiigned as the Caule of that Union be-
tween them, which we experience in So-
lutions ; the chief Properties of which I
fliall now mention, fo far as may be necef-
iary for the Purpòfe to which I mean to
apply them.

- In moft Cafes a diiTolving Fluid, or
Menßruttm as the Chymifts call it, will dif-
folve or take up only a certain Quantity of
the Body which is foluble in it, and if any

more
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more of the fame Body be added, it will
fall undiflolved to the Bottom, and then
the Fluid is faid to btfaturated with the
Body it has diffblved -, yet a Fluid which
is faturated with one Body may afterwards.
diflolve others of different Kinds, and
keep all their Particles fufpendcd toge-
ther.

When any Menftruum has entirely
folved a Body, it will continue as t'ranf-
parent as it was before ; the Caufe o£
which may be affigned from what Sir.
Jfaac Newton difcovered by Experiments^
viz. that the Particles of Bodies muft be
of a certain Size or Bignefs to caufe thofc-
Reflections or Refractions of the Rays o£
Light at their Surfaces to which Opacity
is owing -, whence he gives the Kcafon»
why fome Bodies are opake and other*
tranfparent. He alfo obferves, that the.-
moil opake Bodies (fuch as Metals) being-,
diflblved in an acid Meiißruum, and there-
by reduced to their ultimate and fmalleib
Particles, do not take away the Tranfpa».
rency of the Menßrmm.

Hence-
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Hence we may always know how to di£
tinguifh a Solution from a Mixture. For,
if a Body ' be reduced to Powder and
thrown into a Fluid that will diflolve it,
and they are then Ibaken fuddenly toge-
ther, the Fluid will continue fome what
opake, 'till the Solution be eftecbd, or
*till what remains undiflblved falls to the
Bottom v for in this Cafe, the Particles.
arc not at firft rcduc'd to their fmalleft
Size, as they always are in a Solution*
And therefore the Chymifts confider the-
Tranfparency of an heterogeneous Fluid
(or one that contains in it Particles of ano.
ther Body) as the Criterion of a true Solu-
tion -, and where that is wanting, it is only
a Mixture -, as when Water and Air ap-
pear together in Froth, or in a Cloud, or
a thick Mift, it is only a Mixture of thofe
Bodies, and not a Solution of one in die

This much being pretnifed concerning-
the Nature of Solutions in general, I pro*
cecd to the Proof of what I propoíed;
and in Order, to this,. I ihall ihew. that

there
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chère is a-mutual Attraction between Wa-
ter und Air, the fame that we obferve be-
tween the Particles of any two Bodies, one
of which tiiflolves the other. 1 fliall then
compare,*nfeveral Inftances, the Proper-
ties and EfFecls of common Solutions with
thofe of Evaporation -, that from the ex-
act Refemblance between thefe two Phe-
nomena, it may appear that they are Ef-
fects of a'like Kind, and therefore to be
explained upon the fame Principle, or
afcribed to. the fame Caufe. Thence I
fliall fliew, how the Afcent of Vapours,
and feveral other Phenomena of the At-
mofphere may be accounted for. And:
laftly, I ihall add fomething on the rifing
of Steam from boiling Liquors, and (hew
-wherein it differs from common Evapora-
tion.

I am firft to prove that there is an* At-
traction between the Particles of Air and
"Water. It is well known, that all Water
contains a confiderable Quantity of Air,
that this Air retains its Elafticity fo that it
may be feparated from the Water by boil-

ing
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ing and including, iç in ал exhaufted Re-
ceiver. It has al Jo been proved by Expe-
riments, that Air extricated from Water
by boiling, and reftored to:its,uiual Den-
City, will occupy a Space.gre-ater thun that
ppfiened by the Water in which it WAS
contained. Now lincc.it is allowed that
the Particles of fo heavy a Body as Gold
are iufpeiukd. in Aqua, Regia by their'At-
traction towards, the Particles of that
Fluid, it feems ïeafonable to luppofe, that
lo light and elallic a Body as Air rnuft be
retained under Water by a like Force,
v/jthont which it would ; always aicend to
the Surface and eicapc:. But that thc:re is
really lu c h an aitraclive. torce between.
Air and Water, may be fully proved by
the following Experiment.

Letan.OiUFlafk be filled almoft full
t^ith Water, deprived .of its, Air as much
as may be i kt the M c u t h of it be then
Hopped, unti l the Neck, being inverted,
isimmcrfed in a VeflH of Water -, a Bub-
Ые .of Air will thçn afcend into the upper
Part of the. Vlaik. ; When Things have

flood
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ftood in this Way for fome Days, the
Water will be found to have abforbed the
whole Bubble of Air (if it was not too
large) and entirely filled the Flafk. But
if the Bubble 'was too large, Part of it
will be left j for the .Water, after fome
Time, will abforb no more Air, being
then fufficiently faturated with it. It is
obfervable that the included Air enters
pretty quickly into the Water at firft, but
afterwards very flowly. This Experiment
ihews that Water, when deprived of it».
Air, will again draw the Air gradually
into its Pores ; juft " in the fame Mau-
ner as a Lump of dry Sugar will draw up
Water into its Pores, which will afcend
pretty quickly at firft, but very flowly af-
terfome Time. We haveJKcafontherefore
to concede, that there is the fame kind
of Attraction between Air and Water,
that there is between Water and any
dry porous Body that will imbibe it.

As Water contains a confiderable Quan-
tity of Air, fo does Air contain a good
deal of Water, even when we think it

quite
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quite pure and dry } as appears from the
Moifture drawn from it by dry Salt of
Tartar, in fuch Quantity «s to make the
Salt become -entirely fluid. Now fmce
the Air is an heterogeneous , Fluid con-
taining in it Particles of another Body,
and yet retaining a perfect Tranfparencyy
which is the Criterion of a true Solution
in other Cafes ; why ihould we not infer
from Analogy, that in this Cafe alfo there
is a true Solution of Water in Air ?

But the Truth of this will be confirmed
by farther comparing the Properties of
common Solutions with thofe of Evapo-
ration j which I lhali now do in feveral
laibmces.

When a Body is immerfcd in a
fluid that diflblves it, for Inftance a Lump
of Salt in Water, we fee the Salt foon
begin to diffolve, and impregnate with its
Particles the Water that furround s it, which
Vill then appear thick and loaded, and if
the Water be at reft the Solution will pro-
ceed very uowly j but if it be, ftirred about,

the
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the Salt will foon be entirely dififolved.
How exaótiy does this correfpond with
what Dr. Hnlley remarked1 in ah Experi-
ment be made on the Evaporation of Wa-
ter in a clofe Room ? (Philof. ïranf. №.
it)2.) " The fame Obfervations, fays he,
" do likowife ihew an odd Quality in the-

**• Vapours of Water, which is, that of
" adhering to the Surface that exhales
" them, which they clothe as it were'
" with a Fleece of vapourous Air, which
" once inveiling it, the Vapour rifes af-
" terwards'in much lefs Quantity." Here
we fee, th;it the Air which lay at reft over
the Water appeared thick and loaded with
the aqueous Particles, and then the Eva.
poration proceeded very flowly ; juft as
the Water that lies about the Salt, appears
thick and loaded, and while it continues
gt reft, the Salt is diflfolved but flowly.
He alfo obfcrves on the fame Occafion,
that Evaporation is vaftly promoted by a
Current of frcih Air paffing over the ex-
haling Surface : and this I have no Doubt
happens for the fame Reafon that Solu-
tion is greatly promoted .by Agitation*

•which
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which continually bungs frcih Particles of
the Fluid into Contafl wich the Body it
diflolves, in the Place of thofe that have
been already faturated. [A]

Secondly ; Into л Glafs of clear cold
Water throw a Lump of f\ah, and when
it has flood a little Time, ftir it very gent-
ly, and the Water which is faturated^with
the Salt will rife up among the reft in curl-
ed Wreaths or long Stride, which will ren-
der the Whole fomewhat opake, caufing
it to refraft the Rays of Light in different

[A] This Fleece of vapourous Air that fome-
timee hangi over Water, is very difcernable
when we Hand by the Sea-fide in a hot calm
Day, and is the Caufc of fome odd Appearan-
ces. For the lower Part of the Air, which is
then much impregnated with Water, refrafts
the Kays of the Light more ftrongly than at
other Times, and by this unufual Degree of Re-
ftftilion, Houfes on the Shore at a Dillaiice from
Us appear almoft' as high as Steeples, remote
Ships and lilands and the extreme Piirts of
•Head-land« or Promontories appear to be raifed
quite out of the Water, and to hang in the Air
above its Surface.

Directions,
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Directions, which will make an Object
íêen through it appear to have a tremulous
Motion ;. this will continue u n til all'Parts
of the Water are equally impregnated with
the Salt, and then its Tranfparency will be
reûored. As the Farts of the Water which
are impregnated with the Salt are of diffe-
rent Denfities from the reib, while'they
are mixing together, they muft occafion
thofe Refractions and this apparent tremu-
lous Motion, which will ceafe as foon as
all. the Water becomes of the fame Denfb
ty. The very fame Appearances will at-
tend the mixing together of any two
Fluids which have different Denfities,
and will thoroughly incorporate with
each other.

In like Manner, when Smoke or Steam,
ifluing from the Pipe of a boiling Veflel,
firft rifes into the Air, it appears in curled'
Wreaths, and renders:the Air opake ; but
as foon as it is entirely difperfed, the Tran-
fparency is reftorcd. Thus alfo in a calm,
hot, fun^ihine Dayj when we look along,
a mqift Piece çi Ground, the Air and any

Objects
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Objects fcen through it appear to have a
tremulous Motion, like that which we ob-
ïerve in an Object, feen through two Flu-
ids which are mixing together. Now,
as the Vapours rile here in great Abun-

''dance and the Air has but little Motion,
thofe Parts of it that, are much impregna-
ted with aqueous Particles are noixed graT
dually with the Air above it that is diier
and of a different; Denuty > which will
occafion Refractions of the Light, and
that apparent tremulous Motion, juft now
mentioned;.and in this Cafe, the Solu-
tion of Water in Air (if I may yet venture
'to call it by that Name) is carried on in a
Manner vifible to. the Eye, as Solutions
are in other Fluids. The fame tremulous
undulating Motion is more obíèrvable,.
when we. look in warm Weather through
a Tclefcope, which magnifies the Vapour»
floating in. the Air : and from.this kind;of
Refraction the twinkling of the Stars íèema
to arife i with this Difference only, that
the watery refracting Particles in the Day-
time are paiTing into a State of Solution *
whereas the Vagours already diflbjivcd are

5 b/
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by the Cold of the Niglit beginning to pre-
cipitate, and return into Particles large
enough to caufe Refraftiqns in the Light
of the Stars.

Thirdly -, Heat promotes, and Cold in
fome Meafure ftops or checks both Solu-
tion and Evaporation. Very hot. Water
will'diflolve Salt fooner and i n - a greater
Quantity than cold Water ; and if a ftrong
Solution of Salt be made in hot Water,
the Water when cold will let go fotnq of
the Salt before diflolvcd, which will fall
to the Bottom in finall Particles or fiioot
into Chryilals. Jutt fo will Water evapo-
rate falter in warm than in cold Air ; and
the aqueous Vapours, fuljpended in the
Air during the Heat .of the Day, fall down
at Night and form themfelves into Drops
of DEW, or if the Night be very cold' ap-
pear next Morning chryftalized, in • a
HOAR-FROST. And thus if in a hot Day
a Bottle be filled with any very co|d Li-
quor, and expoled to the warm Air, which
to us ftems very dry, »Dew will be foon
formed on the.Outiidc of the Bottle ; for

the
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'the Air about ic being cooled will let go
Part of its MoHture, which will be attracb
•cd to the Surface of the Glafs ; for the
fame Rcafon a Dew is formed on the In-
fide of the Windows of a warm Room,
which on their Outfide are expofed to the
cold Air. In like Manner, the Moifture
breathed out from the Lungs of Ani-
mals becomes vifible in very cold Air,
which cannot keep that Moifture in a
State of Solution, as warm Air will do.
Hence allo we may obferve, that as there
Cannot be fo continual and copious an
Evaporation in cold Weather, the Air will
then be generally clearer than it is in hot
Weather.

Heat fcems to promote Solution, be-
'caufe it expands Bodies, and thereby en-
larges their Pores, and Icilcns the cohefive
Attraction of their Particles -, fo that a Bo-
dy, when hot, will more eaiily admit a
diflolving Muid into its Pores, and its Par-
ticles, cohering together lefs itrongly than
when cold, will more readily quit each
°ther, and unite themfelves to the Particles

В of
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of the Fluid by which they are attracted -,
and for the fame Reafon Heat will allb
promote the Evaporation of Fluids.

But fourthly, The Quantity of a Body
difiolved, and of a Fluid evaporated, in a
mven Time, depends (ел t cris paribus) on
its Quantity of Surface. Thus a Body
reduced to Powder is fooner diflolved than
it is in a concrete form -, and thus Smoke
or Stearn (which is Water reduced to very
fmall Particle^ by Heat) is much fooner
difpcrfed and incorporated with Air, than
Water in its nfual Form. Thus likewife
the MoiiUire, which adheres to a cold po-
liihed Plate of Glafs or Metal, when we
breathe upon it, is immediately dried up
by the Air, becrrafe it is exceedingly thin
and has a very great Surface.

Fifthly ; Chymifts obferve, that when
Sea-Salt, Sal Ammoniac, or Nitre, is diflolv-
ed in Water, or eficntial Oils in Spirit of
Wine, fome Degree of Cold is produced
jn the immediate Aft of Solution ; and
the quicker the Solution, the greater is the

Cold.
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Cold. By diflblving pounded Ice, or ra-
ther Snow (whofe Particles have a greater
Surface) in Spirit of Nitre, a Degree of
Cold has been produced Го great as, to
freeze Quick-filver. Cold is likew'ife pro^
duced in the Aft of -Evaporation. For if
Spirit of Wine, or ./Ether, be rubbed
lightly with a Feather over the Ball of a

'Thermometer, it will fink as theSpirireva-
porates ; and the quicker the Evaporation»
the faller will the Thermometer fink ;
thus I have made Water freeze in a thin
Glafs merely by the Evaporation ofMthet
promoted by a Current of Air. That
Cold is produced by the Evaporation of
Water appears from the Practice of Sailors,
who, in hot Climates, cool their Liquors
by wrapping the Veflels in wet Cloths, and
hanging them up where they are much
expofed to the Wind, and wetting the
Cloths again when they become dry.

This Obfervation íhews a very remark-
able Agreement between the Natures of
Solution and Evaporation : How the Cold
и produced in either Cafe-, I cannot pre-

11 2 tend
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tend to fay ; but I muft beg leave juft to
apply this Fad, to account for a Thing
which I believe moil People have taken
Notice of. If we rub Hungary Water, or
any other volatile Spirit over our Hand,
it will feel much colder than Water, tho'
they will both feel equally cold, if we dip
our Finger into each. The Reafon of
which is, that the Spirit evaporating much
quicker than the Water, produces thereby
a greater Degree of Cold. And fo /Ether,
if it be applied in the lame Way, will feel
colder than any other Spirit on Account
of its more fudden Evaporation.

Sixthly ; It is known, that rectified
Spirit of Wine, when purged of Air, will
imbibe a large Bubble of Air in a much
ihorter Time than Water will do, and I
have myfelf experienced the Truth of this,
which fhews that there is a ftronger At-
traction, or Affinity (as the Chymifts call
it) between Spirit of Wine and Air, than
between Water and Air, and fince the Spi-
rit evaporates much fafter than the Water,
I think we may conclude from hence, that

the
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the Evaporation of" Fluids arifes from an
attractive Force between their Particles
ап-Л tliofe of Air. [в] But here it muft be

[u] As Water and Spirit of Wine arc in no De-
gree vifcid, they may evaporate in Proportion to
the Attraction betwqen them and Air. But the
Cafe is v^-ry different in fuch Fluids as are vifcid ;
for tho' I found that Oil of Olives, when purged
of Air, wi l l imbibe a Bubble of Air almolt as ibon
ns Water does, yet the Evaporation of'.Oil is
fcarcely (if at all) fenfible. The Rcafon of which.
>nuft be, that the Attradjon between Air acd
the Oil is not able to overcome the Tenacity of
itj Particles and feparate them from cadi other,
tho' it is fnfficieiH to draw into the Oil the Parti-
cles of Air, which have no Attract ion towards
*ach other ; ju l t аз Water is drawn into a Sponge,
tho' the AttrafUon of the Water i« not able to fe-
parate the Particles of the Sponge from each other.
It might perhaps be fuppofcd that the Water con-
tained in the Air may defend the Oil from the
Attraction of the Air, and thereby prevent the
Oil from evaporating ; but if this were the Cftfc,
the fame Water would alfo defend the Air from
the Attraction of the Oil, which we fee it doe»
not. The Particles of Oil, like thofe of all other
Fluids, may indeed be fcparated from each other
and driven into the Air by a violent Heat ; but
this ElFcft muft be diftingui/hed from common E-
vaporation, as will appear from what is faid in the
litter Part of this Effmy.

В 3 obferved
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obferved that the Spirit is not only more
ftrongly attrafted by the Air than Water
is, but, being alfo more eafily rarefied by
Heat, its Particles feem to cohere toge-
ther more ilightly than thofe of Water,
and therefore may be more eafily fepa-
rated by the Attraction of the Air.

Seventhly ; If into any Mevfiruum we
throw a Body, which it diflblves, and af-
terwards add another, to which the Men-

ßruum has a greater Affinity than it has to
the firft, it willjdiffolve the fécond Body,
and let go the firft, which will be precipi-
tated and fall to the Bottom. In the
veiy fame Manner will a Fluid let go the
Air it contains, upon the Addition of an-
other Body to which it has a greater Af-
finity than it has to the Air. Thus if to
well rectified Spirit of Wine we add an-
equal Quantity of clear Rain-water, thefe
Fluids * (which fo readily incorporate,)
having a greater Affinity to each other
than to the Air they contain, will let go
a great Part of that Air, which will rife
to the Top, or adhere in ftnall Bubbles

ta
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to the Sides of the Veflcl. This, I think,
fhews that Air is contained in thefe Fluids,
in the fame Manner that the Particles of
a Body are contained in a Menßrmim that
diflolves it ; and hence I conclude that
the Air which is imbibed by any Fluid
b, properly fpeaking, dffilved in that
fluid ; and confequemly that any Fluid
which evaporates, or is imbibed by the
Air, is alfo, properly fpeaking, dijjohed
Jn Air. Upon this Principle we may fay,
that Water is drawn out of Air by dry
Salt of Tartar, from its having n greater
Affinity to that Salt than to the Air.

I ihoiild not have been fo tedious in-
comparing, together the Natures of Solufb-
°n and Evaporation in fo many Iriftances,
but that it gave me an Opportunity at the
fame Time of explaining fome of the
Phenomena that 1 at firril intended to con-
fider ; which Explanations I believe will
be admitted, if I am right in the main,
"oint I have endeavoured to prove. And
realty when we confider how exactly Solu-
tion and Evaporation agree, in their feve-

B4 rui



аб О N T H E A S C E N T

ral Appearances, Properties and Effects, I
think we muft be convinced that they are
natural Operations of the fame Kind, and
that what we call Evaporation, is nothing
more than a gradual Solution of Water ia
Air, produced and promoted by the fame
Means (to wit) Attraction, Heat, and
Motion, by which other Solutions are ef-
fected.

I ihall now endeavour to account for
u'vcral Phenomena of the Atmofphere
upon this Principle, which will be ftill
further confirmed, if it be found to an-
fv/cr the Purpofe to which it is applied.

The lov/eft Part of the Air beingpreff-
cd by the Weight of the Atmofphere
iigairiil the Surface of the Water, and con-
t inual ly rubbing upon it by its Motion,,
has thereby an Opportunity of attracting
and dif lolving thofe Particles with which-
it is in contact and frparating them from.
the reft of the Water. And fince the
Catiíè of Solution in this Cafe is the
ft'-onger Attraction of the Particles of Wa-

ter
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ter towards the Air, than towards each
other, thofe that are already diflolved and
taken up, will be ilill further raifed by the
Attraction of the dry Air which lies over
them, and ehus will diflfufe thcmfelves, ri-
ling gradually higher and higher, and
thereby leave the loweft Air not fo much
Saturated, but that it will be ftill able to
diflolve and take up frefh Particles of Wa-
ter. And thus Ice or Snow will evaporate
as well as Water, its Particles being attract-
ed and diflolved by the Air, which is
ftrongly p relied againft its Surface j for
tho' Heat promotes both Solution and
Evaporation, yet we do not find that in
cither Cafe any fenfible Degree of it is ab-
folutcly necefiary.

In this Manner will AQUEOUS VAPOURS
ASCEND flowly into the Atmofphere, even
when we Aippofe the Air almoft at reft,
for I believe it is never perfectly fo. But
the Solution of Water in Air, and the
Afcent of Vapours, is greatly promoted
by the Motion of the Winds, which bring

and drier Air into the Place of that,
В 5 which
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•which may be already faturatcd and loaded!
•with Moifture, carrying i-r, together with
ks Moifture, into the higher Parts of
the Atmofphere, and' difperling it into all
Quarters.

If we Ihould now fuppofe the Atmo-
fphere to remain always in the fame State
as to Heat and Cold, and to have always
the fame Denfity; when it was once fatu-
rated with Water, all Evaporation would
ceafe, and the Vapours already raifecl
would always remain fufpended ; for a
Fluid, while it retains the fame Heat and
Denfity, will never let go the Particles of
a Body that it has diflolved. We mnft
therefore confider what are the Caules
which occafion the Airfomctimes to part,
•with the Water it has diflolved, and which
thereby keep up a continual Circulation
of Vapours -, and thefe I íhall íhew to be
the frequent Viciffitudes of Heat and
Cold, Candenfation and Rarefaction, to
which the Atmofphere is fubjeét.

As to the Effcfts of Heat and Cold; I
have
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fiave already {hewn that the former pro-
tnotes, and the latter checks, or in fome
Meafure hinders Evaporation as well" as
other Solutions ; of which I gave an In-
ftance in the Vapours that are fufpended
during the Heat of the Day, but by th«
Cold of the Night are precipitated and
fuffercd to coalefce into Drops of Dew.
From the Snow's lying fo long on the
Tops of Mountains, we find that the'
higher Parts of the Atmofphere arc much
colder than the lower. Now tho' Va-
pours are fifft-raiftd, and abound moft in
the lower Parts of the Atmofpherc, yet
they cannot there be formed into Clouds,
becaufe the Heat that helped to difiblvc
them, helps alfo to keep them difiolved.
But when they are carried by the Winds
into the higher Parts, where the fame
Heat is wanting, the cold Air will not be
able to keep in a State of Solution all that
are carried' up, but muft fuffer fomc of
them to coalefce into imall Particles, which
flightly attracting each other and being in-
termixed with Air wil l form CLOUDS,
having the very fame Appearance with

Б 6 Steam
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Steam or .Smoke, which alfo conflits of
fmall Particles of Water mixed with Air,,
and not yet diffdved in it. Thefe Clouds,,
when firll formet!, will remain fufpended,
tho' they conflit of Water, as well as Airj.
becaufe the Weight of their Particles will
not be able to .overcome the Refinance
they muft meet with in defcending through
the Air. For when Bodies are diminiihed.
their Quantities of Matter to which their
Weights are proportional, decreafe fafter,.
or in a greater Ratio, than their Surfaces
to which the Refinance they uieet with is
proportional, and therefore in very fmall
Particles, this Refiftance may become
greater than their Weight. The different
Heights at which Clouds are formed, de-
pends on the Quantity of Vapours carried
up, and the Degrees of Heat in the upper
Parts of the Atmofphere ; for the Vapours
may always afcend till they meet with Air
fo cold or fo thin that it is not able to keep
in a State of Solution all that are carried
up ; hence Clouds are generally'higher in
Summer than in Winter. When Clouds
are much increafed by a continual AddL

lion
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tion of Vapours, and their Particles are
driven clofe together by the Force of the
Winds, they will run into Drops heavy,
enough to fall down in КАШ. Sometimes
the Clouds.are frozen before their Parti-
cles are -gathered into Drops, and then
fmall Pieces of them, being condenfed
and made heavier by the Cold, fall down
in thin Flakes of SNOW, which appear to
be Fragments of a frozen Cloud j but if
the Particles be formed into.Drops, be-
fore they are frozen, they become HAIL-
STON£S.

When the Air is replete with Vapours,
and a cold Breeze fprings up, as it often
does from the Sea, the Solution of thefe
Vapours is checked, and Clouds are
formed in the lower Parts of the Atmo-
iphere, and compofe what we call a MIST
or FOG. This generally happens in a
cold Morning, but when the Sun has
been up for fome Time, the warm Air
again difíblves thofe watery Particles, and
it frequently clears up.

In
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In a hot Summer's Day, the Air lying
over wet Marihy Gronnd is copioufly fill-
ed with aqueous Vapours, 'till the Air
growing cooler after Sun-fet will not be
able to keep all thofe Vapours difiolved,
but muft let fome Part of them unite
quickly into very fmall vifible Particles,
and form thofe Mifts which appear to
rife from Marfliy Grounds in a Summer's
Evening. The Vapours near the Ground
being more cknfe and copious, will be
firft affefted by the Cold, and afterwards
thofe that are thinner and higher up, fo
that the Mift will be low at firft, but will
encreafe irr Height afterwards-.

After a warm and unclouded Day in
Summer there falls Abundance of Dew,
and the Air fcarce recovers its Clearnefl
'till towards Morning, when it is pretty
well cooled ; but on the firft Return of
Heat, at Sun-rife or a little before it, the
Water, which is then plentifully fpread
ever the Ground and the Leaves of Trees
and Plants in very, fmall Drops, begins

again
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again to-drflblve, and while it is difiolv-
ing occafions that HAZINESS fo obferva-
ble in a hot Summer's Morning about
Sun-rife, and for fome Time after. Here
it may be proper to obferve, that when
the Particles of Water are of a certain
Size, they will render the Air equally
opake, whether they are paffing into a
State of Solution, or returning from it.

Thofe cold thick Morning Fogs I men-
tioned juft now are often attended with a
very light fmall Rain -, for the Vapours
are then returning faft from a State of
Solution, and we fee the Drops, at their
firft Formation, and they are fiich as we
generally meet with in paiïing over high
Mountains, where we are in or near the
Clouds. So that it feems the Drops of

' frain are very fmall when firft formed in
the Clouds ; but being driven about by
the Motion of the Air in their Defcent,
fome of them will touch each other and
run into a Drop of a larger Size, and the
greater Space they fall through, the гроге

their Size be encreafed before they
come
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come to the Ground. And for this Reav
ion, the Drops which fall from the higher
Clouds in Summer are found to be gene-
rally larger than they are in Winter, when'
the Clouds are low. It has been likewife,
obfervecl, that the Drops of Rain are re-,
markably large that fall in fudden Thun-
der-Showers ; of which the Reafon may
be, that the Lightning buriling from a
Cloud and expanding itfclf greatly, will
fuddenly remove the Air from its Place,
which Air muit therefore return to its.
Place with great Violence, fo that the
watery Particles in the Clouds, ftrongly,
agitated and driven againft each other,
will form themfelves into larger Drops
than at other Times. Or perhaps it may
be faid, that when a Cloud is filled with
Lightning, which is the fame as the elec-
tric Matter, the watery Particles, like-
other electrified Bodies, will repel each
other, but being fuddenly deprived of
this repelling Matter, will by their mu-
tual Attraction come together again with
fome Velocity, and therefore will run in-
to Drops larger than ufual.

When
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When the Wind blows from the South,
it is generally warm and comes replete
"with aqueous Vapours which it has dif-
folved, but coming into a colder Climate
it cannot there keep the fame Quantity of
Vapours in a State of Solution as it did
before, and confequently m u ft part with
fome of them and let them precipitate ;
and therefore Southerly Winds generally
bring us Rain. On the other Hand,
when the Wind blows from the North,
or any Point near it, as it is very cold it -
cannot have diflolved a great deal of aque-
ous Vapours where it came from, and
therefore coming into a warmer Climate
U is ready to. diflolve more. And en.this,.
Account thefe Winds, if they continue
long, are found to be very dry and parch*.
ing, and arc generally attended with fair
Weather.

Thus we fee that the Air, according to its
different States in refpect to Heat and Cold,
^ill diiTolve and take up, or let go and
Precipitate the aqueous Vapours, in confe-

of which we fomctimcs perceive
Changes
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Changes of the Weather, even when there
is no Change in the Denfiry of the Air, oe
confequently in the Height of the Baro-
meter.

Bot Condenfation and Rarefadtion will*
alfo have the like Effects in promoting the
Solution of Water in Air, or in occafion-
íng fome Part of what has been ciiflolvcd
to return again into Water and precipi-
tate. It feems reafonable to fuppofc, that
dcnfe Air in which the. Particles lie near
each other, will be better able to difio.lve
and keep fufpended a Quantity of Water,,
than the fame Air when duTufed through
a greater Space. And tha t this is really lo,
we have an experimental- Proof. For
when a Receiver is partly exhauited, we
fee the rarefied Air begin to let go the Wa-
ter it contained, which gathering into-
fmall . Particles appears like Steam or '
Smoke falling to the Bottom. In order
to prove the lame thing by other Experi-
ments, when a Cup of Water, or rather
Spirit of Wine (which evaporates fafter)
had flood for fome Time in a clofe Re..

ceiver
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reiver full of Air, I rarefied this Air fud-
denly, by letting it rufli into another Re-
ceiver that was exhaufted, and immedi-
ately the Vapour, that was before iufpend-
cd, gathered into imall Particles and fell
ilown in a very vifiblc Shower. J alfo
took fronvthe Air-pump a large exhauft-
ed Receiver 20 Inches long, having at the-
Bortom a Brafs Plate, witli a Stop-cock
in tfye Middle of ir, when the Stop-cock
was opened, the external Air ruihing in
violently, and being much rarefied, let go
the Water it contained, and threw it
againft the other End of the Receiver,
where it iluck on the Glafs, and covered
it with a thin Dew, which I found to en-
crcafe until the Receiver was almoft full
of Air.

Thefe Experiments prove» that Air,
When rarefied, cannot keep as much Wa-
ter diffolved as it does in a more condenfed
State. And hence we inuft conclude, that
*vhen the Atmofphere is faturated with

and changes from a denfcr to a
rarer
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rarer State, the higher and colder Part*
of it efpecially will begin to let go fome of
the Water before diffolved-, which will
form new Clouds, or add to the Size or
Number of the Particles before formed,
and thereby render them more apt to fall-
down in Rain. On the contrary, when

, the Atmofphere changes from a rarer to a
denfer State, it will then be able to iloo
the. Precipitation of the Water, and again,
diflolve in the Whole, or in Part, fome of
thofe Clouds that were formed before, and
confequently will render their Particles lefs
apt to run into Drops and fall down in
Rain. And thus we generally find by
Experience, that the rarefied and conden,-
fed States of the Atmofphere are refpee-
tively attended with Rain or fair Wea-
ther. Though this does not happen at all
Times, for the Air, tho' rarefied, may not
then abound much with aqueous Vapours,,
having already parted with a good deal of
them. So likewife when the Air is denfc
and heavy, it may be then fo much loaded,
with aqueous Vapours, that we may have

Rain ï
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even before we can perceive by the
•Barometer, that the Atmofphere changes
to a rarer State. [D]

[n] The Vapours raifed into the AtmofpJiere
*vill certainly add fomewhat to its Weight, but the
Difference of the Quantity of Water contained in
'be Air at one Time and at another cannot make
any confidcrable Change in its Weight. For the
'Quantity of Rain has been accurately meafureA
'hat frills (communibusaimisj in icvcral Parts of Eu-
rope, and'by taking thefc Quantities at a Medium»
I find that in any one Pl.ice there wil l generally
'Ml, one Year with another, as much Rain аз woiilíl
•mount 'altogether to the Height of 28 Inches,
which is equivalent in Weight to two Inches of
Mercury ; if therefore we were to fuppofe this
whole Quantity of Rain to be fuTpcndcd in the Air
at one Time, and then to fal l before any more
Vapours were taken tip, the Mercury in theBaro-
-meter would, on that Account, fall two Inches,
íut we cannot make fuch a Suppofition, for the
kain falls in fmall Quantities and at different
Times, and the aqueous Vapours are again taken
"Up into the Air immediately ; fo that the Difference
in the Quantity of Water fuflaincd in the Air, at
°ne Time more than at another, can add by it»
Weight but very l i t t le to the Height of the Mer-
,CU|ly in the Barometer, probably not fo much a»
the tenth Part of an Inch.

Upon
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Upon this Principle, I think we may
account for the Changes of the Weather,
which ufually attend the rifing and falling
of the Mercury in the Barometer, better
than by laying, that when the Air grows
rarer and lighter, it cannot, by the Laws
of Hydroftatics, fo well fupport the
Clouds and Vapours, and therefore muft
permit them to fall down in Drops of
Rain. For when the Air grows rarer,
although the Clouds will defcend into a
lower and denfer Part of it, yet they will
be there fupported, and I do not fee why
their Particles ihould be more apt to run
into Drops there, than when they were
higher up, unlefs they received fome Ad-
dition from the Water depofited among
them by the rarefied Air, in the Manner
I have juft now mentioned. For fincc
the Air is rarefied gradually, the Clouds
can defcend but very flowly, and there-
fore their Particles will not be fo much
prefled together by the Refiftance they
meet with in their Defccnt, as they ge-
nerally are by the Winds which blow
upon them.

Whei?
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When the Atmofphcre is faturated
with Water, and grows colder and rarer
than it was before, we ihall then perceive
the lower Air begin to part with fome of
the Water it contains, which wil l fall in-
lenfibly to the Ground, or adhere to the
Walls of Houfes, or other Bodies ex-
pofed to it, and make them become damp
or wet. And if the Moifture fettles on
the fmooth Surfaces of cold Bodies, fuch
as Marble or other Stones, whofe Pores
cannot imbibe it, it will cover them with
n kind of Dew, and then tlicle bodies are
vulgarly faid to SWKAT. At this Time
the Hygrometer being afltòcd by the
Moifture will point to WE '/', and as we
perceive from thence, that the Air is dif-
pofed to part with the Water it contains,
we msy generally expect Rain. But when
the Air again grovre -warm or denfe, it
v/ill be able again to diflolvc and take up
the Water it before depofued, and the
Moifture on the Bodies expoled to it will
difappear, the Hygrometer will point to.
•D R yt and we may then promue our-
felvcs fair Weather,

1 observed
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I obferved before * that if a Bottle bo

filled with a very cold Liquor and expofed
to warm Air, a Dew will loon be formed,
on its Surface, by the Moifttire which the
<ooled Air depofites. Now if we fuppoie
this Body ftill to retain the fame Degree
of Cold whilil the Air paiTes over it, .the
Dew on its Surface will continually en-
•creafe and run down its Sides in fmall
Streams of Water. This feems to be
exactly the Cafe of Mountains whofe
Tops reach into the colder Parts of the
Atmofphere, and which therefore are
themfelves colder than the Air in gene-
ral. For when the Wind blows the low-
er Parts of the Atmofphere (which are
the warmeft and moft replete with Va-
pours) againft the Sides of the Moun-
tains, it being there {topped in its Couríè,
muft necefiarily afcend and pals, over their
Tops ; this Air will therefore be confider-
ably cooled in its Progrefs up the Sides
and over the Tops of the Mountains»
and confequently muft let go a great

• Page 18.

Part
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Par/t of the watery Vapours it contains j
which will be precipitated in Dew and
Moiftnre, upon the Surface of the Moun-
tains where it will fink into the earthy
Parts, or infinuate itielf into the Chinks
and Crevices of Rocks, and being there
collected will afterwards break put in
SPRINGS and FOUNTAINS, and becorr.e>
the Source of RIVERS, which are known
to take their Rile in Mountainous Coun-
tries. A-nd on this Account we might have
fmall Springs and Riven near Moun-
tains, tho' there were neither Clouds nor
Rain. But the Moifture which the Air
ufually depofites on the Mountains muft
be confíderably encreafed by the Clouds
which are driven againft them, and ac-
cumulated by the \Vinds, for their Par-
ticles being then prefíèd together will run
into fmall Drops of Rain. Befides, it is
Well known that Mountains'gather and
fctain the Clouds about them by their
Attraction, in Confequence of which we
often fee fome Clouds continue at Reft
on the Mountains, whilft others at a Dif-
tance are carried on gently by- the Wind«

С Hence
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Hence it is that Countries in the Neigh,
bourhood of high Mountains are the moft
fubject to frequent Rains.

Thus I have ihewn how the Afcent of
aqueous Vapours and their confiant Cir-
culation, by precipitating again in Moi-
fture and Drops of Rain, will arife from
the difiblving Power of the Air, influ-
enced by the Vicilfitudes of Heat and
Gold, Condenfation and Rarefaclion ;
•which Caules, as they take Place in dif-
ferent. Degrees, will occafion thofe vari.
ous States of the Atrnpfphere in Rëfpect
to Drynefs or Moifture, which we expe-
rience in the feveral Changes of the Wea*
thcr, To which the Winds contribute
very much by heating or cooling, con-
denfing or rarefying the different Parts of
the Atmofphere, and by promoting the
Solution of Water in Air, as they mix
thofe Fluids together, or (when the Air is.
already faturated with aqueous Vapours)
by prefling together the Particles in the
Clouds, and thereby cauflng them to run
into Drops,
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If we may thus, from the known Pro-
perties of Solution, account in a fatisfac-
tory Manner for the Afccnt and Circu-
lation of aqueous' Vapour?, and the feve-
ral Phenomena of the Atmofphere anfing
from thence j it muft be a great Confir-
mation of the Arguments brought to
prove that Evaporation is only a parti-
cular Species of Solution ; and therefore
that they both proceed from the fame
Caufe, viz. the Attraction that obtains
between the minute Particles of different
Bodies, which is the Means of carrying
on fo many other Operations of Nature.

And indeed upon» this Principle, Air
feems better fitted to be a general Solvent
than any Fluid we know of-, becaufe its
Particles, not attracting each other, are
more at Liberty to unite themfelves to
die minute Particles of fuch Bodies аз
they do attract. And accordingly we
find the Atmofphere contains in it Mat-
ter of all Kinds. The odoriferous Par-
ticles, of Bodies feem to be llrongly attract-
ed by the Air, as they are fo very readily

C z difperfed
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difperfed thro' it; and Camphor, which
is a very light volatile Body, may be en-
tirely diflplved in Air without leaving any
Remaipder., The Air abounds with Vi-
triolic and other Acids, as is plain from
the rufting of Iron expofed to it. . It a-
bounds al fo.with fulphurous, nitrous,,
and other inflammable Particles, as ap-
pears by the frequent Meteors kindled in
it. . For we have many Subftances, fuclv
as ftrong Acids and eflèntial Oils, which,
being thrown together will unite with
fuch Violence as fuddenly to burft, into a
Flame, and therefore when the Particles-
of thofe Bodies, floating promifcuoufly in
the Air, happen to come together in a
iufficient Quantity by their mutual At-
traftion, (which we know is very ftrong)
they muft kindle into a Elaine, and if
many Particles of the inflammable Kind
lie contiguous, the Fire will run in a
Train and Form, what we call, (hooting
Stars, and other blazing Meteors. In
Ihort, the Atmofphere may be confidered
as a Chaps containing Particles of all
Sorts of Bodies ; and as the great Inftru-

ment
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•nient of Nature for keeping up a general
Circulation of Matter ; and by which hot
only Water is every where difperfed, but
oftentimes the Eggs of Infefts and the
Seeds of Plants are conveyed from Place
to Place, both which have been found in
'Rain-water, on examining it carefully
juft after it had fallen ; and indeed we
•fometimes find Infecb and Plants in fome
«Places where their Appearance cannot
"well be accounted for; otherwife than by
'fuppofmg their Eggs and Seeds to be
'Cnnveyed thither by the Air.

I ihall now mention two other Inftances
in which this diflblving Power'of the Air
produces Effefts of the utmoft Impor-
tance. Dr. Boerbaave, Ipeaking of that
Power or Quality of Air, which makes it
Heceflary fur the Prcfervation of Animal
•Life, calls it a certain hidden Viruie, not
to b<* accounted for from any of the Pro-
perties of Air then uilcwcreil. Perhaps
we may be led to fome Knowkdae of it,

• U • О »
"У conlîdering on what Account Air may

unfit for Reipiration by palfing
С two
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two or three Times thro' the Lungs of an
Animal, for we find that an Animal \n-
clofcd in fuch Air will foon expire. I
think we may be fure that one Purpofe, at
leaft, for which Air was defigned* is, the
carrying off that Moifture and other per-
fpirable Matter which conftantly exhales
from the Lungs, for this we know it ac"h>-
ally does. Now as Air lofes nothing of
its Elafticity by paffing thro' the Lungfi,
an Animal might ftill continue to breathe
the lame Air, and it would ftill continue
fit for all fuch Purpofes in the Animal
Oeconorny-as may be anfwered by the al-
ternate Expanfion and Contraction of the
Lungs in Refpiration. But this Air muft
in a ihort Time become faturated with that
Moifture and other perfpirablc Matter
which it meets with in cheLungs, and muft
then tofe its. Power of diflolving and carry-
ing off any more ofthat Kind of Matter -t

which Nature intends ihould be conftant-
ly difcharged, and which wi l t therefore
continually encrcafe and thereby opprefs
the Lungs, heat the Blood, or produce
fuch other, noxious Effeds as arc mose

imnie-
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immediftcely fatal than thpfe arifing from
the Stoppage of external Perfpiraiion. So
that an Animal inclofed in fuch Air can-
not live long, and will perhaps die fome-
whatin the fame Manner as if it had been
drowned. [к] Whether the Air we
breathe may depofite, in our Lungs, any
Kind of Matter neceflary to the Support
of Life, I cannot pretend to judge, nor is

it

[в] As Air even when incorporated with
V/ater retains its Elafticity, I took it for grant-
ed that it would not become left elaftic by pafl-
ing thro* the Lungs of an Animal. But finding
that the contrary Opinion was held by fome, who
fuppofed that Air, having psfled thro' the Lungs
of an Animal , became u n f i t for Refpiration by
lofing its Elafticity, I refolved to try how the Fail
Was by the following Experiment. In a Receiver,
eight inches in Diameter and twelve Inches high,
having under it a Piece of oiled Leather, I in-
cluded a pretty large Chicken, and tied the Re-
ceiver clofc down to the Table ; thro' a Hole in
the Top of the Receiver went a 6 lab Tube, open
at both Ends, cemented round the Hole with
Wax ; the lower End was invrocrfed in Water,
(tinged blue) which flood in a^Glafs under th'e
Deceiver.

In about an Hour after the Chicken was in-
c'udecl it grew much diftreiled, gaped wide awl

С 4 breathed
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it.my Defign to enquire ^ what has been
faid (hews the Neceffity of freih Air in
Refpiration, and by what Property it is

breathed with great Difficulty, and in half an Hoar
more it Teemed almoft ready to expire j the Infide
of the Receiver was then covered with Moifture,.
which in fome Places ran down in Drops.

Now if the included Air had loft any,of its EJaf-
ticity by pafling thro' the Lungs of this Animal,
it could not have prefled fo ftrongly on the Water
in the Glafs as it did at firft, and then the exter-
nal Air would have preflcd thro* the Tube, and
appeared coming up through the Water in Bubbles.
But no fuch Thing happened, for as foon sis the
Receiver was tied down, the Water in the Tube
rofe about one £fth of an Inch above the Water in
the Glafs, and fo continued during the whole Time
of the Experiment, except that it rofe and fell near
one tenth of an Inch every Time that die Chicken
breathed ; and thefe Vibrations of the Water in
the Tube I obferved grew flower, and moved thro'
a. greater Space towards, the latterEndof the Time;

. which ihewed.that tho Chicken then took in more
Air every Time it breathed, than it did at firit,
endeavouring thereby to throw off the Moifture
which then opprelfed its Lungs. After Things
had (lopped thus above an Hour and a Half, thof«
who faw the Experiment, were convinced that the
included Air had not loft any of its Elafticity,
though grown quite unfit for Refpiration, the Ani-
mal being ready to expire in it.

adapted
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adapted to arifwer on; very important
Purpofe, arid 'alfo how Air may foon be-»
come unfi t for that Purpofe. But here Г
will venture to aik, whether it is not pro-
bable, that, in the conftant and quick Eva-
poration of Moifture from the Lungs,
ibme Degree of Cold may be produced»
as in other Evaporations, which, together
with the freih Air taken in, may ferve to
cool the Lungs and the Blood paffing thro'
them ? We may fee from hence that
rnoift Air muft be very unwholefame by
its not fofEciently promoting the ne-
ceflary Pcrfptration, both internal and
external.

A ir is not lefs necciTary for the Support
of Fire than of animal Life -, for Fire will
not long continue to burn without a Cir-
culation of Air. Now I fuppofe this hap-
pens, not from its adding any Thing to
the Pabulum of Fire, (for Fire fcems to be
otherwife fufficiently provided with Pabu-
'faw) but rather on this Account-, that the
Air immediately about a Body on Fire is

''heated and made fpecifically lighter than
C r, the
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the 'Air at fome Diftance from 'it ; ТЫ?
,hot Air mu'ft therefore afcend and carry

with it all thofe minute Particles of diffe-
rent Kinds which are thrown off1 from the
burning Body, and which would other-
wiíèreft uponks Surface, and thereby clog
and flop the fubtile Vibrations of the
burning Matter, in which the Nature of
Fire partly conflits. If therefore Fire be
confined in a clofe Place, where there can
be no Circulation of freih Air, the Air
about it, being foon {Saturated with the
Particles arifing from the burning Matter,,
will not be able to take up any more of
them, and therefore the Fire muft go oui,
fmothered as it were with fuch Particles-
as are no longer combuftible. And hence
k is that Fire burns fafter when Air is
ftrongly blown upon it, for then the Afhe*
are carried off as fart as they are formed
on the Surface of the burning Body, anjd
thereby the Particles that have juft taken
Fire are kept quite free from any Thing
that can impede and clog their vibratory
Motion. The Air in this Cafe will alfo
fpread the Fire quickJy thro' the Fuel, hy

blowing
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blowing the Particles that arc Already kin-
•dled among thofe that are hot •, and per-
haps the Motion of the Air .in this Cafe
ttiay promote the fubtile Vibrations in the
burning Matter by which the Fire is pro-
pagated thro' its Parts. As.the Air con-
tains many fubtile Particles of the inflam-
mable Kind, it is not improbable that thefe
mixing with the grofs burning Matter may
help to preferve and enliven the Fire-, buc
I think it moft probable that Air fupports
Fire chiefly by carrying offTucb Particles
as are burned out, and wo'uld therefore
obftru6t the Progrefs of the Fire ; becaufe
We find that the ilrong elaftic Steam of
^ater driven violently out of the Pipe of
an [F] JEolipile, which will carry off thofe
Particles, will alfo blow up and incrfafe
the Eire as well as Air driven from the
Bellows, although the Steam does not con •

.tain any inflammable Particles»

[p] An jEolipilc is a hollow Globe of Iron or
'Copper, into which is fcrcwed a long Pipe,
^hofe End is commonly bent into a Curve: it
|*as a very fmall Orifice, out of which the Steam
ifljtes with great Violence, when Water is boiled

• lft the j£olipil(. Sec it delineated in Fig. ï.
Co To
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То this general Obfervation», that Air jY
neceflkry for the Support of Fire, we mull
admit one Exception -, for Nitre wil| burin
in a clofe Veflel, or in Vacua, The Caufe
of this fmgular Phasnomenoal ihall en-
deavour to ;affign from, what has ЬееЪ
faid. Nitre,, when fet on.Pire, burns witli
more Rapidity and Violence than .any Bo-
dy we know ofy its burning is a kind of
Exploiion, and produces a very, fierce and
elaftic Flame, for which Reafon it is a ne-
ceflary Ingredient in.Gun-powder,. Pulvi»

fulminam, and all other fulminating Com-
ppunds. When therefore a Piece of Nitre
takes Fire, its elaftic Flank drives off the-
Fumes and Vapours (with which the Air
in the Veflel may be then faturaflkl) and
defends the burning Matter, fo that they
cannot fettle upon it and extinguiih it, as;
they do other Bodies that burn flówly and
without any lixplofion. And on this Ac-
count Nitre, and other inflammable Matr
ter mixed with it, will burn in clofe Vef-,
fels, or even in Vacua. This will further
appear from confidering the Manner in»
which Nitre firft takes Fire, xand the Rea-

fon;
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ion of its exploding Quality. Nitre will
flot burn by itfejf tho-' melted and made

but when it comes in Contact
any Body aelually on Fire, and

which therefore contains an inflammable-
Matter, or (as it is called) the Phlogißen^
it burfts into a Flame. Here the Chy-
«lilts fay, that the acid Spirit of the Nitre
unites fo rapidly with the Phlogißont which
is detached from the burning Matrer, that
by the Violence of their Congrefs they
both vanifh together in a Flame. And
they prove this to be fo,. by throwing
Ürong Acid of Nitre on any thick eflbntial
Oil, which conflits almoft wholly of the
Phlogißcn, for then the Mixture will fud-
denly burft into a Flame with a violent
bxplouon. Therefore fo long as Nitre
and the inflammable Matter are thus in.
Contait, no Fumes or Vapours floating
about them can prevent that rapid Union
between their Parts which, muft necefiari-
ly make tbem continue to burn. The
Air, which is produced from burning,
j^itro, may poffibly add to the Elalticity
°f its Flame. But I do not think it .pro-

bable
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bable that this Air can contribute •
to keep a large Quantity of Nitre bnrnv
ing fo long as it will do in a clof«

•Veflel.

Having thus ihewn by what Property
Air produces the Evaporation of Fluide
and feveral other Effecb, I come now to
treat of thofe Vapours that are raifed
merely by Heat. Although the Parti-
cles of Fluids in common Evaporation
are raifed into the Atmofphere by the at-
tracting and difiolving Power of the Airj
yet in fome particular Cafes Vapours will
be raifed by other Caufts. For in fome
Places the Earth often fends forth hot
elaftic Vapours that rife into the Aifr by-
means of their Elaftidty, and carry up
with them Mineral and Foffile Particles
of different'Kinds. Fermentation gene-
rates elaftic Vapours which expand them-
felves into the Air. And the Particles
of Water and other Fluids, when ftjffici-
mtly heated, acquire a repelling Force
which feparates them from the Surface,
and throws them upwards into the Ain,

But
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•fiut all thefe Vapours foon lofe that E-
• laftjcity by which they,,were at firft raifed,
,and they muft then be retained and kept
fufpended in tlie Air by the fame Power
that keeps up all the Vapours that rife
without any Klafticity in common Eva-
poration.

That the Particles of Steam which rife
from hot Water are endued with a repell-
ing Force, appears plainly when Water
Ь boiled in a cloie Vcflel, for then the
Steam becomes fo exceedingly elaftic that
« will burft the ftrongeft Veflel. In this
Cafe the boiling Water, being ftrongly
prefled by the Force of the included
Sceam, conceives à much • greater Heat

it will ever do in an open Veflel;
even when Water is boiled in the o-
Air it, is fomewhat hotter when the

Atmofphere is heavy, than when it is
-%Kt,.which ihews that Preiîure upqn
•boiling Water encreafes its Heat ь the
i*\eafon cf which we may perhaps fee pro-
.*cntly. But the moil remarkable Phae-

that attends the boiling of Wa-
ter,
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ter, is the large Bubbles which continue
to rife from the-Bottom fo long'as the
Water boils,*and long after all the Air
is driven out of it, concerning which
there have been/various Opinions. Dr.
Beerhaave, in his Element's of Ckymißry,
proves by feveral Arguments, that thçfe
Bubbles do not arife from Air, and with
Regard to their Production, he feems to
be of the fame Opinion with Stairs, (to
whofe Work he refers) that they arife
from fome active Fires refiding in the
Water. Marriotte, whom he alfo men-
tions on this Occafion, calls thefe Bub-
bles Futwinations, and fuppofes that they
tnay proceed from fome Kind of faline
Particles contained in the Water, which,
being heated, adi in the fame Manner
that the Aurum fulminam does when
heated. It has been alfo a received O-
pinion that thde Bubbles are occafioned
by fome fubtile elaftie Fluid tranfmitted
from the Fire through the Boitorri of the
VeiTel, and this, I think, was the Opinion1

of Homberg. However I conceive 'that
a Fluid fo fubtile as to pafs thro' the Bot-

tom
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toft of the Veflfel, Would pafs alfo thro'
the Water fo eafily as not to difturb it -,
and therefore I have for fome Time
fufpefted, that theie Bubbles arc formed
°nly by an elaftic Steam, in the Manner
I fliall now defcribe. The Particles on
the Surface of the Water, long before it
boils, • will, by means of the repelling
Force which the Heat introduces among
them, rife in Steam, and will infinuate
themfelves into the Air which yields ea-
fily to them -, but thofe Particles that are
prefled againft the Bottom, by the Weight
of the Atmofphere, and of the incumbent
Water,, will require a greater Degree of
Heat to render them fo elaftic that they
flull be able to overcome this Preflure,
and. expand themfelves into a.greater
Space. Now fmte Heat expands Water
and makes its Particles repel each other,
according to its .different Degrees, we
rnuft iuppoie that thele Particles, from
their being' in Contact with the Bottom
of the Veflel, will at length acquire fuch
a Degree of Heat as will give them a re-
pelling Force fufficient to overcome the

Preflure
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PreíTure they fuftain, and to expand them
iuddenly into thole large Bubbles that
afcend thro' the Water when it boils
violently.

I have lately made fome Obfervations
and Experiments which feem to confirm
this Opinion. Thefe Bubbles which af-
cend from the Bottom, I obferved, always
grow lefs in their Progrefs upwards, and
thofe fmall Bubbles that adhere to the
Bottom for fome Time before they af-
cend, often difappear entirely before they
reach the Surface, which {hews that when
the Matter they contain, or any Part of
it, lofes the Heat it had at firft, it is a-
gain turned into Water.

When Water that has jnft boiled, er
is even confiderably lefs hot than boiling
Water, is poured into aGlafs and fet un-
der die Receiver of an Air-pump, and
the Air is almoft drawn out, the Water
•will boil more violently than it does on
the Fire, the Bubbles breaking out from
all Parts of itr In this Cafe, no fubtile

Fluid
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Fluid can be fuppofed to rife thro' the
Bottom of the VeiTel, but the Heat which
l,he Water retains will then give its Par-
ticles an elaftic Force fufficient to over-
come the Preflure of what little Air re-
mains in the Receiver, and will expand
them into Bubbles. And that thefc Bub-
bles are compofed of Steam appears
plainly from this Experiment, for as
loon as they begin to afcend the Receiver
is filled with Steam, which being con-
denfed by the Cold runs plentifully down
its Sides in Water. From hence we fee
the Reafon ,why Water in Vacua boils

a very fmall Degree of Heat,

After a Veflel of Water had boiled
ftill all the Air-Bubbles were driven out
of it, I turned upon its Mouth a large
Glafs that lay on its Side under the Wa-
ter ; the Bubbles, that afcehded under the
Gbf.a, remained in the upper Part of it,
and forced out the Water it before con-
tained, and then the elaftic Matter in the
.Glafs overturned h, and afcended to the
Top in one large Bubble, upon which

the
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the Steam on the Surface was much en-
creafed. , Now this fliews that the Mat-
ter contained in thefe Bubbles, which at
firft is quite tranfparent, being a very
•rare and homogeneous Fluid, appears
afterwards like Steam when it is mixed
with the Air. But I thought I ihoulds
make a conclufive Experiment if I could
obíèrve the Effects of a very hot Steam
-conveyed under boiling Water. There-
fore when an jEoliple had boiled till all
the Air was driven out of the Water it
contained, without taking it off the Fire,
Í immerfed its Pipe into a Veflel of War
ter which had juft been boiled, and; im-
mediately the Steam that ifiued from the
Pipe rofe up in very large Bubbles thro*
the Water, and made it appear to boil vio-

"lently. I. then held a large Glafs of cold
Water, fo that the Pipe of the boiling Жо-
tipilevfas immerfed in it; at firit none of
thefe Bubbles appeared, for the Steam, be-
ing then condenfed by the cold Water, was.
mixed thro' it, making a very loud and
uncommon Noife : but as fbon as the
Water in the Glafs grew very hot, this

Noife
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ceafed, and the Steam, being no
longer condenfed, rofe in large Bubbles,

before, and made the Water appear to
with great Violence.

Thefe Obfervations and Experiments
to difcover fully to us the Nature

°f thofe Bubbles that afcend thro' boil-
lng Water ; and lead me to make fome
Archer Remarks on the Degrees of Heat
that different Liquors acquire in boiling.

The Parts of a Fluid neareft the Bot-
tom of a Veflel grow hot firft, and being
then expanded and made lighter, they

and change Place with the colder
heavier Parts, which occafions that

lriteiline Motion we perceive in Liquors
while they are growing hot. And thus
the Heat of the Whole will continue to
lncreafc, until thofe Particles, that are in
CohtacT: with the Bottom of the Veflel,
acquire fuch a Degree of Heat as will
6lve them a repelling Force fufficient to
°vercome the Weight of the Atmofphcre,
the Weight of the incumbent Fluid, and

the
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the Tenacity of its 'Particles, and then
they will be fuddenly expanded into Bub-
bles of Steam, and afcend quickly to the
Top, without communicating this Heat
to the furrounding Fluid. For as thefe
Bubbles have a Degree of Heat but lit-
tle fuperior to that of the Fluid, and juft"
fufficient to keep them expanded, if they
were to lofe arty of it, by communicating
it to the Fluid in their Afcent, they would'
all difappear before they got to the:Suv-'
face, as the very fmall ones do which af-
cend but ilowly ; or if the whole Fluid
was to grow at once as hot as the Bub-'
bles, it would, like them, be all turned
into an elaftic Steam. And therefore'
the Fluid itfelf cannot grow hotter than
it was when thefe Bubbles began to af-
cend ; but muft all boil away in the fame
Degree of Heat, [c] Provided it be fuch.

[G] That thefe Bubbles arc really hotter than*
the other Parts of the Fluid, I found by immerf-
ing a Mercurial Thermometer with Fahrenheit'*
Scale into a Veffel of boiling Water, for it rofe
one Degree higher when held among the Bubbles/
where they were, mod numerous, tlum it did 1л
the .other Parts of the Water.

a Fluid
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я íluid as will not grow denfcr or more
v'lcid and tenacious by boiling, and of
this Kind are Mercury, Water, Spirit of
,*^ine, and feveral others, for thefe Flu-

are found to boil refpectively with
212, and 175 Degrees of Heat,

afterwards they do not grow hotter..
e Reafon of which is plain, for whilft

the Prefiure upon a Fluid, and its Denfi-
ty and Tenacity continue the fame, the
'аПзе Degree of Heat will always be
l ufficient to fe parate its Particles and ex-

them into Steam -, which is the
Effect that Fire can produce on

Fluid without actually inflaming ir.
ce it is obvious that an additional

* reflure on boiling Liquors, or an En-
of their Denfity or Tenacity, will,

keeping their Particles more ilrongly
ether, enable them to bear a greater

egree of Heat before they are cxpand-
ec^ into Steam and begin to boil. It is

Cry obfervable that all oily Liquors,
^hich refract the Rays of Light more
'r°ngly than others do, acquire alfo a

greater Heat in boiling» Thus
Oil
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Oil of Turpentine and other thin eflen*
tial Oils, that are procured by Diftilla-
tion, boil with about 560 Degrees of
Heat, which however as the boiling con-
tinues is always encreafing ; the more
volatile Parts flying away, and leaving
the Refidue thicker, more vifcid, and
fufceptible of greater Heat.

Common vegetable and animal Oils
begin to boil with 600 Degrees of Hear,
which is the fame with that of boiling
Mercury, and therefore is the greateft
Heat that can be meafured by a Mercu-
rial Thermometer. But it has been
found, by the Expanfion of an Iron
Rod, that Oils grow continually hotter
by boiling, and at length their Heat
encreafes fo much that they burft into
Flame.

There is indeed one Obfervation»
which, if true, would contradift wha*
I have faid as to the Heat of boiling
Liquors being in fome Meafure owin$
to their Vifcidity ) for it is common'/

4
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that Tar, which is a vifcid Liquor,
boils with fo fmall >a Degree of Hear,
that the Workmen fliim the Drofs off it.
with their Hands. But this I found to
"e only the Appearance of boiling, for
Caving placed a Veifel of Tar on the
*i''e ; as foon as the Thermometer ilicw-
e^ it to be a little hotter than the human
•"bod, a great Quantity of Air rofe out
°f it in Froth and Bubbles, carrying up
unie Drofs with it, and then J could ea-
*"У bear to hold my Finger in it ; but
*°°n after, when the Tar began really to
k°H, the Thermometer rofe as high as it
,̂ °es in boiling Water, and was Ш11 rif-
lnS- For Tar, when one Half of it is
k°iled .away, becomes Pitch ; and it is

ЛУеП known that boiling Pitch is hotter
*han boiling Water -, fo that this Experi-
1Tlent correfponds cxaobly with the The-

I have laid down in Regard to the
t of boiling Liquors.

Hitherto we have confidered only the
of fuch Degrees of Hear as are

enough to expand Liquors into
D larçc
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large Bubbles and make them boil, or to
raile a vifible Steam from their Surface,
but I find it neceflary (for a Reafon t
íhall mention prefently) to confider alfo
the Effecb of the lefler Degrees of Heat,
down to that which is juft fufficient to
keep Liquors in a State of Fluidity.

It is generally allowed that Heat keeps
Bodies fluid, by caufing their Particles in
fome Meafure to repel each other, and
thereby preventing them from coming
into fuch clofe Contact as would render
them hard. Now I íhall fliew from Ex-
periments that all Degrees of Heat above
what is neceflary to keep Liquors fluid,
will raife from their Surface (provided
they are not vifcid) fome kind of Steam,
which, for Diftinotion's fake, I lhall call
an Effluvium. Under a large Glafs fet a
Cup of Water, not hot enough to emit
any vifible Steam, and let the Glafs be
expofed to the cold Air, a Dew will foon
appear on its Infide. Here an Effluvium
is raifed from the Water, but it rifes too
flowly and in too fmall a Quantity to be-

cohie
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iome vifible till it is condenfed on the
Glafs. As Steam rifes from Hot Li-
quors more abundantly when the Prefiure
°f the Atmofphere is taken away, it may
be fuppofed that this Effluvium will alfo
'fife more copiouily from colder Liquors
in the fame Cafe, as-we íhall fee it really
does by what follows. From a great
Dumber of Experiments made with Spirit
°f Wine, of different Degrees of Strength,
ï found that, at a Medium, the Quantities
bft in the fame Time in a clofe Receiver
full of Air, in one only half full of Air, in
Air rarefied two and forty Times,and in the
°pen Air, were nearly in the Proportion of
* j IT-, 6, and 48. The fame Kind of Spirit
wasufedin each Experiment, the Time was
24 Hours, and the Spirifwas contained in
cqual Cups, fo.that their Quantities and
their Surfaces were as nearly equal as might
'be. That all the Spirit ufed in each Ex-
periment might be in the fame Circnm-

s, before I put it into the Cups I
from it all the Air I could by the
ump, which could not rarefy the

in the Receiver more than two and
D ï forty
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forty Times ; it was nece/Tary to do this,
beoiufe .the Spirit loft five or fix Grains
in a few Minutes while the Air was
drawing from it by the firft Exhauilion
of the Receiver, and a Quantity leis
and lefs during the fécond and third Ex-
hauftions. A Cup of Water, when in
a warm Room, loft one Grain on the firft
Exhatiftion, and when it had afterwards
ftood in the exhaufted Receiver for 24
Hours, it loft two Grains and a Half,
while the fame Quantity of Water loll
35 Grains in the open Ai r ; but Ice that
was thawing, or Water with Ice in it, did
not lofc any Tiling in the exhaufted Re-
ceiver, or in a clofe Receiver full of Air.
Thefe Experiments were made in a large
lloom without a Fire, and the Fluids,
whofe LoiTes I compared together, had
the fame Degree of Heat.

The Spirit of Wine, which is fo eafily
rarefied by. Heat, and which has alwayi
more Hc-at than is fufficient to keep it
fluid, loft in every Experiment confider-
дЫу more than Water did in the fame

Circum-
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Circumftances ; and as Water did not lofe
any of its Weight, when it had not more
Heat than was песеЛагу to keep it fluid,
I think the riling of an Ef f luv ium from
tliefe Liquors may jnil ly be alcribcd to
the repelling Force given to their Parti-
cles by certain Degrees of Heat. The
Air in the Receiver did not contribute
to this Effect, but on the Contrary pre-
vented it, in a great Meaiure, by its Pref-
Uire, for the more Aiv was drawn from the
Receiver, the greater Quantity of this
Eff luvium arofe. I obfervcd, that when
the Air was rarefied two and forty Times,
the Ef f luv ium that rofc from the Spirit,
"which was fometimes near forty Grains in
twenty four Hours, not being fupported
by afutf lcient Quantity of Air, and lofing
its firft Elaiticity by being very much ex-
panded, fell by its Weight to the Bottom,
and covered it and the lower Parts of the
Receiver with Moifture. But none, or
very little, of this Moifture appeared
when only one Half of the Air was drawn
°ut of the Receiver, for the Effluvium

then afcended (amounting general-
D 3 ly
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ly to eight or nine Grains) was fupportect
by the remaining Air-, but when I rarefied
this Air fuddenly, as in an Experiment
before mentioned, (Page 37.) the Efflu-
vium was immediately gathered into a vaft
Number of viflble Drops, and fell to the
Bottom. This plainly ihews that the Ef-
fluvia which are raifed from Liquors, by
thefe very fmall Degrees of Pleat, cannot
continue fufpended, unlefs they are fup»
ported by a Sufficient Quantity of Air.

'I thought it neceflary to make thefe
Experiments and ObTervations, in Order
to obviate an Objection which might be
made to the Principle 1 have endeavoured
toeftablim. For, as it is found that Flu-
ids lofe of their Weight both in an exhauft-
cd Receiver, and in the open Air, it
might be faid that this Lofs proceeded,
from the fame Caufe in both Cafes, and
therefore that common Evaporation did
'not depend on the difiblving Power of
the Air. But from thefe Experiments, I
think, we might give a fufficient Anfwer.
•to iljch an Objection. For it appears,

firfti.
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j. that Ice, or Water that has no more

Heat than is neceflary to keep it fluid,
fofe nothing of their Weight in an ex-
haufted Receiver, tho' they lofe very con-
fiderably in the open Air. Secondly ;
The Quantity which the Spirit of Wine
foil by Evaporation in the open Air, was
eight Times greater than what it loft in
the fame Time by an Effluvium, when
the Air in the Receiver was rarefied two
and forty Times ; therefore the Caufe of
Evaporation muft be a much more pow-
erful one than that which raifed the Efflu-
vium. And further, the Quantity loft
by Evaporation was forty-eight Times
greater than what was loft, in the fame.
Time, by an Effluvium, when the Re-
ceiver was full of Air ; therefore, fuppof-
ing the lame Effluvium to rife .from it
in the opfen Air, we muft allow that of
the whole Quantity which the Spirit of
Wine loft in the open Air, one Part only
*ч forty-eight could be owing to that Ef-
fluvium which is occafioned merely by its
Heat, confequently forty-feven Parts

have been carried off by fome very
D 4 pow-
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powerful Action of the Air ; which muÉt
alfu be the fole Caufe of the Evaporation
of Jce or very cold Water, which arc
found not to emit any Effluvia in an cx-
hautfed Receiver. And this Action of
the Air J have fliewn to be its difiolving
Power..

Before we conclude, it may not be a mi is
to. take a general View of the important
Purpofes which Air is contrived to an*
fwer, and of the Means by which it is
adapted to thefe feveral Purpofes. By its
Subrjlty and Elailicity. it is capable of
being eafily taken into the Lungs of Ani-
mals- ; and by its attrading and diflblving
Power it carries on that Perfpiration, both
internal and external, which we find is
лесеЛагу to the Prefervation of Life. By;
the fame Power it takes away the fuper-
fluous Moifture from Trees and Plants,
and thereby promotes Vegetation. By the
fame Power it raifes and.fuftains aqueous
Vapours, and its Heat or Denfity being
diminifhed, it returns them again in Rain
and Dew, and thus keeps up a continual

Circu-



O'F V A P O U R S , &c, 75

Circulation of Moifture. By the fame
Power it contributes to the Support of
Fire, by carrying off from burning-Bodies
all fuch Fumes and Vapours as would
otherwife extinguiih them*

By its Weight and Preflure on the
Surface of Fluids it keeps their Particles
together, and enables them to bear (with-
out being difperfed in Steam) fuch De-
grees of Heat as are neceflary for all thofe
Ufes to which boiling Liquors are applied.
By the fame Prefiure it raifes Water in,
Pumps and other Hydraulic Engines.

And laftly ; we may add to thefe, all
the various Purpofes to which the Winds
are fubfervicnt } which are too many to
be enumerated, and too well known to
inquire being particularly mentioned..

D 5;
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O B S E R V A T I O N S

A N D

C O N J E C T U R E S ,

A V I N G obferved that fome
H z* late Writers, who endeavour to

revive the exploded Hy^othe-
iis of an univerfal Plenum* bring Argu-
rnents in Favour of their Opinion from
What Sir Ifaa'c Newton fays of the Afcent
Of Comet's Tails in a Direction oppofite
to the Sun •, I was induced to reconfider
his Account of that Matter, which, I

, never appeared fatisfaftory to me j
I agree intirely with him that this

Phenomenon
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Phenomenon affords a fufficient Proof
,of a Vacuum in the Celeftial Regions.
As this is a Subject of fome Importance
in Phyfics, I ihaÜ, in the following Eflayy
firft, mention fuch Objections as occur to
me againft Sir Ifaac's Opinion as to the-
Caufe of the Afcent of Comet's Tails}
and then offer fome Conjectures that may
poffibly lead to a further Knowledge of
this Subject, leaving them to be confirm-
ed or overthrown as future Obfervations
and Experiments ihall determine. For
I think that Conjectures, or Hypothefesr,
when rendered probable by fome Experi-
ments, and propofed with Caution, may.
be of great Ufe by directing our Enqui-
ries into ibme certain Channel.

That I may proceed methodically, Г
flull begin by relating the Phenomena'.
of Comets as obferved by Newton, and:
other accurate Aftronomers, for I ihall-
ha.vc Occafion to refer frequently to them.

It appears that a Comet is a Kind of
Planet which revolves round the Sun in

a very-
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a very excentric Orbit, and recedes much
farther from the Sun in its Aphelion than
any of the Planets ; it is not vifible until
it comes down into the Planetary Re-
gions-, and then appears furrounded with
a denfe Atmofphere, and from the Side
°ppofite to the Sun, it emits a ihining
Train, which we call its Tail. It is at
*ts firll Appearance very ihort, and en-
creafes as the Comet approaches towards
the Sun, and immediately after its Periht-
ftott, the Tail is longeft and moil luminous,
and then is generally obferved to be fome-
^vhat bent, and to be convex towards
thofc Parts to which the Comet moves ;
the Convex Side being rather brighter
and better defined than the Concave Side.
When the Tail arrives at its greatcft
Length, which in fome Comets has been
imputed to. be 60 or 70 Millions of
Miles, it quickly decreases and foon va-
nilhes entirely, about the fame Time thac
*he Comet itfelf ceafcs to be feen. The
fatter of,which the Tail is formed
ls exceedingly rare, and fo very pellucid
that the Light of the fmalleft Stars fuifcrs

»o
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no-Diminution in paffing thro' it, for Sit
Ifaac Newton obferves : * The extraor-
* dinary Rarity of Comet's Tails may be
« collected from the Stars ihining thro*
« them ; for the fmalleft Stars arc ob-
* ferved to ihiae without any Lofs of
« Splendor thro' the Tails which, are of
* an immenfe Thicknefs, and are alfo illu--
* minated by the Light of the Sun,*

Thefe are the principal Phenomena
of Comets, and it is from hence we muft
deduce whatever we can know of the
Subftance of which the Tails confift,,
or of the Reafon why they are always,
thrown off from the Head of the Comet,,
in a Direction nearly oppofitc to the Sun.
And with thefe Phenomena I propofe to-
compare the Opinions which are com-,
monly received concerning this Matter..

* Oaudarum infignia raritas colligitur ex-Aílrií
per cãs Tranílucentibus.—Per Jramenfam vero-
Caudarum Craffitudinem, Luce pzritcr Sous il-.
Ipftratam, Aflra minima abfque Claritatis Detri-,.
niento tranflucere npfcuatur. Principia, Page
513. Edit. 3<la,

Sir.
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tells us, that there were three dif-
ferent Opinions about Comet's Tails,
viz. that they were only Rays of the
Sun propagated thro' the tranfparent
Head of the Comet. Or that they avo le
from the Refradtion of the Light in its
ljafiage from the Head of the Comet to
the Earth. Or, laftly, that they confid-
ed of Clouds and Vapours continually
riling from the Head of the Comet, and
going off in a Direction oppofue to the
Sun. The firft and fécond of thefe O-
pinions he refutes, and adopts the third,
and proves by fcveral Arguments, that
the Tail mu ft confift of fome Kind of
"Vapour anfing continually from the
Head of the Comet. The Caufe of its
afcending always from the Sun, he affigns
in. another Paragraph, which I ihall now
4uote at Length, tranflating it as faith-
fully as I can $ it is as follows :

' The Afcent of Tails from the Atmo-
1 fphere of Comets, and their Progrefs

towards the Parts oppofite to the Sun,
1er afcribes to the Aftion of the Rays

í О?
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' of Light, carrying with them the Mat"
* ter of which the Tails confift. And
* that fo very thin an Air or Vapour
* Ihould yield to the Action of the Rays,
* in Spaces void of Refiftance, is not al-
' together again/I Reafon ; altho' in our
' Regions, clogged with refitting Matter,
•* the folar Rays cannot fenfibly impel
* denfe Bodies. Others think that there
' may be fome Particles of Matter in
* their own Nature light, as well as fome
* that are heavy, and that the Matter of
' the Tails is of the former Sort, and by
g its Levity afcends from the Sun. But
' fince the Gravity of all terreftrial Bodies
* is proportional to their Quantity of
* Matter, and cannot in the fame Body
•' be increafecl or diminiflied, I fufpeft
* that this Afccnt of the Tails arifes ra-
« ther from the Rarefaction of their Mat-
' ter. Smoke afcends in a Chimney by
* the Impulfe of the Air in Which it
* floats j that Air, being rarefied by Heat
' and its fpecific Gravity thereby cttmi-
* niihed, afcends and carries the Smoke

it. -Why then ihould not the
« Tail
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'.Tail of a. Comet afcend in the fame
'.Manner from the S u n ? for the folar
' Rays do not agitate any Medium thro*
' Which they país, but in Reflection or
* Refraction, the reflecting Particles by
' that Action grow warm, and heat
' the aetherial Air (аигат jEtheream)
' with which they are mixed, which be-
' ing rarefied by this Heat, and the fpeci-
' fie Gravity by which it tended to the
* Sun being thereby diminifhed, it will
' afcend and carry with it the reflecting
' Particles of which the Tail is formed :
* it conduces alfo to the Afcent of thelè
' Vapours that they revolve round the
' Sun, and therefore endeavour to recede
' from it j while the Atmofphere of the
* Sun either ifc at Reft, or revolves more
1 Oowly with fucb. Motion as it can ac-
* quire from the Rotation of the Sun
' round its Axis. Thefe are the Caufes
* of the Afcent of the Tails in the Neigh-

bourhood of the Sun, where the Orbit
bas a greater Curvature, and the Co-
uifit moves in a denfer, and therefore

* heavier Atmofphere of the Sun, and
« then
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* then emits a Tail of a grearer Length»-
* For the Tails, which then arife, by ore-'
* ferving their own Motion, and at the
« fame Time gravitating towards the Sun,
« wi l l revolve about the Sun in Ellipfes
* ju f t as their Heads do ; and by that
* Motion will always accompany their
' Heads and adhere to them moil freely.
' For the Gravity of thofe Vapours to-
* wards the Sun will no more entile the
* Tails to fall from the Heads to the Sun,
* than it will caule the Heads to fall from
4 the Tails, but they muft both, by their
' common Gravity, fall together to the
« Sun, or both together be retarded in
* their Afcent from it: and confequently
* their Gravity will not hinder the Heads
' and Tails of Comets eafily to receive
* (from the abovementioned or other
« Caufes) any Pofition whatever in rcfpeft
« to each other, or to keep this Pofitiort
« afterwards moil freely.1*

We find in this Account that Sir Ifaai

*Prindpiat Page 514.
afcribes
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•Mcribes the Afcent of Comer's Tails to
their being rarer and lighter, and moving
vound the Sun more fwiftly, than the fo-
'sr Atmofphere, with which he fuppofes
them to be furrounded, whilft in the
Neighbourhood of the Sun ; he fays alfo,
that whatever Pofition (in Rcfpect to

other) the Head and Tail of a Co-
then receive, they will keep the
afterwards moft freely, and in an-
Place he obferves, ' That the ce-

Spaces mull be entirely void of
' any Power of refilling, fince not only
4 the folid Bodies of the Planets and Co-

mets, but even the exceeding thin Va-
pours, of which Comet's Tails are
formed, move thro' thole Spaces with

1 ifiimenfe Velocity, and yet with the
' greateft Freedom.'*''—1 cannot help
thinking that this Account is liable to
^ny Difficulties and Objections, and
lhat it feems not very conlîllenc with it-
lelf, or with the Phenomena.

J do not know that we luve any Proof

* Principia, Page 514.
of
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of the Exiftence of a folar Atmofphere
of any confiderable Extent, nor are we
any where taught how to guefs at the
Limits of it. It is evident that the Ex-
iftence of fuch an Atmofphere cannot be
proved merely by the Afcent of Co-
met's Tails from the Sun, as that Phe-
nomenon may poffibly arilê from fome
other Caufe. However let us fuppofe,
for the prefent, that the Afcent of Co-
met's Tails is owing to an Atmofphere
furrounding the Sun, and fee how the
Effeits arifing from thence will agree
with the Phenomena. When a Comet
comes into the folar Atmofphere, and is
then defcending almoft direclly to the
Sun, if the Vapours which compofè the
Tail are raifed up from it by the fuperior
Denfity and Weight of that Atmofphere,
they muft rife into thofe Parts that the
Comet has left, and therefore at that
Time they may appear in a Direftion
oppofite to the Sun. But as foon as the
Comet comes near the Sun, and moves
in a Direftion nearly at right Angles with
the Direction of its Tail, the Vapours

5 which
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then arife, partaking of the great
Velocity of the Comet, and being fpeci-
fically lighter than the Medium in which
*hey move, and being vaftly expanded
thro' it, muft neceflarily iliffer a Refift-

immenfely greater than what the
and denfe Body of the Comet meets

, and confequently cannot poflibly
keep up with it, but muft be left behind,
'Or, as it were, driven backwards by the
Uefiftance of that Medium into a-Line
directed towards the Parts which the
Comet has left, and therefore can no
longer appear in a Direction oppofite to
*he Sun. And in like Manner, when a
Comet pafles its Perihelion, and begins
to afcend from the Sun, it certainly
°ught to appear ever after with its Tail
behind it, or in a Direction pointed to-
^ards the Sun ; for if the Tail of the
£oniet be fpecifically lighter than the
Medium in wh4ch it moves with fo great
Velocity, it muft be j Lift as impoiTible it
frould move foremoft, as it is that a
I'orch moved iwiftly thro' the Air fliould
Project its Flame and Smoke before it.

Since
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Since therefore we find that the Tail of*
a Comet, even when it is afcending from
the Sun, moves foremoft and appears in
a Direction nearly oppofice to the Sun,
I think we muil conclude that the Co-
met and its Tail do not move in a Me-
dium heavier and denfer than the Matter
of which the Tail conflits, and confe-
quently that the confiant Afcent of the
Tail from the Sun muil be owing to fome
other Caufe. For that the folar Atmo-
fphere ihould have Denfity and Weight
fufficient to raife up the Vapours of a
Comet from the Sun, and yet not be
able to give any fcnfiblc Refiftance to
thefe Vapours in their rapid Progrefs
thro' it, arc two Things inconfillcnc
with each other. And therefore, fince
the Tail of a Comet is found ro move as
freely as the Body does, we ought rather
to conclude that the celeftial Spaces are
void of all refilling Matter, than that
they are filled with a folar Atmofphere,
be it ever fo rare.

But there is, I think, a further Con-
fideration
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^deration which will íhew that the re-
ceived Opinion, as to the Afcent of Co-
niet's Tails, is not agreeable to the Phe-
nomena, and may at the fame Time lead
Us to fome Knowledge of the Matter of
which thefe Tails conlift; which I fufpect
is of a very different Nature from what
it has been hitherto fuppofed to be. Sir
Ifaac fays, the Vapours, of which the
Tail of a Comet conflits, grow hot by
reflecting the Rays of the Sun, and there-
by warm and rarefy the Medium which
furrounds them -, which nnift therefore
afcend from the Sun, and cany with it
the reflecting Particles of which the Tail
Js formed ; for he always fpeaks of -the
Tail as ihining by reflected Light. But
°Пе would rather imagine, from the Phœ-
lornena, that the Matter which forms a
Comet's Tail has not the leaft frnfible

of reflecting the Rays of Light,
it appears from Sir Ifaac's Obferva-

tlon, which I have qxioted already, that
the Light of the fmalleft Stars, coming
tcf us through the immenfe Thicknefs of
* Comet's Tail, does not fufiër the leaft

E Diminu-
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Diminution. And yet, if the Tail can
reiîeét the Light of the-Sun fo copioufly,
as it muft do if its great Splendor be owing
,to fuch Reflection, jt muft undoubtedly
have the fame EffccT; on the Light of the
•Stars i that is, it muft refieft back the
Light, which .comes from the Stars
-behind it, and by fo doing muft intercept
ithem from our Sight, confidering its vail
Thicknefs, and how exceedingly flender
a Ray is that comej from a fmall Star ;
or if it did not intercept thçir whole
Light, it muft, at leaft, iucrtafe their
Twinkling. But we do not find that it
'has even this fmall EfFecï, for thofe Stars
that appear thro' the Tail are not ob-
ferved to twinkle more than others in
their Neighbourhood. Since therefore
this Fa£t is fupportcd Vy Obfcrvations,
what can be a plainer Proof that the Mat-
ter of a Comet's Tail has no Power of re-
fiefthig the Rays of Light ? and confc-
.quently that it muft be a felf-ihining
.Subftance. But the fame Thing will fur-
ther appear, from confidering that BodicJ
jfiííecT: ,and refrafit Light by one and the

fame
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fame Power -, and therefore if Comet's
Tails want the Power of refracting the
Hays of Light, they m nil alio want the
Power of reflecting them. Now, that
they want this refracting Power appears
from hence, if that great Column of
tranfparent Matter which forms a Co-
uiet's Tail, and moves either in л Vacu-
um, or in fome Medium of a different
ßenfity from its own, had any Power of
refracting a Ray of. Light, coming thro'
>t from a Star to us, that Ray m u ft be
turned far out of its Way in paffing over
the great Diftance between the Comet
Und the Earth ; and, therefore, we fliould
Very fenfibly perceive the fmallcft Re-
fraction that the Light of the Stars might
Buffer in paffing through a Comet's Tail.
The Confequence of fuch a Refraction
nuift be very remarkable, the Stars that
lie near the Tail would, in fome Cafes»
Appear double, for they would appear in
their proper Places by their direct Rays,
and we ihould fee their Images behind
*he Tail, by Means of their Rays which
11 might refrait to our Eyes ; and tliofe

E г Stars
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Spars that were really behind the 1'ail
would disappear in fome Situations, their
Rays being turned afide from us by Re-
fraction* In ihort, it is eafy to imagine
•what ftrange Alterations would be made
in the apparent Places of the fixed Stars
by the Tails of Comets, if they had a
Power of refracting their Light, which
could not fail to be taken Notice of, if
any fuch ever happened. But fince A-
itronomers have not mentioned any fuch
apparent Changes of Place among the
Stars, I take it for granted that the Stars
ieen thro* all Parts of a Comet's 1'ail ap-
pear in their proper Places, and with
their nfual Colours, and confequently I
infer that the Rays of Light lufter no
Refraétion in palling thro' a Comet's
Tail. And thence I conclude (as before)
that the Matter of a Comet's Tail has
not the Power of refracbng or reflecting
the Rays of Light, and m Lift therefore
be a lucid or felf-ihining Subftance.

And thus if I have argued rightly from
the Phenomena, it muft appear, that the

Tail
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* ail of a Come: does not conflit of aqiiè-
°us or other Vapours, that ihine by'rè-
Uefting the Light of the Sun, but is a ve-
ГУ rare, tranfparent and lucid Subftance,
^vhich has no Sort of Effecl on the Rays
°f Ligiit that pafs thro' it, and that it is
thrown off from the dark Kemifphere of
the Comet in a Dircdion oppofite to the
Sun, not by the iuperior Weight and
ßenfity of any circumambient Medium,
«Hit by fome other Caule that has not yec
been difcuvered.

This fcems to me to be all the Know-
ktlgc we can acquire of the Nature and
•Properties of that Matter which forms the
.* ails of Comets, by attending merely to
the Phíenomenon itfelf. But perhaps we

be able to extend this Knowledge
further, if we could find any

°ther Phenomenon in Nature which re-
fernbles this of Comet's Tails, and can be*-
cooie acquainted with any Kind of Matter
*hat has the fame Properties with that of
^hich they are formed. Now I have of-
tcty obferved а РЬагпотепоп that, I think*

E 3 very



$6. ON THE NATURE OF THE

very ftrong'ly refembles the Tail of a Co-
met, both in its Appearance, and in the
Nature of its Subftance. We frequently
fee a very rare, tranfparent, and lucid
.Subftance thrown off, in a Dire&ion
nearly oppofite to the Sun, from the dark
Hemifphere of the Earth, and principally
from the more Northern and colder Re-
gions of our Atmoiphere. This Appcar-
дпсе is io luminous that it lias been from
thence called the Aurora Borealis ; it is
now fo common and well known that I
fljall not defcribe it particularly» and will
only take Notice of thofe Circumftances
in winch it chiefly refembles a Comet'»
Tail. Thpfe Northern Lights never ap-
pear, at leaft in any remarkable Degree,
Ibon after Sun-fet or before Sun-rife, tho'
it may be then dark enough to make them
yifible, but generally from about «я
•o'Ctock at Night ti)l one in the Morning»,
and the very long Streams of Light,
which iffue frequently from the Northern

.Farte of our AtmoJ'phere, feem ilill to
tend towards the Zenith of that Place

the Speftacor is, and fometimes
get
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get beyond the Zenith, and appear to the
Southward of it ; which (hews that thefe
Streams of Light tend towards the Ver-
tex of the Earth's Shadow, that is, to-
wards the Part of the Heavens which'
is oppofjte to the Sun. From the great
Length of thefe Streams of Light, whicb
feem always moving upwards, we may-
conclude that they extend to a great
Height in the Atmofphere, and probably
rile far above it. For by the Accounts
\ve have of an Aurora Borealis, obferved
in England on the Sixth of March* 1716,
it was vifible from the Weft Side of 1rs-
land, to the Confines of Rußa and P'(h
fond, and probably farther to the Eaft v
fö that it extended at leaft over thirty
Degrees of Longitude, and from about
the fiftieth Degree of Latitude over al-
moft all the North of Europe^ and at all
Places it exhibited the fame Appearances,
nearly at the fame Time.

Now this great Body of luminous Mat*

Phil. Tranf. No. 347,-

E 4 Ш
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ter,, which appears in an Aurora ßorealif,
being Го very extenfive, and fometimes
fo very bright, muft be vifible to a Spec-
tator placed at a confiderable Diftance
from the Earth, and fhaded from the
Sun's Light ; and fuch a Spectator would
then fee the Earth attended by a Train
of Light in the Form of a Tail. It
would probably appear fmall in Propor-
tion to the Earth's Diameter, it would
fcem uaileady, changeable in its Shape,
and of a fliort Continuance ; but whilft
it Jailed, it muft, both in its Direction,
and in the Nature and Appearance of its
Light, very much rcfemblc the Tail of a
Comet. And if fuch a Spectator was to
übferve the Earth for a Year, he might
perceive a further Refemblance in this
Refpeel between the Earth and a Comer j
for as the Tail of a Comet appears only
a ihort Time before and after its Perihe.-
/«>», fo he would fee this luminous Maç-
ter rife from the Earth frequently whilit
it was moving from the Autumnal to the
Vernal Equinox, thro' the Half of its
Orbit that is neareft to the Sun, and very

fcldoni
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during the other Part of the Year,
for we rarely fee an Aurora Borealis in the
Summer Months. Thus we find that
the Matter of an Aurora Borealis and
that of a Comet's Tail are very like each;
other in their Appearance,, and in their
Situation, with Refpedt to the Sun and
fche Bodies from which they flow. And if
We examine further, we flvall find that

• they have exactly, the fame Properties j for
the Matter of which the Aurora Borealis
conflits is not only, very, rare, tranfparcnt
and lucid, but is alfo found-to have no Sort
of Effeft on the Rays of Light which
l?afs thro* it, Thisl have often obferved,
and particularly at one Time when there
appeared here an Aurora Borealis,* which
for its Extent, .for.the Quantity, Brighrnefs
and Steadinefs of its Lights, was the
•tioft: remarkable one I ever faw ; fome
f*arts of it appeared like very dejife white
Clouds, illuminated-by a full Moon, but
Mth a more vivid Brightntfs ', and yet
thro' one of the denfeft and \vhiteft of

Oãefar i6th or.171!), 1763.

H 5- thefe
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thefe Clouds,, I could plainly fee the'
fimlleft Star in the^PJ-eiaeies, and coukl
not perceive that its Splendor was at all-
diminiihed, or that it even twinkled more-
than it did before this lucid Matter was.
in.terpofed, which^ as it moved with a%
quick tremulous Motion^ muft have, at
leait increafed the Twinkling of the-
Stars, if it had any Sort of Effecb on the*
Rays whieh pafîèd thro' it. Since then-
the Matter, of a Comet's.Tail, and that-
of the Aurora Borealis are alike in their
Appearance,, and agree alio.in their Pro^-
perties, we have fome R'eafon to fuppofe.
that they are- Subftances of the fame-
Kind.

Having gained this Step, we may go1

on in our Enquiries, and try if any othef
Subftance, that we arc better acquainted'
Avith, has the fame Properties with the*'
Subftance of which Comet's Tails and th^
Aurora Borealis are formed. It is nov/
•well known that our A tmofphere abound^
with electric Matter, which is more oi-
k-is contained in all Bodies i this Matte1"

i»



A U R O R A BÖREÄLIS, be. «x

is never viíible but whilft it is paifihg
from one Body to anotfier,. thro' the Air
°r a Vacuum, it then appears to be a very
^re, fubtile, íhining Subitance. We often
fee it flaihing from one Cloud to another,
or into the.Earth, with great Velocity and
brightnefs, and then we give it-the Name
of Lightning ; and in the fame Manner-
when we bring our Finger near, a Bar
of Iron ftrongly-eleftrified, we" fee-very
bVight.Sparks ifllie-from it to .our Finger.
It.feems that Air, in its common State of-
Condenfation, refifts the Egrefs of- the
electric.Matter from Bodies in which'it is
accumulated, efpecially if they are round
antlifmooth, and whea.it forces its Way
it fcems to »come our, as it were, all at
Once, and in a very condenfed Orate, and
therefore it appears very bright. But if
the Air be confiderably rarefied, its Re»
fiftance is-thereby greatly leflened, .and
the eledlric: Matter cannot be acciimu-
Uted in a Body furrounded.by fuch Air,
for in thaf.GaiCi.as faft as it is commu-
nicated to the Body it'will iiTue out from
VAEÍOIVS parts of. it in fmall Streams of a

E 6- faint
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faint Light, as will appear from fome
Experiments t íhall have Occafion to
«nention prefenttyk

Now fmce a folid Body and a Cloudy
when elcftrified in denfe Air, will both
difcharge their Fire in the fame Manner,
that is, fuddenly and. in bright Sparks or
large bright Flaihes, we muft conclude,
from Analogy, that when they are botk
electrified in Air much rarefied, they will
then likewife difcharge their Fire in the
feme Manner, and çonfequently that an
«leftrified Clpud., raifed into ; the higher
^nd rarer Parts of the. Atmofphere, wilj
Difcharge its Fire in continued Streams of
faint Light. And as w,e fomethnes fee
faint Flames of Lightning in a Summer
Evening after Sun-fet, tho* no Clouds ap-
pear ï fq if the Vapours which rife intp
the higher Pact of the. Atmpfphere, thq'
not formed into Clouds,, carry up with
them the electric Matter, th.oy muft dif-
charge iç. in continued Streams of faint
Light, juit as a Cloud would do -, and

Streams of Light in the higher
Parts,
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Parts of the Atmofphcre muft exactly
reprefent to us the Appearance oî an
Aurora Borealis. Any one will readily
perceive a ftrong Refemblance between
the Aurora Borealis and the electric Fire
difcharged from a Body in rarefied Air,
who will make the following Experi-
ments.

Let the Air be almoft exhaufted out
of a Glafs Globe or Cylinder,, and let it
be turned by a Machine and rubbed as
ufual -, the electric Fire will then appear
in the Infide of the Globe, ihooting out
,in various Branches of faint Light, crofs-
ing each other in all Directions, and this
Ljght will fometimes appear tinged with
different Colours -, when the Air is very
much rarefied, the Light appears, white,
and grows more, of a purple Colour as more
Air is admitted into the Globe» [A] I

[A] This Experiment was nrft made by Mr.
ifaivkßte, and has fince been often repeated ;-and
X And tha.t the Aurora Donahs has of lat« h«u
generally iuppofcd to be an eleftrical Phœno.mc-

though I haye. npt met.with any Attempt to
that it i» ft,

found
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found this Experiment fucceed beftwhen
I held in my Hand the Cuihion with
which the Globe was rubbed, and preflèd
it fometimes clofely and.fometimos flightr
ly to the Globe. I found'that a like Ap-
pearance might alfo be exhibited by the
following Experiment. A Cylinder 20
Inches high, and about five in Diameter,,
having a pretty thick Brafs Wire put
thro' the Top, was almoft exhaufted,
then being myfelf electrified j I moved;
my Finger towards the Top of the Wire,
and immediately I faw every Spark that,
came from my Finger divided into a'
Multitude of fmall Streams of Light*
iffuing from the Wire at right Angles to-
it, and in different Directions. When I
took hold of. the Wire I could fee but>
little Light in the Cylinder, fo .found it-
was neceflary-to keep, my Finger af a
fmall Diftance, and let the electric Mat.
ter come to the Wire in fucceffive Sparks. -
J: thought.the Lights' that; ilïucd from the
Wire were brighteft when it was oiled,-
and when the Air was about 30 Times-
rarer than the outward Air, Several Per-

lons



A U R O R A FOREALIS, &c. 105

fcns- aknoft as foon as they faw the elec*
trie Lights compared them to the Ap-
pearance of the Aurora Borealis?, and cer-
tainly thefe two Phenomena refemblc
&ach other entirely, both in the Colours
of their Light, and in the Quicknefs of
their Motions. For when the Air in the
Glafs-Globe was very much rarefied, the
elcotric Lights appeared very white, and;
became more of a purple Colour as more
Air was admitted into the Globe ; juft ib
the long Streams.o£ Light in the Aurora
Borealis are very white on their upper
Parts, where the Air about them is much
rarefied,, and are often of a purple Co-
lour on their lower Parts, which are in
denfer Air. And as in the Globe the
elecTrric Lights appear in greater. Abun-
dance when the Air has a particular De-
gree of Denfity than in other Cafes ; fo
the quick Appearing and Difappearing
of the Streams of Light in the Aurora
Berealipmzy poffibly arife from a Charge
of Denfity in the higher Parts of the At-
niofphere, For where the Air is fo very
thin it may be fubject to very fudden

5 Conden-
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Condenfations and Rarefactions, occa-
fioned by the Motion of the Winds, and
I have obfcrved thofe Lights to appear
and difappear more quickly in a windy
Night than when it was calm ; though
their Courfe or Direction was no ways-
influenced by the Wind.

But the electric Matter appears to be of
the fame kind of Subftance which.forms
the Aurora Borea!is,.a.nd the Tails of Cor
mets, by its having alfo that remarkable
Property of letting the Rays of Liglit
pafs thro* it, without having any Sort of
Effect upon them. And this I found by,
feveral Experiments, for I obferved that
fmall Rays of Light, paffing over iharp

' Points, and by the. Edges of Knives,
from whence, the electric. Matter iflued
abundantly, were affected in the very
fame Manner as when thefe Points and
Edges were not electrified. Having pror
vided a large Pane of Glafs properly
coated on both Sides with thin flieet
Lead, I made two fmall Holes in the
Lead, oppofite to each other, for a Ray

oft
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Light to pafs thro'; and I found this
was no more refrafted in its Paffiige

thro* the Holes, when one Side of the
Glafs was electrified plus, and the other
""»«J, than it was before the Glafs was
ekcbified • at all, or after the eledlric Mat-
tcr was difcharged, which mews that the
Accumulation, or the Abfence of this
Batter no way contributed to encreafe
°r diminiih the refractive Power of the

I found that when Water was
, no Change was made either

its Power of refrafting or refleíling
Rays of Light.

I made many other Experiments of the
Kind, too tedious to defcribe, and

«ley all led me to conclude that the elec-
Matter had no Sort of Effeft on the
s of Light that paflèd thro' it. Since
the eleAric Matter feems to be of the
Nature with that which forms the

BoreaîiSy and abounds much in the
e, and, when it gets into the

г Parts of it, will, by its known Pro-
Perties, exhibit to us an Appearance like

that
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that of the Aurora Borealis, we muft ac-
knowledge it to be.aCaufe really exiiling,
and fufficient to explain this Phienome>
non, and therefore we may afcribe the'
Appearance of an Aurora Bprealis to the
Rifing of the electric Matter into the up-
per Regions of the Atmofphere. The
following Obfervation will ferve further to-
confirm this Opinion. In. our Summer
Months, when the elecbic Matter is fre-
quently dilcharged from the lower Clouds
in Lightning, and fo returns to the Earth,
we fcarce ever fee an Aurora Borealis-, but
at other Times, when it is not ufually dif*
charged in Lightning, it may rife higher
into tfeç -Atmofchere», and will, occafioff
more frequent Appearances of'this Kind»
And this probably is the Reafort wfiy
thefe Appearances are more frequent iff
cold than in warm Climates, the former
being lefs fubjeft to. Storms of Thunder
and Lightning than the latter. InCoim*
tries that lie far to the North, the A&
rora Bore'elis is faid to mine much bright*'
than with us, and to appear almoft ever/
Night.
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As theprecedingConfiderations feem to

make it probable that the Tails of Comets
confift of the fame Kind of Subftance
tohich forms the Aurora Borealis, and that
this is no other than the eleftric Matter ;
lihall afilime this as a Principle, and try
'f I can from thence account, in fome
^leafure, for the Рпжлотепоп of Co-
met's Tails, and in doing this I fliall have
an Opportunity of making fome Obferva-
tions which may ferve to ihew a further
liefernblance between thofe three Subftan-
Ees that I have compared together. The
Earth, and all Bodies near it, contain
$ipre or lefs of the eleftric Matter, and
íbo* it may b« accwnuJatcd in fppie Bqn

dies, and diminiibed in others, we cannot
^зе íure that any Body may be totally de*
frived of it, but on the contrary have
great Reafon to think it can neither be ira-
treafed nor diminiflied in any Body be-
yond a certain Degree -, we m«ft therefore
fuppofe that it is contained in all Bodies
to our folar Syftem. Some Bodies, fuch
as Glafs, Amber and others, that are called

attraft and retain this Matter
more
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more ftrongly than thofe do which are
called Non-EleRrics, for an eleflric Bod/
will draw this Matter from one that is not
cledtric, againft which it is rubbed, and it
will alfo flop the eleitric Matter in its
Progrefs from one Body to another, and
therefore an eleetric Body is called a Non*
conduiïor, in Oppofition to other Bodies
thro' which the eleotric Matter readily
pafies. But we find that any Body, even
the moit eleftric, if Jufficiemly heated,
will become a ConduSlor, or will let the
eledtric Matter pafs from it very eafily»
and therefore we conclude that Heat dif-
pofes all Bodies readily to part with the
cleétric Matter they contain, and we have
an Inftance in the Tourmalin Stone that
•fome Bodies will always throw off an elec-
tric Matter merely by being heated. Now
when a Comet comes down towards the
Sun, from Regions of extreme Cold, and
begins to acquire fome Degree of Heat, it
will, like other Bodies, be difpofed to pari
with the eleftric Matter, which it may
poifibly contain in great Abundance, ana
this Matter, when thrown ofi^ will exhibic

to*
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to us the Appearance of a ihining Train
as it does in the Aurora Borealis -, and as
the Comet comes to its Perihelion, and the
Heat incrcafes, this Matter will iffue more
Abundantly, and the Train or Tail will
increafe in Length, till upon the Comet's
receding from the Sun the Heat will de-
cn?ale, and this Matter being pretty much
exhaufted, the Tail will be contracted in
its Dimenfions, and at length will be too
far removed, and grow too faint to be ob-

•fcrved.

Asa Comet is expofed to vaft Extremes
'*f Heat and Cold, Light and Darknefs,
^e may well fuppofe it to be uninhabited,
and if 10, it is not neceiTary that it fliould
turn different Sides to the Sun, but may
always keep the fame Face towards it, as
the Moon keeps the fame Face towards
the Earth, and indeed it muft do fo if its
Figure be that of an oblong Spheroid.
Now the electric Matter which rifes from
*Ь.е Earth goes off into the colder Regions
°f the Atmofphere, and in a Direction
Dearly Qppofue to the Sun, and I believe

we
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we have no Inftance of what we call the
Aurora Borealis appearing between thé
Tropicks. Why then Ihould not this
Matter take the fame Courfe in its1 Pro-
grefs from the Head of the Comet, and
fly off from its dark Hemifphere, where
its Atmofphere is colder and clearer, and
where the Vapours are thin, and, rifing
more gradually, will give it an Opportu-
nity of rifing along with them; whilft on
the other Hemifphere, which is expofed
to the Sun, the Vapours muft rife very
thick, and form Clouds which may inter-
cept the electric Matter in its Progrefs»
and collecting it together may return it
back to the Head of the Comet in Light-
ning, as our Clouds in hot Countries re-
turn their electric Matter into the Earth'
Befides as we find that the electric Matter
pafles off from a Body where it is rougb
or pointed, much more readily than where
it is round and fmooth, fo it is poffiblß
that the Hemilphere of the Comet, which
is turned from the Sun, may be fo formed
as to part with the electric Matter more
readily than the other, which is turned t<r

wards
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Awards the Sun, and in whatever Direction
*he electric Matter is thrown off from any
Body, we find it continues to move with
ittimenfe Velocity, as I obferved in the
Streams of electric Matter which iflued
ftotn the Wire in the exhaufted Receiver.
J obferved alfo that thefe Streams did not
Brow much thicker as they advanced in
llleir Courfe, either in the exhaufted
^lobe or cylindrical Receiver ; nor did
they feem difpofed to expand themfclves
a&to the Space that furrounded them, but
^ent ftraight forward, juil as a Ray of fo-
**t Light would do. And thus the Mat-
Ier which iflues from a Comet proceeds
?4 the fame Direction in which it is thrown
°fi> and forms that large Column, whicJx
^е call the Tail -, and we fee that the Mat-
ter of which the Tail confifts has very lit-
^'е or no Difpofition to expand itfelf into
the furrounding Spaces -, for the Tail is

much broader towards the End than
the Head of the Comet. Tliis I
is a moft extraordinary Property,

b°th of the electric Matter and of that
forms a Comet's Tail, and which

is
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js a further Argument for concluding
them to be of the fame Nature, for they
both fly off from the Body, in which they
are, with great Velocity, which feems to
argue a repuliive andexpanfive Force, and
yet they proceed as the Rays of Light do
without expanding themfelves laterally
into the Spaces thro' which they pafs.

And this remarkable Property feems
well worth attending to, in all our En-
quiries concerning the electric Matter.
At prefent we are fo little acquainted
with the true Nature of it, and fo igno-
rant of the Subftance which -forms the
Body of the Comet, that it is not to be
expected, we mould be able to fay hoV
it can furnilh fuch a vail Quantity of this
electric Matter, or to affign with Certain-
ty the Reafon why the Tail of a Comet
is thrown off from its dark Hemifphere,
in a Direction oppofite to the Sun, ra-
ther than in any other Direction. Future
Experiments and Obfervations will either
confirm thefe Conjectures of mine, of
fuggeft others more probable ; but
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Tve can only argue by Analogy from the
rifing of the electric Matter thro' the
colder Regions of our Atmoíphere in the
•durara Borealis, that the fame Effect will
take Place in the Atmofphere of a Co-
rnet, and from the fame Caxife, whatever
that may be.

Sir Ifaãc Newton obferves that the
Tail of the Comet which came to its
Perihelion on die eighth of December*
1680, appeared about the Middle of Ja-
nuary following to be bent into a Curve.
Now as the Tail was convex towards
thofe Parts which the Comet moved, this
Bending might fcem to ariíè from its
meeting with fome refilling Matter i but
this Curvature was much lefs than vvliat
Would ariie from a refilling Matter denfer
than the Tail, and whole fuperior Gra-
vity would be able to raife it up from
the Sun ; for he tells us that on the rth
°f January, when the Tail was 40 De-
grees long, its Chord, or a Line drawn
from the Head of the Comet to the Ex-
tremity of its Tail, made an Angle of

F only
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,only 8 Degrees with a great Circle pair-
ing thro' the Sun and Comet. But that
this Curvature was not owing to any re-
fifting Matter appears from hence, that
the Tail muft be b.ent into a Curve tho*
,it met with no Refiftance ; fpr it could
^ot be a right Line, unlefs all its Particles
were projected in parallel Directions, and
,>vith the fame Velocity, and unlefs the
Comet moved uniformly in a right Line.
But the Cpmet moves in a Curve, and
^cach Part of the Tail is projected in 3.
Direction oppoiHe to the Sun, and at the
fame Time partakes of the Motion of
ihe Comet ; fo that the different Parts of
the Tail muft move on in Lines which
diverge from each other ; and a Line
jirawn from the Head of a Comet to the
Extremity of the Tail will be parallel tp
a Line drawn from the Sun to the Place
•where the Comet was, when that Part of
the Tail began to afcend, as Sir Ifaac ob-
ferves ; and fo all the Chords, or Line?
drawn, from the Head of the Comet to
the intermediate Parts of the Tail, will
be refpectively parallel to Lines drawn

fron?
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from the Sun to the Places where the
Comet was when thefe Parts of the Tail
'began to afcend. And therefore, fince
thefe Chords of the Tail will be of dif-
ferent Lengths, and parallel to different
•Unes, they muft make different Angles»

a great Circle paffing thro* the Sun
Comet, and confequently a Line

Paffing thro' their Extremities will be
* Curve.

It is obferved that the convex Side of
the Tail which is turned from the Sun is
'better defined, and ihines a l i t t le brighter
than the concave Side. Sir Ifaac accounts
ior this by faying, that the Vapour on the
Convex Side is freiher (that is, has af-
«ended later) than that on the concave
Side, and yet I cannot fee how the Par-
ticles on the convex Side can be thought
^o have afcended later than thofc on the
concave Side which may be nearer to the
Head of the Comet. I think it rather
looks as if the Tail, in its rapid Motion,
*net with fome flight Refiftance juft fuffi-
«ient to caujfe a fmall Condcnfation in

Г z that
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that'Side of it which moves foremoft,
and which would occafion it to appear a
little brighter and better defined than the
Other Side j which flight Refinance may
arife from that fubti le ^ther which is
juppofed to be difperfed thro' the celeilial
Regions, or from this very electric Mat-
ter difperfed in the fame Manner, if it be
different from the Д^Ьег. Here I muil
obferve that the convex Side of the Tail,
which is turned from the Sun, being
brighter than the other Side, affords an
additional Argument in Favour of what
I have aflertcd, that the Tail does not
fliine by reflecting the Sun's Light. And
this leads me to fay fomething of that
luminous Quality which we obièrve in
the electric Matter, and by which I fup-
pofe the Tails of Comets to ihine.

The Writers on Electricity tell us that
the electric Matter carries off from Bo-
dies certain fubtile Particles of a fulphur-
ous inflammable Nature, which it kindles
as foon as they are difengaged from the
Body, and thence it Ihines. And this

Account
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Account is proved from its inflaming
other Bodies, fuch .as warm Spirits, and
from that fulpluirous Smell which always
attends the electric Matter, and which
any one will perceive from his Hand, if
he receives the ekcbic Sparks on it for
fome Time, and the fame Smell is more
ftrongly perceived in Places that have
been ftruck by Lightning. Now thefe
Jnflammablc Vapours which often abound
*n the Air, being carried up by the elec-
tric Matter, and kindled in the higher
''arts of the Atmofphere, will caufe it to

and appear to us in the Aurora Bo-
That the electric Matter can kin-

the inflammable Particles that it car-
off from Bodies, in Air highly rare-

fied, or even in vacua, appears from its
Dining in the upper Part of the Barome-
ter) in which is the moil perfect Vacuum
^ can make.

But perhaps it may be faid, that with-
°ut having llecourfe to the electric Mat-
tcr> we might fuppofe the Comet, or a
6reat Part of it, to confift of fome very

F 3 combuftible
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combuftible Matter which may take fife
by a fmall Degree of Heat, and blaze
out in fuch Abundance as to occafion
the luminous Appearance we call the
Tail. And this Hypothefis may appear
at firft Sight more natural and prpbable
than the one I have fuggefted ; yet I
imagine it will not be found fo, if we
examine it attentively. For if the Co-
met were to take fire and blaze out a»
burning Bodies do with us, the Elafticity"
of the Flame might indeed raife it to
fome Diftance from the Body of the Co-
met, but then it would rift equally on аи
Sides, or rather to a' greater Height off
the Side next the Sun, where the Heat i*
greateft. And a Flame of this kind
could not be carried up in a Direcliort
oppofite to the Sun, unkfs it were by th<5
fuperior Denfity and, Weight of forrtf
furrounding Medium- which gravitate»
towards the Sun ; juft as we find the
Flame of burning Bodies is raifed up*
wards by the Preflure of the furrounding
Air, But I have ihewn, in the former
Part of this Eflay, that a Medium denfet

and
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heavier than the Tail muft refift and
Retard its Motion much more than that
of the Comet, and therefore could never
permit the Tail to move foremoft as it
Sometimes 'does, but muft caufe it always
to fall behind, • and- confequently to ap-
pear as direfted' towards the Sun when-
the Comet has pafled its Perihelion, and
Ь retiring from the Sun. So that in or-
der to' account for- the conftant Afcenc
of this luminous Matter in a Direction
öppofite to the Sun, we muft have Re-
Courfe to- forne< Medium that has no fen-
fible Gravity, and that is apt to move in
tome particular Direction from the Body
>U wbich it is, and with fuoh Velocity as
to carry, the burning Matter to a vaft
Öiftance from the Comet before it is en-
tirely confumed. Now I believe we do
Bpt know of any Medium that has thcfe
Properties except that which we call the
Heebie Matter. For it feems no more
affe£ted by the Force of Gravity than the
Rays of Light are, and when it moves
frcely it is apt to go on in the Direction,
^ which it fet out, as I obferved before,

F 4 and,
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and then it moves with fuch; a Velocity a»
we cannot meauire, for it has been found
to pafs thro' a Wire two Miles and a half
in Length, as it were, inftantaneoufly,.
This Medium therefore feems not only
capable of kindling fuch fubtile inflara,-
mable Particles as it meets with in the
Comet, but alfo of carrying them off,
before they are confumed, to the vaft
Diftance to which the Tail fometimes
extends..

Where the inflammable Particles are
quite confumed, the Tail of the Comet
muir end ; and the elecbic Matter will
afterwards be invifibly difperfed thro' the
planetary Regions, where it may be .gat
thered .up by the. Planets in their Courfes
round the Sun. Fpr.firuce we find this
kind of. Matter placed in-all Bodies by-
the W-ifdom of Providence, we muft
conclude it is neccfiary for carrying on
the .feveral Operations of Nature ; and
we k now'it is very apt to efcape from
Bodies by its great Subtilty and repelling
Force. Wb.lec it riics from the Earth

into-
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into the Atmofphere, and is probably-
going off from thence when it appears in
the Aurora Borgalis. In like Manner it

•niay fly off from the other Planets^ and
be continually expanding itfelf from the
•Center of our Syftem beyond the Orbit
„of Saturn. So that it may be necefiary
.Ù Ihould be brought back again and dif-
perfed among us by the Comets. And it
feems to me more probable that Comets
Were intended for this Ufe, than for that
pf fupplying the Planets with Moifture,
as Sir Ifaac Newton thought.-'- His Opi-
nion was founded on a Suppofition that
all Vegetables have their Growth and In»-
creafe entirely from Watçr, and that fin.ce
they do not turn again into Water but
into Earth, there muft. be a cpniinual
Decay of Moifture, and therefore afreíh
Supply of it muft be neceffary frojrt time
to time.* But this Suppofition does not

fecm

,,* Nam Vegetabilia omnia-ex Liquoribua emnine
^cfcunt, dein magna ex parte in Terrain aridum
per Putrefaftioncm abeunt, et Limiis ex Liquori-
°Us putrcfaflis perpituo. deciJit. Hinc mMcs

Г s Ttrr*
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feeïn to have been fufficiently grounded
on Experience. For, fiwee Sir ïfaac
wrote, Dr. tiPoodward) an ingenious Phy-
fician, made feveral Experiments on Wa-
ter and Vegetables growing front it. He
•fhews that all Water contains an earthy
Matter, and concludes : * It i« evident,
« that Water is not the Matter that com-
« pofes vegetable Bodies -, but is the A-
* gent that conveys that Matter to them^
* that introduces and diitributes it to the
' feveral Parts for their Nourjihment.
* Where the ряорег terr'eftrial Matter is
* wanting, the Plant is not augmented,
* tho' never fo much Water afcends into-
* it.** This is alfo the Opinion of Dr»
froerbaav^ and he affirms from his own
Experience, that pure elementary Wâtetf
cannot, by repeated Diftillations, or other-
wife, be converted into Earth.f So that

Terrs áridas indica augetur, '& Liquor«, nifi
ftliunde augnicntum fumèrent, perpetuo decref-
cere debercnt, ac tandem defkere.

Principia, Pag. 515. Edit. zda.

* Pbilof. Tratifailions, No. 253.

f Elcmviít of Clymiflry, part 2d,
there
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there feems to be no Neceffity for fup-
pofing a gradual Decay of Moifture in
any of the Planets. Befides, if the Co-
mets were intended to fupply the Planets
with Moifture, none of them could ferve
for this Purpofe more than once, but
m uft afterwards become ufelefs, tho'tljey
return regularly in their Orbits, which is
,iiot. agreeable to the (Economy of Na-
ture. For when the Heat of the Sun
had driven all the-Moifture it could from
a Comet in its Perihelion, where fhould
it afterwards get a freih Supply ? We
can fcarce fuppofe the Planets to lofe any
Möiftnre by Evaporation, as no Vapours
can rife above their Atmofpheres. Or
even if any very thin Vapours, Steams
or Effluvia of a moift Nature ihould arifc
from them, they could not have Heat
and Elafticity enough to expand them-
felves very far. But the electric Matter,
from its vaft Subtilty and Velocity, feems
capable of malting great Excurfions from
the planetary Syíknv, ándthereforçthefe-
yeral Comets in theirlongExcurfions from
the Sun, in all Diredlions, may overtake

I' 6 this
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this Matter; and attracting it to them-
fclves may come back replete with it,,
and being again heated by the Sun, may
difperfe it among the Planets, and fo
keep up a Circulation of this Matter,
which we have Reafon to think is necef-
fary in our Syilem.

Sir Ifaac, after giving his Opinion that
the aqueous Particles thrown off from
Comets are taken up by the Planets as a
Supply of Moifture, adds : ' I fufpect
* moreover, That that Spirit which is the
' leaft, but the moft fubtile and the beíí
' Part of our Air, and is necefiary for
* fupporting the Life of all Things,
* comes chiefly from the Comets :'* which
ihews that he thought the Tails of Co-
mets might confift of ibmething more
than watery Clouds and Vapours. What
he meant by thefc Words I cannot fay,
but I think they are extremely applicable
to that kind of Matter which I have fup-

. * Porro fufpicor Spiritum ilium qui Аепэ
noflri pars minima eft, fed fubtiliffima & optima,
&. ad rerum omnium vitam requiritur ex Comecis
prœcipuc venire^ Principia, Psg- í i s-

poled
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pofed comes to us from the Comets j and
with which our Air generally abounds.

I ihall now recapitulate, in a few
.Words, the Subftance of what has been
/aid. As the Tail of a Comet, tho' ex-
ceedingly rare, yet meets with no Refift-
ance in its rapid Motion round the Sun,
.(except fo flight a one as can only caufe a
very fm all Condenfation on that Side of
it which moves foremoft, and thereby
rriay make it a little brighter than the
other Side) it cannot poffibly move in a
Medium denfer and heavier than, itfelf,
and therefore cannot be raifed up from

,the Sun by the fuperior Gravity of fuch
,a Medium. And fmce the Tail is not ca-
pable of reflecting or refracting the Light
.pf the Stars, it cannot fliine by reflecting
•*hc Sun's Light ; and confequently does
Hot confift of Clouds or aqueous Va-
pours, but is itfelf a Ibining Subftance,
the Nature of which it is the Bufinefs of
fhilofophers. to difcover. And from what
•Aftronomers fay of the Splendor of Co-
*n?t's Tails, I am perfuaded they do not

ihine
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íhine with fuch a dull Light, as would be
reflected to us by the Clouds or'Vapours
at Ip great a Diftance, but with a briíker,
tho' a glimmering Light, fuch as would
arife from a very thin volatile burning
Matter. And hcre-1 muft not omit an
Obfervation of Dr. Hallty\ which feems
very much to my Purpofe. In his De-
fcription of the remarkable Aurora Боге-
alis feen in England in the Year 1716,
(which I mentioned before) fpeaking of
the great Streams of Light, he fays :
They fo much refembled the long Tails of
Comets, that at frß Sight they might well
be taken for fuch. And afterwards, This
Light feems to have a great Affinity to
that which the Effluvia of elefiric Bodies
emit in the Dark.* From whence we find
that this accurate Obferver perceived ft
Refemblance between thofe Subftance«
that I have been comparing together.
Now I have ihewn that they agree re-
markably, not only in their Appearance,
but alfo in fuch Properties as we can

• Piile/. franfaaiens, No. 347,
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ferve in each of them, and therefore I
have fuppofed them to be Subftances of
the fame Nature. I have alfo endeavour-
ed to fhew that the electric Matter, from
itslcnown Properties, is capable of exhibit-
ing to us all the Phenomena of Comet's
Tails, and« that we may from thence
affign the Ufe of Comets with more
Probability than has hitherto been done.

I have been lefs fcrupulous of pro-
pofmg fuch Conjectures as occurred to
Ше concerning the Subftance that forms
the Tail of a Comet, as I confidered that
though they íhould hereafter appear
groundlefs, as very poffibly they may, yet
others by examining them, and compar-
ing them with future Experiments and
Obfervations, may probably be led to
the Difcovery of fomething on this Sub-
ject that will be more fatisfactory. And I
think every Hypothefis relating to the
Effects of the electric Matter, if at all
plaufible, may have its Ufe, by inducing
Us to make further Enquiries into the

and Properties of that Kind of
Matter»
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Matter, from a Knowledge of which Г
fufpect our future Improvements in Na-
tural Philpfophy will chiefly arifej ef-
pecially in that Part of it which relates
to Fire and Heat, the Nature of which
is at prefent but little known.
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^PRINCIPLES OF MECHANICK.S,

this Eflà'y I mean to offer
fomc Remarks on the Mfr»
thods that have been* com-

monly ufed in treating of thofe Engines
that are called the Mechanick Powers *
and to give an Account of the Principles

on

* This Eflay was rend at a Meeting of the
&oy»l Society oh the »ift and ajd of April 1765,

in a Letter, dated 13 July i;6a,
to
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on which, I think, we may beft explain,
their Nature and Maßner of Acting.

The- many ufefnl Inftruments that
have been fo ingeniouily invented, and
fo fuccefs'fully executed, and the great
Perfection to which the Mechanick Arts
are now arrived, would naturally incline
one t<y think that .the true Principles on
which 'the Efficacy and Operations of
the feveral Machines depend, muft long
fince have been, accurately explained. But
this is by no Means a neceflary Inference ï
for, however Men may differ in their
Opinions about the true Method of ac-
counting for' the Effects of the feveraï
Machines, yet the practical Principles of
Mechahlcks; are fo perfectly known by
Experience and Obfervation, that the Ar-
tift is thereby enabled to contrive and ad-
jaft'.the Movements of his Engines with

as-

to Matthew Rapir, Efq; F. R. S. of Thtrhy, in
Htrtßräjhire. VUt Phil. Tranfaftions. Vol. LIU1
—[In which fome Improvements have been fmcc

by the Author.]



OF M E C H A N I C K S. 13$

^s much Certainty and Succefs as he
«ould do, were he thoroughly acquainted
"with the Laws of Motion, from which
*hefe Principles may be ultimately deriv-
ed. However, though an Inquiry into
the true* Method of deducing the prac-
tical. Principles of Mechanicks from the
Laws of Motion, mould perhaps not
contribute much to promote the Progrefs
of the Mechanick Arts, yet it is ,an En-
ЯШгу in itfelf ufeful, and in fome Mea-
fare necetfary ; for, fince late Authors
.have ufed very different Methods of treat-
iftg this Subjed, it may be fuppofcd that
fio one Method has been looked upon as
utisfaotory and'Unexceptionable. I mould
^hcrefore wifh to contribute towards hav-
lng this Subject: treated with more Accu-
racy than has been hitherto done.

*_ The moil noted Theorem in Mecha-
nicks is this, " When two heavy Bo-

dies counterpoife each other by Means
°f any Machine, and are then made

'- to .move together, the Quantities of
" Motioa
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•*<'Motion with which one cîefçends and
•** the other afcends perpendicularly will
" be equal." An ^Equilibrium always ac-
companying this Equality of Motions»

: bears fuch a Refemblance to the Cafe
wherein two moving Bodies flop each
other when they meet together, with
•equal Quantities of Motion, that man/
Writers have thought that the Caufe of
an ^Equilibrium in the feveral Machines
.might be immediately affigned by faying»
that fmce one Body always lofes a»
much Motion as it communicates to
another, two heavy Bodies counteract*
ing each other muft continue at Reit»
when they are fo circumftanced that
one cannot defeend without caufing the
other to afcend at the fame Time, and
with the fame Quantity.of Motion j for
then ihould one of them begin to defeend,
it muft inftantly lofe its whole Motioil
by communicating it to the other.
Argument, however plaufible it
feem, I think is by no. Means fatisfacbry»
for when we fay that one Body
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•ni'cates Jts Motion to another, we muft
neceflarUy fuppofe the Motion to exift
ifirft in the one and then in the other^ but
in the prefent Cafe, where the two Bodies
are io connected that one cannot poffibly
begin ro move before the other, the de-
fending Body cannot be laid to commu-
nicate it? Motion to the other, and there-
by make it aicend:' But whatever we
ftould fuppofe cau.fcs one Body to de-
fend, muit be alfo the immediate Caufe
<of the other's afcending, fince, from the
•Connexion of the Bodies, it muft aft
•Upon them both together, as if they
•Were really but one. And therefore,
without contradicting the Laws of Moti-
>on, I might fuppofe the fuperior Weight
°f the heavier Body, which is in itfelf

than able to fuftain the lighter,
overcome the lighter, and caufe

it to afcend with the fame Quantity of
Motion wjth which the heavier dcfcends i
•Specially as both their Motions, taken
•together, may be lefs than what the Dif-
ference of .the Weights, wbjch. is here

fuppofed
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fijppofed to be the moving Force, would
be able to produce in a Body falling
freely.

However, as the Theorem abovemen-
tioned is a very elegant one, it ought
certainly to be taken Notice of in ever/
Treatife of Mechanicks, and may ferve
as a very good Index of an ^Equilibrium
in all Machines ; but I do not think
that we can from thence, or from any
one general Principle, explain the Na-
ture and Effects of all the Mechanick
Powers in a fotisfaftory Manner, becaute
fome of thefe Machines differ very much
from others in their Structures, and the
true Reafon of the Efficacy of each of
them, is beft derived from its particular
Structure.

The fimple Mechanick Powers are ufa'
ally reckoned fix ; the Lever, Axle an"
Wheel, Pulley, Wedge, inclined Plane»
and Screw. I fhall confider thefe M*'
chines feparately, and ihall explain the

Natur«
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and Property of each of them,
by ihewing from its Structure what
Weight it will enable any given Force
to fuftain.

The Lever is confidered as an inflexi-
ble Line, void of Weight, and move-
^ble about a fixed Point called its Ful-
<rum or Prop. The Property of the
Lever, exprefled in the moil general
Terms, is this ; " When two Weights,
u or any two Forces, act againft each
" other on the Arms of a Lever, and are
u in JEy.iilibrioi they will be to each
" other inverfly as the perpendicular or
4 íhorteíl Diftances of their Lines of DU
" redtion from the Fulcrum"

This Proposition contains two Cafes,
for the Directions of the Forces may
cuher meet in a Point or be parallel to
cach other. Moil Writers begin their
^ernonftration of this Propofition with

e fécond Cafe, which feerns to be the
and from which the other may

G be
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be deduced by the Refolution of Forces.
Archimedes, in his Dernonftration, fets
out with a Suppofition, the Truth of
which may reafonably be doubted : For
he fuppofes, that if a. Number of equal
Weights be fulpendecl from the Arm of
â Lever, and at Points equidiftant from
each other, whether all thefe Points be
«t the fame Side of the Fulcrum, or fome
of them on the oppofite Side, thefe
Weights will have the lame Force to turn
the Lever as they would have were they
all united and fufpended from a Point
which lies in the Middle between all the
Points of Sufpenfion, and may be con-
fidered as the .common Center of Gravity
of all the feparate Weights. Mr. Huygens,
in his Mifcellamous Obfervations on Me-
cbamcks, iays that fome Mathematicians
have endeavoured, by altering the Forni
of tliis Demand-ration, to render its De-
fecb Icfs fenfible, though without Suc-
cefs. He therefore propofed another
Proof, which is extremely tedious and
prolix, and alfo depends on a Poßulatunt

that,
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that, I think, ought not to be granted
on this Occaiion ; i; is this : " When
" two equal Bodies are placed on the
" Arms of a Lever, that which is fur-
" theft from the Fulcrum will prevail and
" raife the other up." Now this is taking
it for granted, in other Words, that a
fmall Weight placed further from the
Fulcrum will fuftain or raife a greater one.
The Caufc and Keafon of which Fact
'nuit be derived from the Demonilratron
that follows, and therefore this Demon-
ftration ought not to be founded on the
liippoled Self-evidence of what is partly
the Thing to be proved.

Sir Ifaac Newton's Demonftration of
this Propofition is indeed very concile,
but it depends on this Suppofition. That
tyhen from the Fulcrum of a Lever lèverai
Arms or Radii iflue out in different Di-
reftions, all lying in the fame vertical
Plane, a given Weight will have the

Power to turn the Lever from
Arm it hangs, provided the

G 2 Diltancc
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Diilance of its Line of Direction from
the Fulcrum remains the fame. Now it
mull appear difficult to admit this Sup-
pofition, when we confider that the
Weight can exert its whole Force to turn
the Lever only on that Arm which is
the fhorteft, and is parallel to the Hori-
zon, and on which it acbs perpendicu-
larly, and that the Forces which it exerts,
or with which it aits perpendicularly, on
any one of the oblique Arms, mull be
inverfly as the Length of that Arm,
which is evident from the Relolution
of Forces.

Mr. Macïaurin^ in his View of Newton's'
Philofophy, after giving us the Methods
by which Archimedes and Newton prove
t'ie Property of the Lever, propofes one
of his own, which, he fays, appears to
be the moil natural one for this Purpolb
From equal Bodies, fullaining each other
at equal Diftances from the Fulcrum^ he
ihews us how to infer that a Body of one
Pound (for Inilance) will fuftain another

of
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Of two Pounds at Half its Diftance from
.the Fulcrum, and from thence that it will
iiîilain one of three Pounds at a third Part
°f its Diftance from the Fulcrum; and go-
ing on thus, he deduces, by a Kind of Induc-
tion, what the Proportion is in general be-
tween two Bodies that inflam each other on
the Arms of a Lever. But this Argument,
were it otherwile fatisfaólory, yet us it
cannot be applied, when the Arms of
the Lever are incommenfurable, it can-
,not conclude generally, and therefore is
imperfect.

There are fome Writers on Mecha-
•nicks who, from the Compofition of
Forces, demonftrate that Cafe of the ge-
neral Propofition, relating to the Lever,
in which the Directions of the Forces are
oblique to each other, and meet in a
Point : But I do not find that they have
bad any other Way of proving the fécond
Cafe, in which the Directions of the
Forces are parallel, but by confidering
tliefe Directions as making an Angle

G 3 with
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•with each other, tho' an infinitely fmall
one, or as meeting at an infinite Dif-
tance; which Way of Reafoning is not
to be admitted in Subjects of this Kind,
where the Proof Ihould always ihew us,
direetly from the Laws of Motion, why
the Conclufion muft be true, in fuch
manner that we might fee clearly the
Force of every Step from the firft Princi-
ples down to the Ccnclufion, which we
are prevented from doing when any fuch
arbitrary and inconfiilent o'uppofition is
introduced.

From thus confidering the various
Proofs that have been given of this fun-
damental Propofition in Mechanicks, we
may fee the Reafon why many fubfequent
Writers have appeared difiatisfied with
the former Demonstrations, and have
looked for new ones ; I fliall now pro-
pofe two Methods of demonftrating it,
merely from the Compofition and Refo-
lution of Forces. The Propofition may
be exprcffed as follows,

" When
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" When three Forces aft upon an in-
" flexible Line, whether ftraight or crook-
" ed, and keep it in &quilibrio, any
" two of them will be to each other in-
" verfly as the perpendicular Diftances
"of their Lines of Direction from that
u Point to which the third Force is ap-
" plied."

Let the three Forces E, G, F, (Fig. 2.)
ait upon three Points Л, B, D, in an in-
flexible Line; and firft Jet the Directions
of the Forces E and F (which ait on the
fame Side of the Line) meet in the Point
C. Then it is evident that the Force,
which is compounded of thefe two, rnuft
a& upon thç. Line A B D in the-Divcítion
of a right Line that paflbth through the
Point C, confequently the Force G,
which fuftains this compounded Force,
muft be equal thereunto,, and muft adb
in a contrary Direction; therefore the
Force G muft aft in the Direftion of the
Line С В. From the Point В draw B H
and В К perpendicular to the Directions

G 4 çf
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of the Forces E and F, and draw B M
and B N parallel to tliefe Directions
forming the Parallelogram B M C N ;
then, íince thefe three Forces are in JEqui-
librio, they muft be to each other refpec-
tively as the Sides and Diagonal of this
Parallelogram to which their Directions
are parallel, therefore E is to F as C M,
to C N, or M B, that is (becaufe the
Sides of a Triangle are as the Sines of
the oppofite Angles) as the Sine of the
Angle, M B C or its alternate one,.
B C N to the Sine of the Angle B C M ^
but, making С В the Radius, В К is the
Sine of tlit' former Angle, and B H of
the latter, therefore E is to F as В К to
В H. Го that the Forces E and F are fn>

each other iiwerfly as the perpendicular
Diftances of their Lines of Direction
from the Point B, on which the third
Force G acts. Now to compare the For-
ces F and G together ; from the Point
A, on which the third Force acts, draw:
А В and A L perpendicular to the Di-
rections o£ the Forces G and F, then, as

WAS»
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was faid before, F is to G as M B is
to С В, but M B is to С В as A B to
A L ; becaufe, making CA the Radius^
A B is the Sine of the Angle M C B,
and A L is the Sine of the Angle M C N,
Or C M B its Supplement to two right
ones ; therefore the Forces F and G are
to each other inverfly as the perpendicu-
lar Diftances of their Lines of Direction
from the Point A, on which the third
Force E afts ; and thus the firil Cafe of
the Propofition is proved, in which the
Forces act againlt each other in oblique
Directions.

We muft now confider what Parts of
the Forces E and F aft againft the Force
G in Directions parallel to G C, for it is
fuch Parts only that really oppùfe the
Force G, and keep it in ^Equilibria, and
from thence we lhall fee what Proportion
two Forces muft have to each other when
they are \njfiqailibrio, and aft in parallel
Directions. Let the' three Forces act
•upon the Points А, В and D, (Fig 3.)

G k-t
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let them be in MquiUbrioy and their
Lines of Direction meet in the Point C»
as in the preceding Cafe ; then if the
Points А, В and D, are not in a right
Line, draw the Line A D meeting В С
in P, and from P draw P N and P M
parallel to- the Directions of the Forces
E and F ; through the Points A and D
draw Lines parallel to Б С, and thro* B.
draw a Perpendicular to thcfe Lines
meeting them in M and K, from the
Point M draw MO parallel to A D, and'
meeting В С in О. Now the three For-
ces E, G and F, that are in ^Equilibria,.
will be to each other refpectively as the
Sides of the Triangle C M P , as in the
preceding Cafe ; but the Force E, .which»
is. denoted by the Line M C, may. be re-
folved into two Forces acting in the Di-
re&ions M'O aacVG C, the former- of
thefe only urges the Point A towards D,,
and the latter acts in direct Oppofition to •
the Force G ; in like Manner the Force
F, vvhich is denoted by the Line P M,
may be refolved into two Forces acting.

in.-
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in the Directions O M and P O, the
former of which only urges the Point D
towards A,, and the latter acts in direct
Oppofition to the Force G ; now. it is e-
vident that the Force G, which is denoted •
by the Line PC, is iliftained only by
thofe Parts of the Forces E and F, which
act aga'mft it, in Directions parallel to
В С, and are denoted by the Lines О С
and P O, which, taken together, are e-
qual to P C, for the other Parts of the
Forces E and F which are denoted by
M O, are loft, being equal and contrary
to each other ; if, therefore, inftead of
the Forces F and'E, we fuppofe two o-
ther Forces R and L, to act:on the
Points D and A, in Directions parallel
to В С, and to keep the Force G in ^Equi-
libria, it-follows,' from' what has been
proved, that R and L, taken together,
will be equal to-G, and that thelè three
Forces will be' to each-other refpectively
as the Lines P O, O C and P C ; there-
fore R will be to L as (P O to О С, that
is, .as A M to M С, or as A P to P D,

G 6, ос)
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or) H B to B K, confequently the Forces-
R and L are to each other inverfly as the
perpendicular Diftances of their Lines of
Direction from the Point B5 to which the
third'Force is applied. Now to compare
the Forces R and G together ; fince the
Forces R and L may be denoted by B H
and В К,, and are both together equal to<
G> that Force will be denoted by the
•whole Line K H, and therefore R will
be to G as B H to K H ; fo that thcfe-
Forces are alfo to each other inverf ly as-
the perpendicular Diítances of their Lines,
of Direction from the Line of Direction^
of the third Force L ; and thus the fé-
cond Cafe of the Propofition is proved,,
in which the Forces aft againft each o-
ther in parallel Directions., If the Point-
iq the inflexible Line, to which one of!
the Forces is applied, fhould become a,
fixed Point, or Fulcrum, round which,
the Line may. turn, it is evident that the
other two Forces will continue in ÄLqui-
libriut as they were before, and there-
fore the Property of the Lever, in alL

Caies,,
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Cafes, is manifeftly proved by this.
Propofition.

The Center of Gravity of a Body is
faid to be that Point which being fuftain-
ed, or prevented from defcending, the
Body will continue at reft. From hence
it follows, that when a Body hangs freely
from a fingle Point, and continues at
tt e ft,, its Center of Gravity will lie per-
pendicularly under the Point of Sufpen-
fion ; for in that Situation only it will be
fultained, and can defctnd no lower.

From this Property, which agrees
likewife to the common Center of Gra-
vity of two Bodies, joined together by an
inflexible right Line, and which may
then be confidered as one, I íhall Ibew that
their Center of Gravity is a Point in the
Line that joins them together, fo fituated
that the Diftances of the two Bodies from
it are to each other inverfly as their
Weights. This Theorem concerning

Pofition of the common Center of
Gravity
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Gravity of two Bodies, which is я very
noted one in Media nicks, 1 have never,
feen demonftrated otherwifc than by in-
ferring it from the general Property of
the Lever : But I. think the Method I
ihall now propofe of deducing it direct-
ly from the.Definition of the Center of
Gravity, is the moil concife, as well as
the moil natural, and, befides, it wil l .
afford us a very ealy Way of demonftrat-r
ing the Property of the Lever.

Let the two Bodies A and B (Fig. 4.)
b'e joined by an inflexible right Line paiE-
jug through their Centers of. Gravity,
and let .them be fufpended from, the fixed
P.oint or Pin'at P, by the Threads .A P
and B P,. fo that they may hang, freely
in fuch a Poûtion as their joint Gravity
will give them. When thelif Bodies con-
tinue at Reft, their common Center of
Gravity imift lye.direélly under the Point
of Sufpenfion, or in the, perpendicular
Line P L, confequently it muil be at the
Point C, the Interjection of the Lines
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P L and A B ; the Pofition of which
Point,, in the Line A B, will be determi-
ned by finding ouc the Proportion between'
the Segments С A and С В. If the inflex-
ible Line was not interpofed between
thcfe Bodies, they would move till their
Threads coincided with the perpendicular
Line PL; fince therefore they are kept,
afunder by this Line they muft urge it with;
certain Forces in oppofite Directions, and
thefe urging Forces muft be equal, fince
the Line on which they act continues at
Reft -, and therefore the Force with
which each Body urges the other in the
Direction of this Line, may be defloted.
by the fame Letter U, and we may de-
note the Weights of the two, Bodies re-
fpectively by the Letters A and B. Now.
the Body A is ailed upon by three Forces,
viz. by its, Weight A in the. Direction
^ С, by the Force U, with which the
other Body urges it, in the Direction С A,.
and by the Reaction of the Pin in the Dit
Action A P, and fince thefe three Forces
arc in JEqiiilibrioi. and keep the Body, at

Reft,
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Reft, they are to each other relpectively
as the Sides of the Triangle P С А ;
therefore A is to U, as P C to С A. In
like Manner the Body В is urged by
three Forces, viz. its Weight B in the
Direction P C, the urging Force U in
the Direction С В, and the Reaction of
the Pin in the Direction B P, which For-
ces are to each other as the Sides of the
Triangle P С В, therefore U is to В, as
С В to P C, and therefore (ex <eqno per-
turbât с) A is to В, as С В to С А, соп-
fequently the Weights of the Bodies A
and В arc to each other inverfly as their
Diftances from the Point C, which lies
directly under the Point of Sufpenfion,
and is therefore their common Center of
Gravity.

When tv/o Bodies are connected by
an inflexible Line, and this Line is fup-
ported by a Prop, fo that their Center of
Gravity cannot defcend, the Bodies mull
continue at Reft, and will be \n^Eguilibrio.
Therefore it is eafy to fte how, from the

4 Theo-
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Theorem now demonftrated, we may
prove the Property of the Lever in that
Cafe where the Directions of the Forces
are parallel ; and from thence the other
Cafe, in which the Directions are oblique
to each other, may be deduced by the
Refolution of Forces, as is ufually done.
And this is the fécond Method by which
I faid the general Property of the Lever
might be ftrictly demonftrated.

The Lever is the moft fimple of all
the Mechanick Powers, and to it may
be reduced the Balance and the Axis in
Peritrocbio, or Axle and "Wheel. Though
I do not confider the Balance as a diftmft
Mechnj^k Power, becaule it is evidently
no other than a Lever fitted for the parti-
cular Purpofe of comparing the Weights
of Bodies, and does not ferve for raifing.
great Weights or overcoming Refiitances
as the other Machines do.

When a Weight is to be raifed by
Means of an Axle and Wheel, it is faf-

tcned



» 5 б ON THE P R I N C I P L E S

tened to a Cord that goes round the
Axle, and the Power, which is to raife
it, is hung to a Cord that goes round the
"Wheel. If then the Power be to the
Weight as the Radius of the Axle to
the Radius of the Wheel, it will juft'
fupport that Weight ; as will eafily ap-
pear from what was proved of the
Lever. For the Axle and Wheel may
be confulered as a Lever, whofe Fulcrum'
is a Line puffing through the Center
of the Wheel and Middle of the Axle,
and whofe long and ihorc Arms are the.
Radii of the Wheel and Axle which
are parallel to the Horizon, and from,
whofe Extremities the Cords hang per-
pendicularly. And thus an Axle and'
Wheel may be looked upon as a Kind
of perpetual Lever, on whofe Arms
the Power and Weight always aft per-
pendicularly» tho' the Lever turns round
its Fulcrum. And in like Manner, when.
Wheels and Axles move each other
by Means of Teeth on their Periphe-
tits, fuch, a Machine is really, a per-

petual
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petual compound Lever: and, by con-
fidering it as fuch, we may compute
the Proportion of any Power to the
\Veight it is able to fuilain by the Help
of fuch an Engine. And fince the Radii
of two contiguous Wheels, whofe Teeth
are applied to each other, are as the
Number of Teeth in each, or inverfly
as the Number of Revolutions, which
•they make in the fame Time -, we may,
in the Computation, initc-ad of the Ratio
of thefe Radii, put ihe Ratio of the Num-
ber of the Teeth on each Wheel-, or the
inverfe Ratio of the Number of Revolu-
tions they make in the lame Time.

Some Writers have thought the Na-
ture and Effecb of the Pulley might be
beil explained by confidering a fixed
Pulley as a Lever of the firft, and a
moveable Pulley as one of the fécond»
Kind. But the I'nliey cannot properly
be confidered as a Lever of any Kind,
for when any Power fnftains a Weight
by Means of a Syftem of Pullies, that

Powej
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Power will fuftain the fame Weight if
the Pnllies be removed, and the Ropes
be brought over the Axles on which
the Pullies turned. And in this Cafe
I believe no one would fny, that thefe
Axles could be confidered as Levers»
If the Weight was to be railed up, there
•would, in this Cafe, be a very greaC
Refinance from the Friftion of the
Ropes on the Axles ; and it is merely
to avoid this Refiftance that Pullies are
ufed, which move round the Axles with
but little Fridlion. I think the belt
and moil natural Method of explaining
the EfFefts of the Pulley (that is, of
computing the Proportion of any Power
to the Weight it can fuftain by Means
of any Syftem of Pullies) is by confi-
dering that every moveable Pulley hangs
by two Ropes equally ftretchcd, which
muft bear equal Parts of the Weight •,
and therefore when one and the fame
Rope goes round feveral fixed and move-
able Pullies, fmce all its Parts on each
Side of the Pullies are equally ftretched,

the
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the whole Weight muft be divided equal-
ly amongft all the Ropes by which the
moveable Pullies Jiang. And confequent-
ly if the Power which acts on one Rope
be equal to the Weight divided by the
Number of Ropes, that Power mutt fuf-
tain the Weight.

Upon this Principle, the Proportion
of the Power to the Weight it luftains
by Means of any Syflem of Pullies,
Way be computed in a Manner fo eafy
and natural, as muft be obvious to every
common Capacity.

The Proportion which any Power
bears to the refilling Force it is able
to futtain by Means of a Wedge, has
been laid down differently by different
Authors, as they happened to confider
it in particular Caies. Without examin-
ing their feveral Opinions, I mall en-
deavour to exprefs this Proportion in one
general Propofition, which may extend

to
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to the feveral Cafes in which the Wedge
is applied.

Let the sEquicrural Triangle ABC
(Fig. 5) reprefent a Wedge, whofe Bafe
or Back is A C, and Sides are the Lines
А В and С В, and whofe Height is the
Line B P, which bifects the vertical
Angle ABC, and alfo, the Bafe per-
pendicularly in P. When a Power is ap-
plied to the Wedge, in order to overcome
or remove any refilling Forces, it acta
perpendicularly on the Back of the
Wedge, and the refilling Forces act on
its Sides, and they are always fuppofed
to act in Directions that make equal An-
gles with the Sides. When the refilling
Forces and the Power, that acts on the
Wedge, are in ^Equilíbrio, the former
will be to the latter, as the Height of the
Wedge to a Line drawn from the Middle
of the Bafe to one Side, and parallel to the
Direction in which the refitting torce acts
on that Side.

Let
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Let E and F reprefent two Bodies
'or two refitting Forces acting on the
Sides of the Wedge perpendicularly, and
whofe Lines of Direction E P and F P
•meet at the Middle Point of the Bafe,
on which the Power P aits perpendicu-
larly, then will E P and F P be equal, let
the Parallelogram ENFP be compleated,
its Diagonals P N and E F will bifect each
ether perpendicularly in H. Now when
thcfe Forces (which aft perpendicularly
on the Sides and Bafe of the Wedge) are
in jEquilibriOi they will be to each other
as the Sides and Diagonal of this Parallel-
ogram, that is, the Sum of the reMing
Forces will be to the Power P, as the
Sides E P and F P to the Diagonal P N,
or as one Side E P to half the Diagonal
P H, that is (from the Similarity of the
right-angled Triangles B E P, E H P)
as B P, the Height of the Wedge, to E P
the Line which is drawn from the Mid-
dle of the Baie to die Side Л В, and is
the Direction in which the refitting Force

on that Side.
From
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From the Demonftration of this Cafe,

in which the refitting Forces aft perpen*
dicularly on the Sides of the Wedge, it
appears that the Refiftance is to the
Power which fuftains it, as one Side of
the Wedge AB is to the Half of its
Breadth A P ; becaufe A B is to A P as
B P is to E P.

It appears alfo from hence, that if P N
be made to denote the Force with which
the Power P ads on the Wedge, the
Lines P E and P F which are perpendi-
cular to the Sides, will denote the Force
with which the Power P protrudes the re-
fifting Bodies in Directions perpendicular
to the Sides of the Wedge.

L«t us now fuppofe, in the fécond
Cafe, that the refifting Bodies E and F
aft upon the Wedge in Directions parallel
to the Lines D P and O P, that are e-
qually inclined to its Sides, and meet in
the Point P. Draw the Lines E G and
F К perpendicular to D P and O P '>

then
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making P N denote the Force with
which the Power P acts on die Wedge,
P E and P F will denote the Forces with
which it protrudes the refilling Bodies in
Directions perpendicular to the Sides of
the Wedge, as I obferved before; now
each of thele Forces may be refolved into
Two, denoted refpectivcly by the Linea
P G and G E, P K and K F, of which
G E and K F will be loft, as they aft in
Directions perpendicular to thofe of the
refifting Bodies, and P G and P K will
denote the Forces by which the Power P
oppofes the refifting Bodies, by protrud-
ing them in Directions contrary to thofe
in which they act on the Wedge ; there-
fore when the refifting Forces are In
^Equilibria with the Power P, the former
muft be to the latter, as the Sum of the
Lines P G and P K is to P N, or as P G
is to P H, that is, as P B, the Height
of the Wedge, is to P D * the Line

•drawn

* IP С is to P H a, P B tt P D.] The right-
H angled
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drawn from the Middle of the Bafe to
one Side of the Wedge and parallel to
the Direction in which the refitting Force
afts on that Side.

From what has been demonftrated,
we may deduce the Proportion of the
Power to the Refiftance it is able to
fuftain in all the Cafes in which the
.Wedge is applied. Firft, when in cleav-
ing Timber the Wedge fills the Cleft,
then the Refiftance of the Timber afts
perpendicularly on the Sides of the
,Wedge, therefore in this Cafe, when
the Power which drives the Wedge,

angled Triangles P G E and FED are fimilar,
having the Angle at P common to both ; there-
fore P G is to P E аз P E to P D ; fo likewife the
rightanglcd Triangles РНЕ and P E B are fimi-
lar, and therefore P H is to P E as P E to P B ;
therefore the Rcdanglee P G into P D and P H
into P B are equal, each of them being equal to
the Square of P E, confequently their Sides are
reciprocally proportional, that is, P G is to P H
a« P B to P D.

is
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í$ to the cohefive Force of the Timber,
as Half the Bafe, to one Side of the
Wedge, the Power and Refiftance will
be in

Secondly, when the Wedge does not
cxaclly fill the Cleft, which generally
happens, becnuie the Wood fplits to
•fom,e Di fiance before the Wedge. Let
EL F reprefenc a Cleft into which the
Wedge A IÎ С is partly driven j as the
refilling Force of the Timber muft ait

jon the Wedge in Directions perpendi-
cular to the Sides of the Cleft, draw
the Line P D in a Direction perpendi-
cular to E L the Side of the Cleft, and
meeting the Side of the Wedge in Dj
then the Power driving the Wedge and
the Refiftance of the Timber, when they
balance, will be to each other as the Line
í D to P B the Height of the Wedge.

Thirdly, when a Wedge is employed
to feparate two Bodies that lie together

H 2 СП
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on an horizontal Plane, for Inftance two
Blocks of Stone; as thefe Bodies muft
recede from each other in horizontal Di-
rections, their Refiftance muft act on the
"Wedge in Lines parallel to its Bafe C A}
therefore the Power which drives the
V/edge will balance the Refiftance whett
they are to each other as PA, Half the
Breadth of the Wedge to P B its Height;
and then any additional Force fufficient
to overcome the Refiftance arifmg from
the Friction of the Bodies on the hori-
zontal Plane will feparate them from each
other.

The inclined Plane is reckoned bf
fome Writers among the mechanick Pow-
ers ; and I think with Reafon, as it
may be ufcd with Advantage in raifing
Weights.

Let the Line AB (Fig. 6.) reprc-
fent the Length of an inclined Plane»
A D its Height, and the Line B D v*«1
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may call its Bafe. Let the circular Body
G E F be 'fuppofed to reft on the inclin-
ed Plane, and to be kept from falling
down it by a String C S tied to its Cen-
ter C. Then the Force with which this
Body ftretches the String will be to its
whole Weight, as the Sine of A B D the
Angle of Elevation, to the Sine of the
Angle which the String contains with a
Line perpendicular to A B the Length of
the Plane. For let the Radius C E be-
drawn perpendicular to the Horizon, and
С F perpendicular to A B, and from E
draw E O parallel to the String and meet-
ing C F in О. Then, as the Body con-
tinues at Reft and is urged by, three
Forces, to wit j by its Weight in. the Di-
rection C E, by the Reaction of the
Plane in the Direction F C, und by the
Reaction of the String in the Direction
E O -, the Reaction of die String, or the
Force by which it is ftretchcd; is to
the Weight of the Body, as E O to
C E. ; That is, as the Sine of (the

H 3. Angle
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Angle ECO, which is equal to) A B D

.the Angle of Elevation, to the Sine
of the Angle E O C, equal to S C O,
the Angle which the String contains
with the Line C F perpendicular to
A B, the Leng,th of the Plane.

When therefore the String is parallel
to the Length of the Plane,, the Force
with which it is ftretched, or with which
the Body tends down the inclined Plane,
is to its whole Weight, as the Sine of the
Angle of Elevation, to the Radius, or as
the Height of the Plane to the. Length.
And in die fame Manner it may be ihewn,
that when the String is parallel to B D,,
the Bafe of the Plane, the Force with
which it is ftrctched is to die Weight of
the Body, as- AD to B D, that is, as the
Height of the Plane to its Bafe. If we
fuppofe the String,, which fupports the
Body G E F, to be fattened at S, and
that a Force, by afting on the Line A D,
the Height of the Plane, in a Direftion

parallel
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parallel to the Bafe B D, drives the in-
clined Plane under the Body, and by that
Means makes it rife in a Direction paral-
lel to A D-. Then, from what was prov.
ed in the third Cafe of the Wedge, it will
appear, that this Force muft be to the
Weight of the Body, as A D to B D,. or
rather in a Proportion fomewhat greater :
If it makes the Plane move on and the
Body rife.

From this laft Obiervation. we may
clearly ihew the Nature and Force of die
Screw ; a. Machine of great Efficacy in
railing. Weights, or in preffing Bodies
clofely together. For if the Triangle
A B D be turned round a Cylinder whole
Periphery is equal to B D, then the

.Length of the inclined Plane В A will
rife round the Cylinder in a fpiral Man-
ner-, and form what is called the Thread
of the Screw,, and we may fuppofe it con-
tinued in the fame Manner round the Cy-
linder from one End to the other -, and

* AD
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A D the Height of the inclined Plane will
be every where the Diftance between two
contiguous Threads of this Screw, which
is called a Convex Screw. And a Con-
cave Screw may be formed to fit this ex-
actly, if an inclined Plane every Way like
the former be turned round the Infide of

;a hollow Cylinder, whofe Periphery is
•fomewhat larger than that of the other-
Let us now iuppofe the Concave Screw
to be fixed, and the Convex one to be
fitted into it, and a Weight to be laid on
the Top of the Convex Screw : Then., if
a Power be applied to the Periphery of
this Convex Screw to turn it round, at
every Revolution die Weight wi l l be
raifed up through a Space equal, to the
Dillance between the two contiguous'
Threads, that is, to the Line A D the
Height of the inclined Plane В А ; there-
fore fmce this Power applied to the Peri-
phery, acts in a Direction parallel to B Vr
it muft be to the Weight it: railes as A D

•to В D, or as the Diltancc between two-
conti«:'
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contiguous Threads, to the Periphery of
the Convex Screw -, which Diftance be-
tween two contiguous Threads is to be
meafured by a Line parallel to the
Length of the Screw. If we now fup-
pofe that a Hand-fpike or Handle is in-
ferted into the Bottom of the Convex
Screw, and that the Power which turns
the Screw is applied to the Extremity of
this Handle, which is generally the Cafe ï
then as the Power is removed farther
from the Axis of Motion, its Force will
be fo much encreafed, and therefore fo
much may the Power itfelf be diminiihed.
So that the Power, which, adting on the
End of a<Handle, fuftains a Weight by
Means of a Screw, will be to that Weight,
as the Diftance between two contiguous
Threads of the Screw, to the Periphery
defcribed by the End of the Handle. In
this Cafe we may conlider the Machine as
compofed of a Screw and a Lever, or as
Sir Ifaac Newton expreflcs it, Cunetis a
veiïe impulfus.

Of
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Of any two or more of thefe fimpl*"
•Machines combined together,; all other
Machines, however complicated, are con>
pofed. And their Powers and Manner of
•a<íting may therefore be explained from-
the Principles here laid down.

F I N I S } ,
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L E C T U R E I

О F T H E

Rules of Philofophifmg,
T H E

Eflential Properties of Matter*

And Laws of Motion»

a knowledge of the operations
of Nature, and their caufes, i».
not on^y entertaining to the
mind, but capable of being

Ufefully applied to practice, in providing,
br the eafe and convenience of life -, it
*4uft feemfurprifing that Raturai Philofo-

АЗ, phy
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l>hv fliould have made fo very inconfider-
ajale a. -progrefs iii"the world, as we find it
had 'done aboutTa'Century ago. This muft
liave'been owing chiefiy to the wrong me-
"tho'ds -by'which it'had been cultivated be-
fore r'hat time. For, fi l l rhen, philolo.
phers did not pay a proper attention со
experiments, but employed their fzvgacicy
in inventing fyftems and contriving Hypo-
thefes, by which they might explain the
operations of Nature. They of Jatt'er
times have more wifely chofen to build
ihcir philofophy on the folid foundation
'of. fafts and experience. The method,
which they happily piirfued, conflits in
making a "number of accurate experiments
and obiervations, and from thence collefl-
ing what thofe powers snd principles of
motion are which really obtain in Nature •.
and in explaining the phenomena, or na-
tiirál appearances, from thofe manifeft
principles aflumed as caufes ; and in
proving their explanations to be true by
ihewing, from mathematical reafoning,
that the caufes affigned are adequate to
the effecb' afcribcd to them. Thefe dif-

férer,:
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íSrent methods,,of .'gtylpfophißng,. as one
might reafohably expeft, were attended'
with very different fucccfs. The former
only amufed the world with conjectures
and philofophicai romances, the latter
enlightened it by valuable diftoveries.

THE firft who infiiled orr the neceflîcy
of ufing this method for promoting na^
tnral knowledge was Sir- Francis Bacon,
•who flou rifhed about the beginning of the
hit -century, and mayjuf l ly be reckoned
the founder of experimental philolbphy.
This great man, having taken an accurate
and comprehenfive view of the ftate of
learning as it then flood, foon perceived
the emptinefs of the philofophy that had'
fo long prevailed, which he fays had been
produced merely by the confidence of a
few men, and received and admired only
through the indolence and inattention of
the reit. ,And therefore, in his admirable.
Treaiife on the Advancement of Learning
he propofcs, that men ihould lay afide
all former Hypocheie.';, and endeavour to
raife a new ftrudture of philofophy, not

A 4 founded
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founded on uncertain opinions and
cious conjectures, but on truth and expe-
rience. The advantages, that might be
expected by purfuing this method, he fet
forth in fo ftrong a light, that his plan
was immediately approved of and adopted
l?y the Learned in all parts of Europe^ and
lince that time feveral men of great abili-

.lies, and particularly the famous Sir Ifaae
Newton, have cultivated natural philofo-
phy according to his fcheme, and enriched
it with more important difcQverics, than atf
chc foregoing ages can boaft qf. To give
ionic account of thefe difcoveries, and to
exhibit the experiments by which they are
confirmed, is to be the bufinefs of the
following lectures. But before í can pro-»
cced to this it is neçeflary to lay dawn ceri
tain rules, which will be of ufe in direct"'
ing vis how tq deduce general conclyfions
fVorn a, number of experiments, and to
inveftigate caufes from their effects. The
rules delivered for this purpofe by Sir
Цаас Newton, and which he himfelf fo
fuccefsfully applied» are as follow :

R U L E
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R U L E I .

More c auf es of Natural Things, -'are not to
be admitted,, (bah are true ana fußcte/it
for explaining iheir'Pbieriumena.

THAT is, we are not to admit anything
as a caufe whofe exiftence we cannot'nia-'
nifePtly prove by experiments. And then
we m u ft not admit various cuufes of any'
effefts when- one is fufficicnt. For all phi.-
lolophers agree that Nature does nothing
in vain, and that is certainty done in?
vain by more caufes which may be done
by fewer. From hence follows a fécond
rule :

R U L E . I I .

Of Natural E/efis of the fame Kind, tfa
fame Caufes are to be aj/igned, as far as-'
can bt done.

As, for inftance, the fame canfe mult
be afiigned, of refpinition in a man and1

in other animals, of the defcent of heavy-
bodies in different parts of the earth, of
light in a culinary fire and in the fun, of

'A • t he
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thé refleétion. of Ijighjt irjthp earth and in
the planets.

R U L E IIP.

Übe Qualities 'of Bodies, which cannot be in'
creafed or diminijhed, and that agree to
allßodies on which Experiments can be
made, are to be reckoned as Qualities of
all "Bodies ivbatfoever^

THUS if it be evident, from experi-
ments and aftronomical obfervations, that
iall bodies near the earth gravitate towards
it in proportion to their quantity of mat-
iter, that the moon alfo gravitates towards
;tbe earth, and the waters of our iea to-
wards the moon, that the planets and the

ifun gravitate towards each other mutual-
ity, that comets, in like manner gravitate
towards the fun -, and if the gravity of
bodies on which we can make experi-

an neither.be .increafed nor dirrú'
5 v/e muft by this rule pronoun^

that; gravity, or a mutual tendency to-
wards each other, is a quality of all bo*

whatfoever,
R U L E



L E C T U R E ' I . i i

R U L E I V .
In Experimental Pbilofopby, Proportions col*

Ie£led from the Phenomena by induction'
are to be deemed, notwitbßanaing contrary
Hypothefes, either accurately true, or very
nearly fo -, until other Phenomena occur,
by ivbicb they may be rendered either more
accurate, or 1глЬ1е to Exceptions.

THE meaning of this rule is, that,
againft propofitions founded on fads and
experience, we are not to admit any ex-
ceptions that are fallen merely from Hy-
pothefes, or metaphyfical confidcrations,
which we know have often mifled philo-
fophers in their inquiries,, and- feldom
have been of any ufe to them.

THESE rules of philofophifing, and
indeed all our attempts to enquire into
the caufes of natural things, depend en-
tirely on this fuppofition -, that the Uni*
verfe hath been produced by the Will of
an infinitely powerful and wife Agent,
and that therefore all events, not depend-
ing on the will of man, are the.effeíls of
certain eftabliihal caufes, made to aft nc-

Д.6 conling
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cording to regular laws, the very beft that
could be deviféd, for preferring the whole
frame of Nature in the ftate we now ob-
ferve it to be. For in this cafe only can
we hope to arrive at fome knowledge of
thofe general caufes, and their manner of
aéting, by carefully attending to the
phenomena. Could we once fuppofe
the Univerfe to have bten the effeól of
chance, any endeavour to find out the
ca.uíès of the common operations of Na-
ture, or the laws by which they are regib
lated, would be a vain attempt, and quit«
ipconfiftent with fuch an Hypothecs.

BUT experience fully evinces the truth
of our firft fuppofuion. For philofophers,
directing their refearches by the foregoing,
rules, have difcovered, and plainly proved
that the phenomena, or natural appear-
ances, are effected by the moft fimple and
general caufes, made to aft with all the
conftancy, regularity and ufefulnefs, than
could beexpedted in the works of perfect
Power,Wifdom and Goodnefs. They have
alfo proved that thefe are but fecondary
caufes, and Inch as never could have pro-

duced
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diiced the Univerfe,. out- of Nothing; or-
could even have-.gvveniats^parts>thuvi-'.fif:ft
motions, or reducedJthemiio thé1 or'dër
they are now. in..

SUCH diico,ver.ies^ therefore vmufb a:
mount to a ftricT/ de.mpnftration; that Ш
things were at finft-produced, and ;are^ftill
governed, by the .Will of an ever>--ltv.in£y.
powerful, wife and good Being-, whole
Influence caunot fuffer any diminution,
through the greateft diftance of Ipace,.
or length of time. So that the great,
truths of Natural Religion ar,ir the гаоЛ
evident conclufions, as well as the; hap-,
pieft fruits of Natural Knowledge.
• HAVING given fome account, of .the
methods of philofophi'ing and ehe. :пШ$
we are to obferve, .1 proceed to. cônfiden-
the Properties of Matter, and. firft fuch;
as are efiential to it.

As the intimate Nature, or real ESe-nce.
of Matter,'is unknown to us, wecan^d.er;
fine it only by fuch properties as we take,
to be efiential to it, and without which-
we cannot conceive it to exiit. -I fliallx
.therefore fay, that Matter or Body is. »a;

Subfhance
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Subftance extended, folid and perfe&ty
inactive, or incapable of producing any
change ini its ftate, whether of reft of
motion.

THE idea of Extenfion is To very fimpte
and clear, that any attempt to explain it
would probably render it more obfcure.

SOUDITV is that property by which *
Body is enabled to refill, and abfolutely
prevent all others from coming into its
place, till it has left it. By this property
it is that Body is faid to fill Space, and
upon this is founded the. common Axiom»
that it is impoffible for two Bodies to
be in the fame place at the fame time;
Though fome Bodies, as Fluids for in-
uance,. feeirTto give very little refiftancu
to others» yet this does not arife from
any defeft of folidity ; but from their
parts yielding to the leaft imprefiion»
and therefore being eafily put out of then'
places. For if the moll fluid Body be
prefled equally, on-all fides,, its refiftanco
will then be as fenfible as that of the
hardeft. So likewife, though foft fpong/
Bodies .may be compreflcd into a fmalk5

fpace
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fpacc than they ufually take up, yet they
are nevertheless folid -, for there is always
a certain degree beyond which no force
can comprefs them.

THAT Matter is capable of being put
into Motion, our experience fully teftifies.
We have a power of moving our limbs
according to the determination of our will,
and we frequently fee Bodies communi-
cate Motion to each other by ImpullCi
In what manner Motion is communi-
cated, in the firft cafe,, we fhall probably
never be able to comprehend. In the
fécond cafe, we can eauly conceive the
power of communicating Motion to arife
merely from Solidity. For when a Body
in Motion ftrikes another at reft, which
is not retained in its pkce by fome force ;
fince thefe Bodies, on account of their
Solidity, cannot penetrate each others di.-
mentions, the ftriking Body muft pro-
trude the other, and move it out of its
place. So that the communication of
Motion, in this cafe, arifes. as neceflarily
from the Solidity of Bodies, as their

hav'riig
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having Figure or being divifible, does'
from their extenfioia.

EVERY Body muft be terminated by
one or more furface.s, and therefore all
Bodies miiit have Ibme fort of Figure ;
hence Figurability is reckoned an infe-
parable property of Matter.

EXTENSION. neceiTarily implies Divi-
fibility, for whatever is extended muil
have Parts, and confequemly muft be
divifible into thofe Parts. Diviubility is
therefore . an infeparable property of.
every particle of Matter, however fmall.
Hence we arc neceflarily led to affirm,
that Matter is divifible in infinilum : the
meaning of which is, that any particle
of Matter is capable of being divided
into parts, the number of which may be
greater than any given number. Дв
Lines and Surfaces are extended, they
alfo muft be capable of an endlefs cli-
vifion, as mathematicians have demon'
ftrated (a). •

ALTHOUGH Matter is capable of be-

(л) Tacquet'* Euclid, Lib, iii. Prcf. 17. Cor. 4.

ing
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bg diminilhed without end by a con-
tinued divifion of its Parts, yet we muit
iuppofe that the ultimate and elemen-
tary Particles of which Bodies confift,
are fuch as never were, nor probably can
be divided by any ordinary force. Sir
Ifoac Newton judges (with great appear-
ance of reafon) that Matter in the begin-
ning was formed in folid, mafly, impe-
netrable, moveable Particles -, which are
incomparably harder than any porous
Body compounded of them, even fo
hard as never to wear or break in pieces.
For while the Particles (fays this great
Philofopher) continue entire, they may
compofe Bodies of the fame nature and
texture in all ages. But mould they
wear away or break in pieces, the nature
of things depending on them would be
changed. Water and earth compofed
Of old worn particles and fragments of
particles would not be of the fame na-
ture and texture now with Water and
Earth, compofed of entire Particles in the
beginning. And therefore he concludes,
in order that the nature of Bodies may be

Lifting,
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laftingj, that the changes of corporeal
tilings muit cpnfift only in the various
reparations and new aflbciations and mo-
tions of thefe permanent Particles •,' com-
pound Bodies being apt to break, not in
the midft of folid Particles, but where
thofe Particles are laid together and only
touch in a few Points.

THE third Property, which I included
in the definition of Matter» was its inac-
tivity, by which it not only perfeveres in
its ftateof Reft or Motion, but muft in*
fome meafure oppofe every force that en-
deavours to make any change in its ftate.
For though a Body be in its own nature
quite indifferent as to Reft or Motion, yeo
when it is in either ,of thofe ftates it is
not without fome fort of difficulty com-
pelled ta change it ; and therefore rim ft
exert, as it were, fome Forée to preferve
itfelf in the ftate k happens to be in«
Hence this property of Matter is called
its vis tti/îta, or, more expreffively, its vif-
inertia. And this Force aUody never ex-
ercifes but agãinft fome other which en-
deavours to caufe a. change in its ftate«

Qn
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On which occàfion this Force may be con-
fidered either as a Refiftance or an Impulfe-:
as a refiftance, fo far as, by endeavouring
to perfevere in its flaue, it yields with fome
difficulty to the Force imprefied ; and as
an impulfe fo far as, by yielding with fome
difficulty, it muft make alfo fome change
in the ftate of that Body which imprefiès
the Force upon it. Refiftance is generally
attributed to quiefcent Bodies, ami Im-
pulfe to thofe that are in Motion. As we
cannot conceive the vis inertia of the
fame folid Particle of Matter to be in-
creafed or diminilhed, we muft fuppofe
that it is always the fame in equal Quanti'-
ties of Matter, and therefore that the vis
inertia of any Body is proportional to its
Quantity of Matter.

ON thefe eflential Properties of Matter
is founded the Doftrine of Motion, which
is juftly called the Key of Nature, as
without a true knowledge of that we can
fcarce account for any of her operations.
Nothing therefore could fo much have ob-
ftrufted Philofophcrs in their purfuit of
Natural Knowledge as their forming wrong

notions
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.notions concerning the nature of Motion?
Des Cartes held that all Space was equally
full of Matter, and that there was always
the fame Quantity of Motion in the world ;
both which opinions have fmce been
proved to be erroneous. Even the faga-
cious Kepler, on whofe Aftronomical Ob-
fervations and Difcoveries the Newtonian
Philofophy is built, muft have been in-
evitably hindered from fucceeding in his
various attempts to find out the phyfical
<:aufes of the Planetary Motions, by hi»
having imagined that, from the Inertnefs
of Matter, a Body put in Motion by any
fingle Jmpulfe would foon after flop of

-itfelf, and that therefore it required to
have a force continually impreilcd upon
it to keep up its Motion, which is not at
all neceflary.

The Laws of Motion, or Laws of Na-
ture as they are fometimes called, which
are immediately deduced from the efien-
tial Properties of Matter, are as follow :

L A W
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L A W I .
Every Body muß perfevere in its State of

Reß) or of uniform Refltlineal Motion*
till by fome Force it be compelled to
cbange its State.

Every one will readily allow that я
Body at reft muft for ever continue fo,
unlefs fome Force puts it in Motion. Now
a Body, when put in Motion by a fingle
Impulfe, is not lefs paflive in períèvering
to move than it is in continuing to reft i
for if it be granted that a Body is unable
of itfelf to make any change in its ftate,
it muft be juft as unable to deftroy its own,
Motion, or to caufe any change in its Ve-
locity, or in the Direction of its Motion,
as it is to change its ihape, or. to begin of
itfelf to move from a ftate of reft. Some
Philofophers indeed feem to have thought
that Bodies were naturally more difpofed
to Reft than to Motion -, and probably
they were induced to think fo, by obferv-
ing that all the Motions produced here on
earth gradually decay, and at length ceafe.
But Bodies never ceafe to move without

our
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our being as well able to affign the caufe
of their flopping, as the reafon of their
beginning to move. For when a Body
is put in Motion, we find it does not ftop,
till its Motion is deftroyed by the Re-
fiftance of fome other Body, that it ftrikes
or rubs againft.

L A W I I .
Every Motion, or Change of Motion, in any

Body muß be proportional to, and in the
Direkten of, the Force imprejfed.

FOR fince a Body, by reáfon of its In-
activity, cannot pfoducle its Own Motion,
or caufe any changé therein, it is evident
that whatever Motion or change of Mo-^
tion is generated in any Body, muft pro-
ceed entirely from the Force imprefiedj
and confequently muft be proportional
thereto, and muft likewife be directed to-
wards the fame Part with the Force im-
prefTed.

L A W III.
Reafliofi is always equal to АШоп, ana con*

irary thereto j or in other Words, the
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Afttons of two Bodies on each other art
always equal, and are werted in eppo/ite
DireSJions.
WHATEVER prefles or draws any thing,

is itfelf as much preffed or drawn in an
oppofite direction. If I prefs. a ftone
with my finger directly downwards, I find
my finger as much prefied by,the ftone,
and that directly upwards. If a horfe
draws a load by means of a rope, fmce
that rope is equally ftretched in oppofite
directions, by endeavouring to relax itfc-ft,
it muft urge the horfe towards the load
as much as it urges the load towards the
horfe, and muft as much retard, the pro-
grefs of one as it promotes that oF the
other : for the force which the horfe ex-
erts would carry him to a greater diitance
in the fame time, were he freed from the
incumbrance of the load, and therefore
às much as his progrefs falls ihort of that
diftance, fo much is he in effect drawn
back by the réaction of the load.

As the Laws of Motion cannot be pro-
perly confirmed by Experiments, until I
bave treated of thofe Powers or Qualities

3 of
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of"Bodies, which we confider as the hn,
mediate caufes of their feveral Motio'ns,
I lhall employ the remaining1 part of this
Lefture in explaining fome terms which
will frequently occur hereafter ; and in
laying down the method of computing the
Proportions which the Velocities of Bo^
dies, and alfo- their Forces' and Quantities
of Motion--bear to each other.
• VELOCITY is that affection of Motion
by which a- Body defcribes a certain Space
in a certain Time. For if I am afked,
what the Velocity of a Body is in any
particular cafe ? ï muft anfwer by telling
the Space which that Body will defcribe in'
a certain Time. And the Velocity, in that-
cafe, is always fuppofed to be uniform.

THE Velocity of a Body is faid to be1,
equable or uniform, when it continues1

the fame forth e whole time during which*
the Body moves. And here it muft be"
obferved, that whenever I fpeak of the'
Velocity of'a moving Body, that Velocity'
is always fuppofed to be uniform, unlèfi
it is exprefsly faid to be otherwife.

IN computations relating to Forces',"
6 Motions,
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^Motions, Times, Velocities, or Spaces
•dcfcribed, we generally have occafipn to
confider the Proportions of thefe Quan-
tities to each other, and not the abfolutç
Quantities themfelves* Therefore in fuch
computations, when any two of thefe quan-
tities are compared together, we may fub«
ftitutein their places any other t^vo Quan«
tities which have the fame Proportion to

л each other, and which may be of a more
convenient kind, fuch as Numbers, Lines,
or Rectangles j and then thoie Quantities
arefaid to be denoted or eXprefled by the
others that are fubftituted for themi And
therefore when one of thofe Quantities is
fold, tobe multiplied or divided by ano-
ther, the meaning is that the Quantities
by which they are refpeftively exprefled,
are multiplied or divided one by thq
Qther : as when the Velocity of a Body is
feid to be multiplied into the Time of its
Motion, it is meant that the Numbers or
Lines, that exprefs thefe Quantities, are
Multiplied by each other.

W H E N one Quantity fo depends on
Bother that it always encreafes or dimi-

B nifties



' аб L . E C T ' U R E . I .
niíhes in the fame Pjoporçtion) in/which
that other js increafed q^4imÍHÍfhed,n0íiC
of thefe Quantitiesijsiaidto bedu^uly"**
the other;, or direftly; proportional, t p t h u
other. This manner of expreffion is ufed
for the fake of brevity, for though buí
two Quantities are exprefled, yet four at
leaft are always underftood, and the eX-
preffion implies, that if each of the two
Quantities be compared with another oE
its own kind, each of them will have the
lame Proportion to the one with which
it is .compared. For inftance, when *
Body moves for any given or determined
Time, fuppofe a minute, it is evident thac

the Space it defcribes in that Time, will
be greater or Icfs in Proportion as ,its

Velocity is greater or lefs, and therefore
the Space defcribed in that Time is íàid
to be direftly as its Velocity ; and this
implies, that if .two Spaces defcribed in'
equal Times be compared, they will have
the fame Proportion to each other as the
two Velocities have, wherewith they were
defcribed.

\VHEN one Quantity depends on two
others
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ûthers -jointly, fö' 'that it'increafès:or cíí«
wittnbèsln1 the Tame Proportion hi which?'
cither 'of therri is;íncredfed or diminifh'cd,"
Wile the 'other remains unvaried ; then;
î f they are both varied, it will increafe or'
dfrninifh in the fame Proportion in which
tlie product of thefe Quantities is increa-
fcd or diminiihed : for it is evident that
the product of thefe two Quantities de-
fends on them jointly, in the fame man-
ner that the firft Quantity was faid to do,
becaufe it increafes or diminiihes in the
Jaihe Proportion in which cither of them
ls increafed or diminiihed, while the other
^oiains unvaried : and therefore, when
^Quantity depends on two others joint-'
% in the manner above-mentioned; it will

direftly proportional to their pro.
To illuil-rate this by an example,

pace which a moving Body defcribes
?epends on its Velocity and the Time of
^Motion jointly : for it is evident that
"e Space it defcribes will be proportional

^0 its Velocity, when the Time of its
rçmains the fame, and to the

of its Motion, when its Velocity
В г remains
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remains the fame. Therefore in all cafe*
the. Space which a.Body..defcribes !wi»
be directly из the prodüft which arl-
fes from multiplying its Velocity irito
trie Time of its Motion. Or, to exprefs
this more fully, if the Spaces defcribed
by two Bodies be compared together,
they will have the fame proportion t°
each other which the two Produits have,
that arife from multiplying the Velocity
of «ach Body, into .the Time of its Mof

фд, And theiè Produits will be denoted
eithcr by two Numbers, or two Reft*
angles, according as. the Velocities af*
Timeswer.e denoted by NqmbersorLines-
Now as the proportion of any two 'l^ro*
dfjílí in,Numbers, or of two Reflangle5'
is compounded of the proportions °*
thpir r.efpeilive Fuftprs, or of thcii; reïpec'
tive Sides} fo the Spaces defcribed'^У
uniform Velocities are commonly faid &
;be to each other in a proportion con1'
pounded of the proportions of the
louties and of the Times of the
tion.

WHEN one Quantity fo depends
4
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Another, that-it increafcs in the fame
jM-oportion in which that other is dimir

niilied, and diminiihes in the Tame pro-
portion in which that other is iricreaied •,
tpne of thefe Quantities, is faid to be in-
verfely or reciprocally proportional to
the other. For inftance, when a Bod)
defcribes any given or determined Space,
k is evident that the time, in which k
defcribes this fpace^ will increafç or dimi-
nilh in the fame proportion in which it«
velocity is diminiihed orincreafed. There-
fore in this cafe» the time of the Body'*
Motion is faid to be iriverfely j^e "its
Velocity, and its Velocity is faid to be
inverfely as the Time of its Motion. Or,
to exprefs the fame thing more fully«,
when two Bodies defcribe equal Spaced
the Times of their Motions, when com-
pared together, are to each other in the
inverfe proportion of their Velocities ; that
15, the Time of the flower Body's Motion
is to the Time of the fwifter Body's Mo*
tion, as the Velocity of the fwifter Body
to the Velocity of the flower.

WHBN one Quantity depends on two
B others
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a' jointly -in 'fuch' niannér that 'it 'я

directly pi'oportion'al to the firft, when
• the 'fécond -is unvaried,-' • and ; inveríeiy
•proportional "to f the 'fécond- when- the
firft' is unvaried j then, if they are both

'varied, this Quantity-will be directly as
the quotient, which arifes from dividing
•the firft of thefe iwo Quantities by the
"fécond, For it is evident that the quo-
tient of thefe two Quantities depends on
them both, in the fame manner that
the firft-mentioned Quantity.was faid to
do. Becaufe the quotient of any two
Quantities is directly proportional to thi
rdividerid when the divifor is unvaried,
ana' inverfely proportional to the divifor
vhen the dividend is unvaried. For iri'
ftancej the Velocity with which a Body
moves is directly as the Space it de-
fe.ribes, when the Time of its Motion
is. unvaried, and inverfely as the Time
of its Motion, when the Space it dc-
fcribes is unvaried ; therefore when the
Space which a Body defcribcs, and the
Time of its Motion, are both varied, it*
Velocity will be directly as the Quotient

which
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•.Which tarifes,í,from .Dividing the, Space
;it,defçripes by the i Ti 414.: of its Motion.
Qr, to.exprefs this more fully,,the Velo-
cities of; two moving Bodies, whefl com-
»pared together, will be to each other, di-
-reélly as the Spaces they defcrtbe di-
vided by the refpedtive Times of their
•Motion. , Now as the Proportion of any
two Quotients is compounded of the
.direct Proportions of the Dividends, and
*he inverfe Proportion of the DiviforS",
So the Velocities of two Bodies are com-
monly faid to be to each other in a Pro-i
iportion compounded of .the direcliPro-
portion of the Spaces defcribed, and the
inverfe Proportion of the Times of their
Motion. . . . 1 •/•; : . i

> b l - HAVE chofen to illuftrate thefe të.
veraL methods of expreffing the Propor-
tions: of Phyfical Qiiantities, by. apply1»
ing them,to the Quantities of Velocities^
•Times, and Spaces, becaufe our ideas of
them are moft clear and fimple, and tliey
*rc fuch Quantities as occur moft fréi.
.quently in philofophical and aftronomicü
computations.i

В 4 I S H A L V
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I SHALL now, from what has been faid,

ihew how we are to -compute the Pro-
portions which the Quantities of Motion
or Forces of moving Bodies have to each
other.

THE Quantity of Motion, or momen-
tum, of a Body is that Force with which
it moves. And this muft always be pro-
portional to the Force, of that Jmpuliu
which is able cither to produce or de»
ftroy its.Motion ; for a Body cannot of
itfelf produce its own Motion, or make
any alteration therein, and therefore what-
ever Motion it has muft be proportional,
to the Force that produces it. Now if n
certain Impulfe or Force imprefled on a
Body, be able to give it a certain Velo-
city, then an Impulfe of a double or
triple Force muft produce a double or
triple effect-, that is, muft give the Body
a double or triple Velocity, and there-
fore in general the Velocity with which
one and the fame Body moves is pro-
portional to the Force imprefled -, but
the Force with which that Body moves
is alfo proportional to the Force impref-

fcd»
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fed, and therefore rmift be proportional
to its Velocity. But further, as the Forcé
of a Body in Motion is compofed of thd
Forces of all its Parts, which move with
the lame Velocity that the whole does,
it is evident that the Force of a moving
Body nmft' be proportional to the num-
ber of its Parts, that is, to its Quantity
of Matter, while its Velocity is the famé.
Since therefore the Forces of moving
Bodies are clireftly as their Velocities

, when their Quantities cf Matter are
equal, and dircftly as their Quantities
of Matter when their Velocities arc equal,
it follows, from what waâ faid before,
that their Forces will , in all cafes, beto
each other as the Produits which arife
from multiplying their Quantities of
Matter into their rcfpeetive Velocities.

HENCE it follows, that if the Forcés
of two Bodies be divided by their re-
fpedive Velocities, the Quotients will tx^
preis their Quantities of Matter, or if
their Forces be divided by their refpec-

4 tive Quantities of Matter, the Quotients
cxprefs their Velocities. This mult

В 5 appear
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appear evident, when we confider that
the Force or Quantity of Motion in eacli
Body is exprciTed by the Produit of its
Velocity multipliai inço i ts 'Quanti ty of
Matter, and that when the Product of any
two Quantities is divided by one of them,
the other will be the Quotient.

IT follows, from what has been proved,
that two Bodies will move with the fame
Force if their Velocities be to each other
inverfely as their Quantities of Matter.
For in that Cafe the Products will be
equal, which aril« from mul t ip ly ing the
Velocity of each body into its Quantity
of Matter. If therefore two Bodies be
given, however unequal in their Quanti-
ties of Matter, they may be made to move
with equal Forces ; by making the Ve-
locity of the JeiitT Body exceed that of
the greater, in the fame Proportion in
which the Quantity of Matter of the
greater exceeds that of the leflèr.

L E C T U R E
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Several Kinds of Attraction,

And particularly of Coheiion.

the eflcntial Incrtnefs of Mat-
A ter precludes all inanimate Bo-

dies from having any Aftivity
of their own or Propenfity to

change their State, whether of Reft or
Motion ; the various Motions of fuch-'
Bodies, in the fcveral Operations of Na-
ture, muft arife from certain Forces im-'

В б preflcd
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prefled up.on them by their Creator, either
immediately, or by means of fecomlary
Caufes, which ultimately muft be actu-
ated by Him.

THE Nature of thefe Forces muft now
be çoníidered; and we ihaU find that the
whole bufinefs of Philofophy conflits,
Firfl, in proving the Exiftence of thefe
Forces from fiich fimple and obvious
Effefts as cannot well be afcribed to any
other immediate Caufc.

SECONDLY ; in difcover-ing the laws
according to which thefe Forces are made
to act, by carefully attending to the Na-
ture of their Efíedts.

THIRDLY j in afluming thefe Forces
as Principles or Caufes, and from thence
explaining the feveral Phenomena ; al-
ways proving our Explanations by ma-
thematical. Reafoning, or other juil me-
ijhods of arguing, founded, on the eflbn-
tiai Properties of Matter and Laws of
tylotion.

FOURTHLY j in endeavouring to in*
veitigate the Caufes,, from whence thefe
Fqrçes immediately arife, and in dedu-

cing
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cing Caufes froin Effecb, till we come1

to the ' very firft Canfe, which certainly
is not mechanical, that is, cannot corifift
in any Properties of Matter or Motion.'
And though every true ftep in this Phi-
lofophy do« not bring us immediately to
the knowledge of the firil Caufe, yet it
brings us nearer to it, and on that account
is h igh ly to be valued.

I S H A L L now briefly enumerate the
principal Forces by which Bodies arc
ailed upon, and afterwards treat of each
of them in their order, and the lèverai
Phenomena that arife from them.

FIRST; The Particles of Bodies, efpe-
cially of luch as are hard, m u ft be made
to cohere or {lick together by Ihme cer-
tain Force, fince a confidenblc l-'otre is
nect'flary to feparate them from each other.
For if the parts of a Body continued to-
gether merely from their vis inerti.e, and
becaufe they are at reil among them-
felves, (as fome have imagined)' it could'
not then require a greater Force to fepa*
rate them from each other, than it does te
move the'whole Body from its placei

So
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So that the vis inertia of Matter can
never caufe the parts of Bodies to flick
together, and confequently fome Force
muft be imprefied upon them to pro-
duce this effect, which Force is called the
Attraction .of Coheßon.

SECONDLY ; If I let a Body go from
my hand, tho' I do not give it any 1m-
pulfe, yet it will immediately move to-
wards the center of the Earth -, and if
it be projected in any direction oblique
to the Horizon, it will not move on uni-
formly, and in a right line, as it ought
to do by the firll Law of Motion, but
will be made to move in a curve till it
reaches the Earth ; which plainly Ihews
that fome Force continually acts upon it,
to turn it from the rectilineal Courfê,
which it would otherwife purflie. This
Force is called Gravity, or the Attraction
of Gravitation.

THIRDLY ; if a load-ftone and a piece
of iron be fufpended near each other,
or made to float on water, they will
Approach towards each other, and ftick
together, when they come into contact.

Tv/0-
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Two pieces of iron, properly rubbed on
a ioad-ftone, will alfo come together in
the fame manner, and in fome Cafes
they will recede or fly from each other
and from the Magnet ; which ihews that
a Force then takes place, that is of a
contrary nature to the former One.
Thefe two Forces are called Magnetic
AttraRion and Rcpulfion.

FOURTHLY ; if amber, glafs, or wax
be rubbed briikly with a piece of dry-
leather, any light Bodies near them will
be firll drawn towards them, and then
repelled from them. The Forces which
aft in this Cafe aie called Eleïïric At-
traEtion and Repulfion.

THOUGH the bed Philofophers have
agreed in calling thefe Forces by the
names of Attraction and Repulfion, yet
they intend thereby only to denote cer-
tain Caufes or Powers, whatever they
are, that produce well known Effecbs,
and not to exprefs the Nature of thefe
Caufes or the Manner in which they ope-
rate. And as there is a manifeil conve-
nience in having names for thefe general

CiUlfes
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Caiifes which muft be fo often mentioned»
to objeftto the ufe of thefe words.) as fome
have lately done, is but difputing merely
about names, and could arife only from
not knowing the proper fenfc in which
thdë words are to be taken. We mny
allô conlîdcT thcle Forces, till their Caiifes
arc found out, as Powers or Qualities
with which Bodies have been endued for
carrying on the Operations of Nature.

THE Attraction of Cohefion, tlio' it
has but very little efleft, even at fmall
diitances, yet is fufficient to make the
Parts of Bodies, when brought into cloTe
contact, unite firmly together. Thus if
two plates, made of any Matter that takes
a fine poliih, be prefled together, they
will ediere with a fenfiblc Force, and
much more itrongly if they be moiiiened
by any liquid which excludes the air, and
fills up their fmall fcratches and ine-
qualities.

Tins kind of Attraction appears re-
markably in thofe Bodies that are tenu--
cious or vifciil, liich as wax, pitch, of
bird-lim», which, being foft, arc eafity
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brought into clofe cohtaél with other
iiodics, and adhere ilrongly to almoft
every thing they touch : and when a
Body is very foft and viicicl, if it be
ilretdud out, it will run back again and
cornruc'l: itfelf into a narrower compafs,
•which plainly fhews a tendency of the
parts to each other.

The particles of Fluids, tho' fo eafily
feparated, are not entirely void of this
kind of Attraction, for the drops of all
Fluids affect a round figure, -which muft
arife from their particles running to*
gether fo as to be all contained within
the fmallcft dimenfions, as they are when
the drop has a fpherical fliape ; in like-
manner two drops of water or clean
Quickfilver, when brought into contact^
run immediately into one drop. When
a fmall quantity of Quinkfilver is poured
°r» Paper, its drops ftill retain their jfphe-
rical ihape, which fliews that the At-
traction of its Particles to each other is
f° great that their weight is not able to
Aparate them, and make them fpread
°ver the Paper as a drop of Water

would



42 L E C T U R E I I .
would do : but if the Quickfilver be laid
on any clean metalline Body (except Iron)
it will fpread upon its Surface, its Parti-
cles being more attracted by the Mcxta]
than by each other.

THE Attraction between Fluids and
hard Bodies will further appear from the
following obfervations.

WATER always rifes fomewhat about
the fides of the veflel in which it is con-
tained, and if the veiTel be very narrow
the furface of the Water will be vifibly
concave towards the middle. The fern«
thing will happen when Mercury is con-
tained in a veflel made of any metal
that attracts its particles more ilrongly
than they do each other ; but in other
yeflels the Mercury will be deprefled
round the edges, and convex in the
middle, its particles being more attracted
by each other than by the fides of the
veflel. Water riles in the like manner
round a Glafs Bubble that floats on its
furface, and when the vefiel is narrow,
as the Water is concave towards the
middle, it muft rile higheft between the

Bubble
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Bubble and the fide of the vefiel nearéft
to it -, therefore the Attraction of the Wa-
ter, being ilrongeft on that part of the
Bubble, will make it move towards the
fide of the veiTel, which it will do with
an accelerated Motion. I know this has
been afcribed to an Attraction between
the Bubble and the fide of the vefiel,
but that cannot be the cafe, for the
Bubble, when it floats freely on the Wa-
ter, will not be in the leaft affcfted by
the Attraction of a Glafs Tube, or any
other Body, tho' held almoft in contait
/with it ; but if the Glafs Tube be dipped
ill the Water, the Bubble will imme-
diately run to it ; which fhews that it is
afFefted only by the Attraction of the
'Water, which then rifcs between it and
the Tube. Befides, if the veflel be filled
till the Water rifes a little above the edge,
the Bubble will quit the edge and move
towards the middle, where the Water is
then higheft. And if two clean Glafs-
bubbles float near each other, they will
come together, becaufe the Water rifes
higher between them than it does on their

oppofite
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oppofite fides : bur if the Bubble-, by
grcafed, ib that tlic Water may not rife
about them, they wil l net aj)pi-oacli each
other ; for the Attraction of the Bubbles
thernfelves is too weak even at fimll dif-
tances to bring them together, and over-
come the refinance they meet with in
moving through the Water : indeed when
the floating Bodies are very large, their
Attraction may be able to overcome this
refinance ; and accordingly we f ind thaC
large mips floating near eacli other in *
calm, are with difficulty kept from coming
together.

ALL thefe Phenomena, which are of
the moil fimple kind, clearly point out a
certain tendency in the minute particles
of Matter to each other, and confequently
prove thecxiftcnce of lome Force which
muft be the caufe of this tendency ; and
tho' we do notdifcover the nature of this-
Force, or its manner of acting, yet, hav-
ing proved its exiftcnce, we may afllune
jt as a natural principle of Motion, and
proceed from thence to explain other
thasnomfina of a more (implicated na-

turff



L E C T U R E I t . 4 5

ture than thofe.before mentioned. Thus
we may on this Principle account for the
rifing of Fluids in Capillary Tubes, and
for other effecTs of the l ike kind.

W H E N the orifice of a fmall Glafs
Tube, open at botli ends, is dipped in
Water, the little Ring or fmall annular
Surface of Glafs that lies on the infide of
the Tube, and juft over the Orifice, will
ftill draw up the Water that lies immedi-
ately under iv, and moke it afccnd into
the Tube, and every Plate of Water, as it
is drawn in, w i l l raife up that which lies
above it, until the weight of the Water
raifed is able to count'-rbalance the Force
by which the Attracting A n n u l u s endea-
vours to draw in more Water : if the
Orifice of the Tube be .^г of an inch in
diameter, the Water will rife to the height
of about.'. of an inch, and then remain
fufpended. The thin Plate of Water that
lies .juft over the lowed Annulus, and
every other Plate of the elevated Water,
mull be drawn both Upwards and down-
wards with equal Forces, becaufe it has
equal attracting Surfaces above and below

it.
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it, and therefore the whole Column of
elevated W ater, which lies above the low-
eft Annulus, beingdrawn equally in oppo-
fite directions, may be confidered as not
at all affected by the Attraction of the
Glafs, and mull preis wi th its whole weight
on the Water which is retained at the Ori-
fice of the Tube, by the Force of that
lowed Annulus that has no other Surface
below it to counteract its Attraction.

FROM this way of reafoning, it feems
evident, that the afcent and fufpenfion'of
Water in thefe Tubes are entirely owing
to the Action of the very loweft Glafs An-
nulus that lies juf l over the Orifice, and
not to that of the A n n u l u s which lies
over the elevated Water, or of any other
part of the internal Surface of the Tube,
as hitherto has been imagined. However,
as what I have advanced is contrary to the
received opinion, it may be necefiary to
confirm it by the following Experiment.

When the Water has afcended into a
finall Glafs Tube, take it up, wipe off the
Drop that hangs at the end of it, and in-
vert the Tube ; the fmall Column of in-

cluded
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eluded Water, being then drawn equally
by the Glafs in oppofite directions, will
defcend by its own weight, and not ftop
till it arrives at the other Orifice ; which
fliews that the Force which keeps it fuf-
pended lies there. And if, while the in-
cluded column is delcending, the loweft
end of the Tube be dipped in Water and
taken up, a linall Plate of Water will be
retained at its Orifice, and the included
Column will remain fufpended ; now this
Column of Water muft, by means of
the intermediate Air, prefs with its whole
weight on the fmall Plate of Water at the
Orifice, and this Plate can be retained
there by no other Force than the Attrac-
tion of the Glafs Annulus that lies juft
wiihin the Orifice of the Tube : and
therefore it appears that this Attraction
alone is fufficient to fuftain, and, confe-
quently, to raiie all the Water that feems
fpontaneoufly to aicend into a Glafs
Tube.

THIS attracting annular furface on the
infideof the tube, is of a very fmall
breadth, bccaufe the action of the glafs

extends
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extends to but a very, fawll diftance, and
as it is, of the fame , breadt-lj» in different
t.ubes, its quantity, or tl)C, atitnber of at-
tracting particles, mull-, be proportional to
the. diameter of the tube ; confequently, in
cylindrical tubes, the quantities of Water
raifed mud be as their diameters ; and
therefore the altitudes of the cylindrical
columns of Water raifed will be inverfely
as their diameters ; becaufc when cylin-
ders are to each other as their diameters,
they muft have their heights inverfely
proportional to their diameters ; and thisi
is the reafon why Waters rife higher in
narrow tubes than in wide ones. But
having meafured, as accurately as I could,
the diameters of lèverai tubes and the:
heights to which the fame fluid role in
each, I found in a great many trials that-
thde heights were not exadly in the in-:
verfe proportion of the diameters, for in
the narrow tubes the Fluid always rofe
higher than it ihould do according to that
proportion.

AND indeed there feems to be a plain
rcalbn for this, for in ,n»rro\v tubes the

oppofite
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oppofite attracting particles, being cloítr
together, act more in conjunction m draw-1

in> up the fluid, and being allo nearer'
to~the middle Parts of the Fluid, they
muft on that account act more forcibly
in raiting and fuftaining it.
' WHEN a drop of Water or any thin

dil, is included in a fmall conical glals'
tube, oj)cn at both ends, it will run with
un accelerated Motion to the narrowed
end, although that end be railed Jòme-
Vihat higher than the other ; the reafon1

of which may be thus fliewn. Let the
* lines А В and C D reprefent the fides
of a fmall conical tube, and let P be a
^article in the included drop, from which
draw P E and P F perpendicular to the
oppofite fides of the tube ; thefe fides
ftuift exert their attracYioni on the par-
ticle P in the directions of the lines P E
*nd P F ; and therefore thefe Forces (as
ftiall be fhewn when I come to treat of
fbe compofition of Motion) will, by their
Joint action, make the particle P move in
the direction of a line P G, drawn thro*

* See fig. ï.
С tlic
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the angle E P F and pointing towards
the fmalleft end of the tube, and conie-
quently the whole drop muft move to-
wards that. end.

FOR. the fame reafon that Water rifes
in finall cylindrical tubes, it will rife be-
tween two glafs planes fet parallel to
each other, and kept at a finall diitance,
aí under. And fince the quantity of at-
traéling glais furfaces will in this cafe be
itill the fame, whatever be the diitance
between the planes, the quantity of ele-
vated Water muft ftill be the fame.
Therefore, in whatever proportion the
diitance between the planes is diminifhed,
the height of the elevated Water muft
be incrcafcd. And therefore, if the -edges
of the Planes are made to meet on one
fide, and the oppofite edges are kept at
a fmall diitance from each other, the ele-
vated Water will have different heights
at different diftances from the concourir
of the Planes ; fo that the furface of the
elevated Water will form a regular curve,
riling from the furface of the Water in
the vdlcl towards the concourfe of the

Planes
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Planes. Let the * line A B reprefent
the conconde of-two glafs Planes, whofe
oppofue edges. at С О are kept at a
finall diftance from each other, and lee
A C be the'fuiface of the Water in which
the lower edges of the Planes are im-
merfed j the curve line K L M N will re-
prefent the furface of tlie Water élevât-
cd between the Planes by their attraólion.
Now if any two columns of this elevated
Water, as D L and F M be taken of
very fmall but equal breadths as D E
and F G, thclè columns will contain
equal quantities of Water, being fuf-
tained by equal portions of the attracting
í lanes-, therefore the heights of their
columns muft be inverfely as their thick-
ncfs, that is D L muft be to F M as the
interval between the Planes at F is to
their interval at D i but thelè intervals arc
to each other as A F and A D, their dif-
tances from the concourfe of the Planes ;
therefore the height^, of any two columns
°f the elevated Water are to each oilier

• See FÍ& 2.

С a inveifdy
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inverfely as their dillances from the con-
courfc of the Planes.

LET two well poliihed Plants of Glafs
be laid together, fo th;it the loweft may be
parallel to the Horizon, and the other
may make with it a fmall Angle of about
a quarter of a Degree -, the inward fides
of the Planes being well moiftened with
any thin Oil, let a Drop of the fame Oil
be put in with a Feather, fo that it may
touch both Planes, it wi l l begin to move
towards their concourfe, for the lame
rcafon that it would move towards the
mrroweft end of a fmal l conical Tube ;
and, notwithftanding the fide where the
Planes meet be fomewhat elevarcd, the
Drop will continue to afcend, unti l the
elevation of the Planes becomes fo great
that the weight of the Drop, which is al-
ways proportional to that elevaiion, will
be fuf f ic ient to counteract the Force by
which lhe Drop is drawn towards the con-
courfe of the Planes.

Now by obferving the elevations of the
Planes that are neceflary to Пор the mo-

tion
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tio n of the Drop when at different dif-
Unces from the concourfe of the Planes, it
bis been found that equal quantit ies of the
Cjlafs Surfaces, taken at feveral diitanccs
from the con.courfe of the Planes, exert
attractive Forces on the included Drop,
that are to each other in the inverte pro-
portion of thofc .diftances ; that is, the
.Force with which the Drop is attracted by
the Planes, when placed at the diftance of
fix inches from their concourfe, is but
one half of the Force with which it
would be attracted at three inches, and
but л fixth part of the force witli which
it would be attracted at the dillance of
pne inch from the concourfe; fuppofing
the Drop not to fpread, but to be ftill
•touched by equal furfaces of the Glafs :
(b) and therefore the Attraction of the

Glafs.

(i) IT is evident that the Quantity of Surface
over which the Drop fpreads mud incrcafe as
the thickncfs of the Drop diminiíhca, that is,
as its diftance from the concourfe of the 1'lnnca
diminiihcs ; therefore 'the fame Drop, at three
inches from the concourfci will fprc.id over double

С 3 lhe
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Glals Surfaces grows greater in the fame
proportion as their diftance from > each
other grows lefs ; confequently, where tlvc
tliftance between them is exceed ing final),
their Attraction muft be exceeding great.

SIR Ifaac Newton, who mentions this
Experiment, in the Queries at the end of
his Opticks, computes, that where the
thicknefs of the Oil between the Planes
is about the two millioneth part of an
.inch, the Attraction will be fo great as
to be able to fuftain, within a circle of an
inch in diameter, the weight of a Column
of Water, two or three furlongs in length,
and where it is of a lefs thicknefa the
Attraction will be proportionally greater,

the Quantity of Surface that it does at fix inchei
from the concourfc. Now experiments mew
thnt the elevations of the' Planes neceflary to
Пор the Motion of the Diop at thcfe diilances
arc to each other ar. four and one, and therefore
the Attraction of the double Surface, at three
inches from the concourfc, is four times greater
than the Attraction of the fingle Surface at &X
inches from the concourfe ; confcqucntly the At-
traftions of equal Surfaces at thofc diftances are
to each other ac two and one.

and
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and wil l continue to increafe until the
thicknefs does not exceed that of a finglc
particle of Oil. There are therefore
agents in nature able to make the par-
tides of Bodies ftick together with very
ftrong attractions.

IN all the experiments already men-
tioned, the Phenomena happen exactly
in the fame manner in vacua, that they
do in the open air -, and therefore they
cannot be owing to the preflure of the
Atmofphere, but muft necefiarily be af-
cribed to fome power which caufes the
particles of the Fluid to tend more to the
Glafs' than to each other. And if any
Fluid be employed in thcfe Experiments
whofe particles tend more to each other
than to the Glafs, the eflefts wi l l then be
the reverfe of the former ones. Now
Mercury is fucli a Fluid, for tho' its
particles are attracted by Glafs (as ap-
pears from their fticking to the back of
a looking-glafs) yet they arc more ftrong-
ly attracted by each other -, and therefore,
when a fmall Glafs Tube is immerfed in
Mercury,, it does not rife fo high within

С 4 the
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the Tube as it is in the veflel : and when
two Glafs Planes, that make л fmall angle
with each other, and ftancj perpendicular
со the .Horizon, are -immerfed to fome
.depth in a veflel of Mercury, it will be
higheft between the Planes where they
are iartheft afunder, and loweft towards
their concourfe ; which is the reverfe of
what happens when Water js included
between thofe Planes.

.IF clean Mercury, well purged of air,
be carefully poured into a clean Glafs
Tube, of about 70 inches long, fo that
i.ts parts may be every where contiguous
jto each otlier and to the Glafs, it, has
been found, upon inverting the Tube,
that the whole Mercury would remain
iufpended. Now the preflure of the AD-
mofphere could only fupport about 29 or
ßc inches of Mercury, and therefore fomc
pthcr agent muft have fuftained the reft,
npt. by preffing the Mercury into the
Glafs, but by making its parts adhere
to the Glafs, and to one another; for
jimon. any difcontinuation of parts, made
«irher by bubbles intervening, or by

ihaking
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íhaking the Glafs, the whole MercUiy
falls down to the' height of 29 or jo
inches.

Ir 'feems! to be by the fame attrac-
tive Force, with which ftmll pipes and
capillary tubes are endued, that ipongcs
and other dry porous Bodies draw in
Water, and the glands in the Bodies
of Animals, according to their feveral
natures and diipofitions, take in various
juices from the Blood, and Plants re-
ceive nourifhment from the Earth i the
fmall Tubes whereof their roots are com-
pofed taking in different juices, accord-
ing to their different conftitutions : ju'ft
as the fame capillary Tube of Glafs acts
differently 4>n different liquors, which
therefore will not all afcend in it to thé
fame height -, for Water, though heavier
than Spirit of Wine, will afcend near
twice as high in the fame Tube, which
Ibews it is twice as ftrongly attracted 'by
the Glafs. It has been alfo obfervcd*
that Tubes made of different Kinds of
Glafs, will attract the fame Liquor with

С 5 different
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.different Forces, and caufe it to afcend
to different, heights,

MANY other Operations, of ,Nature
feem to be carried on merely by. means
of this Attraction that obtains among the
minute particles of Bodies j particularly
moft of the Operations in Chymiftry
feem fcarce explicable on any other
principle. But, as that fubjeét js not
within my province, I mall enter into it
no further than to give fome account of
that common Operation, the Solution of
Bodies in Fluids, which I ihall have oc-
cafion to make ufe of hereafter in ex-
plaining certain Phenomena.

WHEN the Particles of a Body, fur-
rounded by a Fluid, are lefs ftrongly at-
traftcd by each other than by the Fluid,
they muft feparate from each other and
join themfelves to the Particles of the
Fluid, and remain fufpended therein.
Thus various Salts are dilTolved in Wa-
ter, and Metals and other Bodies in the
liquors that are respectively adapted to
their Solution.
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UPON the various degrees of Attrac-

tion between different Subftances dé-
pend almoft all the Phenomena which
Chymiftry exhibits', and therefore it has
been found of great ufe to have Tables
compofed, wherein thofe mutual Attrac-
tions are fet down according to the dif-
ferent degrees in which they are found
to obtain between feveral Bodies. Thefe
are called tables of Affinities or Elcflivu
Attractions ; and as this is a curious fub'
jeft, I ihall illuftrate it by the following
inftance.

WHEN Silver is difiblved in Aqua-
fortis, which is the acid Spirit of Ni-
tre, if Filings of Copper be thrown into
the Solution, the Aqua-fortis'will diflolvh
the Copper and quit the Silver, which
will be precipitated to the Bottom in the
Form of a white Powder : if then Fil •
ings of Iron be thrown in, they will
in like manner be diflolved, and the
Copper will fall to the Bottom. And
laftly, if Salt of Tartar, or any other,
alkaline Salt be thrown in, the Aqua-
fortis will unite with it and dii/nifs the

С б Iron.
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Iron. . This acid Spirit has. therefore л
greater affinity, or a ilronger Attraction
to the alkaline Salt, than to any of
the Metals, and it attracb the Iron,
the Copper and the,Silver with dif-
fercnt degrees of Strength ; and very
ilrong mtift thefe Attrapions be, fince
they are able to feparate from each other
the Particles of fuch hard Metals.

FROM hence we may fee the nature
of that Operation of t u r n i n g Iron into
Copper (as it is called) by laying bars
of Iron in Water that fprings from
a Copper-mine, and which is impreg-
nated with Particles of Copper di f lu lved
in . a mineral acid. 7 his is by j;o
means a t ranfmutat ion of one metal,
into another, but the acid, having я
greater a f f i n i t y wi th the Jron than it
has with Copper, corrodes and diflolves
the Iron, and leaves the Particles of
Copper in its place, which adhere to-
gether in final! fcales ; fo that after
fome t ime the Bar is found incrufted
with Copper, and moil part of the 1гол
is ca. »ai of r by the Water.

THESE
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THESE different ^degrees of Attrac-

tion between thé minute Particles of
Matter feenvto be the immediate caufe
of all the feveral degrees of hardnefs
and foftnefs that we find in different
Bodies i for the ftronger the Attraction,'
the more firmly muft the Particles co-
here, and the harder muft the Body
be which they compole. But how far
hardnefs and foftnds may depend alfo
on the Cue and fhape of the ultimate
and conftitucnt Particles of Bodies, we
íhall probably never be able to deter-
mine, beciiute they are too minute to
fall under tin; cognizance of our fenles.

IN many cafes, when the Particles
are placed without the fpherc of each
other's Attraction, a repelling Force pre-
vails among them -, tor two poliihed
Plate.s of Marble, which by immediate
contait cohere together, are with dirH«A

culty brought into contait : and the ob-
ject-glafies of long Telefcopes lie upon,
one another without touching, as ap->-
pears by the colours which the air be-

tween'
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tween them exhibits. From the fame
repelling power it feems to be that
Flies walk upon the Water without
wetting their feet, and that the. Par-
ticles of dry Powders are with difficulty
made to touch one another fo as to
flick together. The Particles of Fluids,
when feparated by heat, are turned
into an elaftic ftcam, which, if con-
fined and fufficiently heated, will burft
the flrongeit vefiel. This rcpulfive
Force fcems alfo to be the caufe of
the emiffion and rcfledtion of the rays
of light, and of feveral other Pheno-
mena that ihall be taken notice of in
their proper places*

L E C T U R E
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Attraction o f G R A V I T A T I O N .

(ХОЧ T-I E fcfcond kind of Attrac-
T О ti°n I propolcd to treat of

was Gravity, or that Force
which caufcs all Bodies near

the earth, to tend towards its centre ;
and which prevents the earth's rapid Mo-
.tion round the axis from throwing off
the Bodies that lie on its furface, as

it
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it certainly would do, were they not
retained there by fome very potent prin-f
ciple.

As the-drops of all Fluids afTecT:'a
round Figure by the mutual tendency
of their Parts to each other ; fo the
furface of our fea muft be fpherical,
fmce the waters every where tend to
the centre ; and the prominences, of the
land above the ocean, are fo very frnall
with refpeél to the earth's magnitude,
that the whole may be conudered as a
fphere. And inch it muf t appear to a
fpectator placed at a proper difbnce,
juit as the moon appears fpherical to
us, though a good telcfcopc difcovers
greater inequalities on ht-r Surface, than
arc to be met with on the Surface of the
earth.

THE Attractions of Cohefion and. Gra-
vity feem to be general Forces affecting
all Bodies, for their particles cohere to-
gether when brought into clofe coûtait,
and the Bodies themlelves are all equally
affected by the Force of Gravity. There
is however this difference between them,

the
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thfi.coheiion, of Bodies may be diminilV
cd or clcftroyed, and when their par-
ticles are feparattd there is fome natural
Force that makes them repel each other з
•whereas there is not any Body whofe
abfolute Gravity can be in the leaft di-
minimed. This Force by which a Body
tends to the centre of the earth, is com-
monly called its Weight; and the Weights
of Bodies, at equal diftances from the
centre, are always proportional to the
quantities of folid Matter which they
contain : For all Bodies whatever, being
let fall from the fame height, defcend
with equal velocities, provided they meei
with no refiftance from the air j as will
appear from the following experiment.
If a piece of gold and a feather be let
fall from the top of a tall exhauftcd
Receiver at the fame inftant, they will
both come to the bottom at the fame
time.

SJNCE therefore the attractive Force
of the earth caufes аЦ Bodies, that fall
freely, to defcend with the fame velo-

it follows that this Force muft
aft
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aft equally on the particles of all Bodies
whatever i and therefore it muft aft on
every Body in proportion to its num-
ber of Particles, that is, in proportion to
its quantity of Matter or its .vis inertiœ ;
for otherwife it could not caufe all Bo-
dies to move downwards with the fame
velocity. Confequently, the weights of
different Bodies, at equal diftances from
the centre of the earth, or the Forces
with which they defcend freely, or en-
deavour to defcend, are to each other
as their quantities of Matter. The fame
thing may be proved thus ; when Bodies
begin together to defcend freely from a
ftate of reft, their quantities of Motion,
acquired in the fame time, muft be pro-
portional to the moving Forces, that is
to their weights ; but fmce they defcend
with equal velocities, their quantities of
Motion are alfo proportional' to their
quantities of Matter; therefore their
weights are likewife proportional to their
quantities of Matter. Hence it is that:
the quantity of Matter in any Body
may be juítly eítimated by its weight, or

the
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the Force with which it endeavours tb
defcend. '

THE attractive Force of the earth is
found not to аЛ equally on Bodies at
all diftances from its centre. Sir Ifaac
Newton has demonftrated, that this Force
above the furface of the earth dec'rcafes
in the fame proportion that the fquare of
the diftance from the centre increafes -,
that is, the Forces with which the earth
adts on Bodies to put them in Motion,
at different diftances above the furface,
arc reciprocally as the fquares of their
diftances from the centre. So that if
a Body, at the furface of the earth,
(whofe diftance from the centre is
about 4,000 miles) weighs four pound's,
and by the Force of Gravity falls thro'
16 feet in a fécond of time; it will at
double that diftance weigh but one pound,
and will fall thro' but four feet in a
ftcond of time. He has like wife proved
that the Gravity of a Body, at any place
below the furface of the earth, is di-
rectly proportional to its diftance from
the centre ; that is, a Body, which at

the
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the furface weighs one pound, will, with-
in the earth, at the difhnce of two
thouiand miles from the centre, weigh
but half a pound, and at the diftance
of one thouiand miles but a quarter
of a pound, and fo on till at the centre
it lofes all its weight. The attractive
force of the earth, when confidered as
acting differently on Bodies at different
diftances from the centre, is called its
accelerating Force, and is meafured by
the velocity it is able to generate in the
Bodies in a given time.

THO' ftridtly fpeaking the accelerating
Force of Gravity decreafes in the man-
ner above-mentioned, yet where the dif-
tances from the Surface are inconfidera-
ble with refpect to the Earth's Radius,
(as are all the diftances to which we
can project Bodies) the Force of Gra-
vity may be looked upon as equal at
all thofe diitances. And on this fup-
pofition are founded the reafonings of
Gallileo, Torricellius^ Hiygens, and other
Naturaliils, concerning the defcent of
heavy Bodies, and the feveral Theo-

rems
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rems are formed which relate to the acce-
leration of falling Bodies, the fpaces de-
fcribed by them, the times of the full,
and the velocities- thereby acquired.

IF the Force of Gravity remains un-
varied, the Motion of a, Body, falling
freely from a ilate of rell, wil l be uni-
formly accelerated ; that is, the incre-
ments of the velocity wi l l be equal in
equal times. For let us fuppofe the
time of the defcent to be d iv ided into
•л number of equal parts indef in i te ly
Imall •, in each of thde the Force of
Gravity muit make equal impreifions
on the Body to carry it downwards,
and confcquently mull by each impulie
generate an equal velocity in the full-
ing Body ; and lince all the velocities
arc in the f imc direction, the lait ac-
quired mul l be Mill added to the for-
mer, ar.d therefore tlu velocity of the
fal l ing Body wi l l be uniformly accele-
rated.

IT follows allb that, at the end of
any time, the whole velocity generated
»Hill be as the number of Impullcs re-

ceived



7 o L E C T U R E III.»
ceived from Gravity, that is, as the
number of the indefinitely firmll parts
of time taken from the beginning of
the fall ; and therefore the velocity ac-
quired at the end of any time by a
Body, falling freely from a ftate of reft,
will be as the time of its defcent from the
beginning of the fall.

THE fpace which a Body falling
freely from a ftate of reft delcribes in
any time, taken from the beginning of
the fall, may be exprefled by a right
angled triangle * A B C, whofe Bafe A B
denotes the time of the fall, and the per-
pendicular В С the velocity acquired at
the end of that time.

Fou, let there be drawn in the triangle
the lines H I, F G and D E, parallel to
В С, then fince thefe lines H I, F G,
D E and В С arc to each other ai
A M, A F, Л D and А В, and fincc
В С denotes the velocity acquired in
the time A B, the lines H I, F G and
D F- mu ft denote the velocities refpec-
tively acquired in the times AH, A F

* See Fig. 3.
and
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and AD, becaufe the velocities are as
the times of the Motion. Now if we
fuppofe the whole time of die Motion
to be divided into a number of very
fm:ill and equal parts, as AH, H F and
F D, we may then confider the velo-
city of the Body as uniform during each
of thefe parts of t ime; and fince the
ipace defcribed by any uniform velocity
is exprefled by a rectangle contained un- .
der lines proportional to the time of
the Motion and the Velocity, the fpaces
defcribed in the fcversl fmall parts of
time A H, H F and F D will be ex-
preiTed by the little rectangles A H I K,
H F G L and FDEP, and thus the
Space defcribed in the whole time A B
will be exprefled by the lu m of all
the little rectangles that are formed in
this manner, by multiplying each fmall
part of the time into the velocity with
which the Body then moves. But when
we fuppofe thofe equal pares, into which
the whole time A B is divided, to be
indefinitely fmall, and their number in-
definitely great, (as we ought to do if

we
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we confidcr the velocity as uniform irt
each of rhofe parts of time) then the IIITI
of all the reftangks will differ from the
triangle AB С by a quantity Id's than
any given one, mid confequcntly the
Space defcribed in the whole time of the
Motion will be exprefled by the triangle
A B C .

FROM hence we may eafily deduce,
as corollaries, all the other properties of
an uniformly accelerated Motion. Firft,
the Space which a Body falling frerly
deferibes in any time, taken from the
beginning of the fall, is one half of the
Space it would defcribe in the fame
time, if it moved uniformly with the
velocity acquired at the end of the fall.
For when, in the right angled triangle
ABC, the fide A B denotes the time
of the fall, and В С, the laft acquired
velocity, the fpace defcribed in the time of
the fall will be expreffird by the triangle
А В С ; but the Space defcribed in the
fame time by a Body moving uniformly
with the velocity В С will be exprefled

by
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by the reitangle A B G O, of which the
triangle is one half.

SECONDLY j The Spaces, defcribed by
a Body falling freely from a Rate of reit,
are to each other as the Squares of the
times from the beginning of the fall, or
as the Squares of the velocities acquired in
thofe times. For it appears from what has
been laid, that the Spaces* dd'cribed by
a falling Body in the times denoted by
А В and A D w i l l be in the fame pro-
portion w i t h the triangles, ABC and
A D h'. ; but thole t r iangles being iimilar,
their areas are to each other as the Squares
°t their homologous fides -, that is, as the
Squares of the lines А В and A D, which
«prefs the times of the fall, or as the
Squares of the lines В С and D IL, w h i c h
exprcis the velocities acquired in thole
times: Wherefore the Spaces dcferibcd
'n different times by a fal l ing Body are
to each other as the Squares of the times
from the beginning of the fall ; or as the
Squares of the velocities acquired at the
cnds of thoie times.

To confirm this by an Experiment í
D Let
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Let a weight of eleven hundred grains
fall from die height of three inches,
fo as to ftrike one end of a balance, its
Force will be juit fufficient to raife a
pound weight, hung at the other end of
the balance, to a fmall height ; but in
order to raifc weights of two or three
pounds, the fame body m nil fall refpec-
tively from the heights of twelve and
twenty-feven inches, for lefs heights will
not be fti/îïcient.

THE forcer, wherewith the deicending
Body ftrikes the end of the balance are
proportional to the weights they arc able
to raife-, but the Forces with which the
fame Body ftrikes are alJo proportional
to its velocities -, wherefore the veloci-
ties acqiiirc-d by the falling Body air, in
tin's caff, as the weights railed, that is»
as one, two, and three -, and therefore
the Squares of the velocities are as the

•Squares of thefe numbers, that is, as ont)
four, and nine ; but the Spaces threw»
twelve1, and twenty-feven are alfo in the

f.ime proportion as one, four, and nine»
-nd therefore the Spaces deferi bed are a*

о the
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e Squares .of the velocities acquired by

a Body in fa l l ing thro'chcm.
• HENCE it follows, that the Spaces de-
icribcJ by u tailing Body in the lèverai
moments of time taken feparately, and in
their order, from the beginning of the
fall, are to each other as the odd num-
bers, one, three, live, fevcn, and ib on,
taken in their natural order-, for, where
the times of the fall are one, two, three,
and four moment's, the Spaces deferibed
'will be as the Squares of thole times re-
fpeclively, that is, as one. four, nine, and
Sixteen -, therefore the Spaces deferibed
in the fécond, third, and fourth moments,
taken feparately, will be as the differ-
ences between the numbers one, four,
nine, and fix teen refpeclively, which are
three, live, fcven, nine, and fo on.

As the Motion of a Body falling from
a ftate of reit is uniformly accelerated,

likewife the Motion of a Body thrown
upwards is uniformly retardc-d.

*or the laine Force of Gravity, wind:
c°nfpires with the Motion of a fa l l ing
^°dy, ails in direct oppoiuion to the

D 2 inoLion
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motion of fuch as afcend ; and therff-
ibre, in whatever manner it accelerates
one, it m u ft retard the other. Whence
it follows, that a Body thrown directly
upwards wil l continue to afcend for a.
time equal to that, in which, by fall ing
from a ftate of reft, it would acquire the
i'atne vdociry with w h i c h it is thrown
up. For fin ce the action of gravity is
x.%onftant and uniform, in whatever time
•it generates any velocity in a fal l ing Bo-
dy, in the very fame time it muft deitroy
{.hat velocity in a riling Body, and there-
fore the time of the afcent muft be equal
to that of the fall. Hence if a Body be
thrown dircdly upwards with a velocity
«qnal to that which it has acquired by
tailing from any height, it will afcend
ю the fame height before it lofes all its
velocity. For fince, of thefe equal ve-
locities, one is generated and the other
deftroyed in the fame manner, by the
-uniform action of the fame Force, and in
the fame time, it is manifeft that tbe

Him of the velocities wherewith the bo-
dy moves, during its defcent and its

afccnf»
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aircnt, muft Ъе equal, and confequemly.
the Spaces defcribed in its dcfccnt and
ш its afcent muft alfo be equal.

IN order to determine the abfo lurc
Force of Gravity at the fur facc of the
Earth, it is neceflary to know thro' what
Space a Body will fall in a given, time.
And by very accurate exper iments made
with Pendulums,' which \v i l l be men-
tioned hereafter, it h.is bcvn found, that
a Body, near the fuifaa: of the Earth,
tailing from a itate of roil, w i l l ddVcnd
through the Space of about ii:;i:-.cn ii.'t
and one inch in a fécond of time, that
is, in the fixtieth part of a minute :
from whence it appears that the Force of
Gravity, by ailing on any Body only for
one fécond of time, will generate in it
fuch a velocity as, being continued uni-
form, would carry it thro' two and thirty
feet and two inches in one fécond» or
thro* very near twenty-two Englißj miles
in an hour.

I MUST obferve here, that Bodies do
not defcend in all climates at the rate
of fixtecn feet and an inch in a fécond

D of
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of time, but in fnch places only as arc in,
or near, tho Latitude of for ty-nine de-
irrws. In places more difbnt from the
./Equator, the dciccnt is quicker, and
llower in thofe that are nearer to it.
For it has appeared, from a great num-
ber of obfervations, that the Force of.
Gravity is leail under the /Equator, and
that it incrcafes cont inua l ly as we ap-
proach towards the Poles, where it is
grcatcft of all.

THE chief caufe of this difference is,
the rotation of the Earth round its Axis,
by which all Bodies on the Surface ac-
quire a centrifugal Force ; and, as I ob-
ierved before, would actually fly off, if
they were not retainéíá by their Gravity.
(c) Now as all thefc Bodies revolve uni-
formly round the Earth's Anis in four
and twenty hours, either in the ./Equator

(c) By the centrifugal Force, is meant that
force which we fee makes Bodies, lying loofely
on ;i wheel or a globe, fly eft' when it revolveis
fwif t ly round its Axle ; anil this arifes from their
tendency to move on in a right line according to
the firil law of motion.

or
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or in circles parallel to it, their veloci-
ties, and confequently their centrifugal
Forces, muft be as the Peripheries or"
the Circles they defcribe -, and there-
fore as the Equator is the greatelt of
all thofe Circles, and the others grow
lei's and Jefs as they are more and more
diibmt from the ./Equator, the centrifu-
gal force of Bodies rr.uft be greatelt in
the /Equator, and be continually dimi-
niflied towards the Poles, till at lait it
vaniihes at the Polar points. As this
force acb in oppofition to Gravity, it
nnuft of courfe diminiih it, and this di-
minution muft be greateft in the ./Equa-
tor, and grow lefs and lefs in the ap-
proach towards the Poles.

THERE is alfo another reafon why
the Force of Gravity ihould be more
diminiihed by the centrifugal force at
the ./Equator than in any other place,
which is this. The centrifugal Force
always caufes a Body to tend from the
centre of the Circle in which it moves -,
and therefore it muft aft in direct oppo-
fition to the Force of Gravity at the

D 4 ./Equator,
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Equator, whofe center is the fame with
that of the Earth -, but as the centers
Of all the Circles parallel to the /Equa-
tor, are at loverai diftances ' from the
center of the Earth, in every fuch Cir-
cle the centrifugal Force aits obliquely
againft the Force of Gravity, and the
more fo as the Circle is nearer to the
Pole, and therefore cannot diminilh it
fo much as it does at the ./Equator.

S m Ifaac Newton has proved, by э,
moil ingenious method of computing,
that Bodies at the /Equator lofe T^v pare
of the weight which they would have if
they were placed at the Poles ; and has
Ihewn that the äquatorial diameter of
tl.e Earth exceeds the Polar diameter,
or the Axis round which the Earth turns,
by about feventeen Engliflj miles and ~'v ;
for if the ./Equatorial parts of the Earth,
where the Wafers are lighteil, were not
fo much higher than the Polar parts,
where they are heaviefl, the Seas about
the Poles would fubiide, and rifing at the
./Equator, would overflow the Lands
thereabouts.

FROM
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, FROM an experiment made at the;bft-

gi.nning of tliis Lecture, it was conclud-
ed ( that the Gravity of every Body is
proportional to its Quantity of Matter j
and as this is a proportion of great,-imr

portance in Natural Phiiofophy, it may
b;; proper to explain it a little more
fully, and to obviate ibme objections
that, to common obfervers, may feem
to arife againft it. Bodies of diflercnt
kinds fee in, at íiríl fight, to be endued
with different degrees of weight -, thus
Lead is laid to be heavier than Cork,
and Gold to be the heavieft of all Bodies.
Now the reafon why fome Bodies are
heavier than others of an equal fize is,
that fomc Bodies contain in the fame
bulk,, a greater Quanti ty of Matter than
others do. Thus a ball of Lead con-
tains much more Matter than one of
Cork of the fame ilzc, for Lead is a
much more compact Body than Corkj
which abounds wi th large empty Poves
and Imnilices ; and therefore, fincc
the particles of Lead lie cloler together,
it mull contain more Matter in the fame

1) 5 b u l k
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bulk than Cork! does, and confeqnent-
]y it ought to be prcfportionably hea-
vier.

BODIES differ very much in regard to
the proportion which their Pores bear
to their folid Parts, and accordingly are
laid to be of different Denfities -, that
being called the denfefl: which contains
the "greateft Quantity of matter in pro-
portion to its bulk. Now as every fpe-
cics of Matter has a degree of Denfity
peculiar to itfclf, if we fuppofe many Bo-
dies of different kinds to have the fame
magnitude ; each. Body will contain a
Quantity of Matter proportional to its
Denfity, and coniequently each Body
will have a different weight, and that in
proportion to its Denfity, which weight
is therefore called its fpecific Gravity-
1'Tom hence we fee how Bodies of the
lame fizc may have différent weights,
and yet the Gravity of each be ftill in
proportion to its Quantity of Matter.

THAT Air is heavy like other Bodies,
is now well known, and .the weight of
the Atmoiphere is accurately mcafured

by
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by the weight of the Quickfilver that j$,
fuftained in the Tube of the Barometer.;
It is alfo well known, that Smoke аГсешД
in the open Air for the fame reafon that
every Body will 'afcend in a Fluid that
is heavier than itfelf ; fo that we have
really no inftance of any Body abfolute-
Jy light or void of weight, but find, on
the contrary, that all Bodies whatfoever,
on or near the furface of the Earth, gra-
vitate towards if, and that in propor,
tion to the Quantity of Matter in each
of them.

THIS property of Gravitation is not
confined to the Matter of which our
Earth is formed, but is found to be a
general property of all Bodies that come
any way under our obfervation. Sir
Jfaac Newton has demonftrated, that the
Moon gravitates towards the Earth, and
is retained in her Orbit merely by that
Force. And fince the revolution of ehe
Moons round Jupiter and Saturn, und
of the primary Planets round the Sun,
are Phicnomena, or e.uV.U of the fame

D ó kind
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kind with cH revolution » of • our Moon
round the earth, he concludes!,' by the:
fécond Rule of Philofophifmg< that all
thefe Effects muft proceed from -like
Caufes, and therefore that the Moon*
of Jupiter and Saturn gravitate towardi
their Primaries, and that all the Pri-
mary Planets gravitate towards the Sun.
He has alio (hewed, that if one Body
attracts another with any Force, with
the fame Force does that other Body
attract it -, fo that the Earth muft gra-
vitate towards the Moon, the Sun to-
wards the Planets, and they all towards
each other. He has proved likewife,:
that the attractive forces of thefe great
Bodies act according to one univerfal
and invariable Law, which is, that every
two of them attract each other with
Forces that are directly as their Quan-
tities of Matter, and inverfely as the
Square qf the diftance between their Cen-
ters. And fince the Attractions of thefe
Bo'lies arc made up of the -Attractions
of all their Particles, it follows, that

every
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every two Particles of. Matter rnnft at̂ :
tract eacb other with Forces that arc as
their Quantities of Matter directly and
inverfelyas the Square of their Diftance.
The reafon why we do not perceive
the Attraction of any two Bodies towards
each other, when they fall freely toge-
ther near the furface of the Earth, is,
that this Attraction bears the fame pro-.
portion touche weight of the Bodies that
the Bodies themfelves do to the whole
earth, and therefore it muft be altoge-
ther imperceptible.

SIR Ifaac Ne-wlon's great difcovery
therefore coniifts in his having proved
that the well-known power which we
call Gravity, acting throughout the So-'
lar Syftem, according to the law above
mentioned, is the immediate caufe which
preierves' the Planets and Comets in
their Motions round the Sun ; and thac
this Force alone is fully fuflicient to ac-
count for all the irregularities of the
Lunar Motions, for the Retrogreffion of
the yliquinoftiul Points, and for the Tides

in
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in our feas, whofe waters gravitate to«.
wards the Moon.

ALL this he has done by (hewing, fkun
mathematical calculations, that this Force
acting on thofe Bodies muft neceflarilyi
produce fur.h effects and appearances, as
exactly correfpond with thofe which, the
beft obfervations afibre us, do really take
place in Nature; fo that there can re-
main no doubt of his having affigned
the true caule of all thofe great Phe-
nomena. Thus has he entirely overthrown
all the fpecious Hypothefes by which
his Predecefiors endeavoured to explain
thofe matters, and has at length laid
open to us the true fyilem of Nature -,
in which the wife difpofuion of the great
Bodies in the Univerfe, the furprifing re-
gularity of their Motions, and the great
fimplicity and uniformity of the means
by which they are effected, appear every
way worthy of the infinitely wife and
Almighty Author of all things.

IT {till remains to be determined,
whether thefe Forces cf Gravity and Co*

hcfion



LE, C T U R E П1. ? 8}
hefion arife immediately from the Wil l
of the Supreme Being, or .are the effedts
of fome fecondary or mechanical caufe,
which He is pleafed to employ in cany-
ing on the operations of Nature -, and
which, as an immediate infiniment in
his hand, muft derive its whole efficacy
from his Wil l only. Sir Ifaac, from,
fome Phenomena, was induced to fuf-
peft that the immediate caufe of Gra-
vity was mechanical ; and that there
exifted throughout the Univerfe a moil
lubtile œtherial fluid, whole particles are
fo fmall as to pafs freely thro' the pores
of all Bodies ; and that thefe particles
are endued with an exceeding ftrong
repelling Force, which makes this fluid
vaftly more rare and more claitic than
our air, and of confequence vaftly lefs
able to reiift the Motion of Bodies,
and much more able to prefs upon grofs
Bodies by endeavouring to expand ic-
fclf. This /luher he fuppofos m u it,
from its repelling force, be much rarer
within the clenfe Bodies of the Sun,
Planets, and Comets, than in the empty

fpaccs



8:8v L;E C X U R:E HI.
fpaces between them ; and that in pa/ïing,
from them to greater diftances it grows
denfer and denfer perpetually, and there-,
by caufes the Gravity of thefe. great BoT

dies towards each other, and of their
parts towards the Bodies, every Body
endeavouring to go from the denfer parts
of this ./Ether towards the rarer (a).
AH this however lie propofes only as a
conjecture, and leaves the truth of it to
be determined by future Experiments -t

and I have mentioned it here only be-
caufe it is the conjecture of fo great
a Philofopher. For tho' the. iate Ex-,
periments in Electricity prove the Exiib-,
ence of fome fuch fubtile fluid, which,
eafily pervades the denfeft Bodies, yet I
have not heard of any Experiments that
prove it to be the caufe either of Gravity
or Cohefion.

.WHATEVER may be the caufe of Gra-
vity, it cannot be improper, in. our phi-
lofophic reafonings about its effects, to
co.nfider it as a qua l i ty or property be-
longing to all Bodies that fall in any-

(etj Newton's Optics. Query ï.
3 wife
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wife under our obfervation, as our 'ex-
perience fufficieritly warrants us in fo
doings and fincc this quality cannot in
any Body be increáfed or diminiihed, ic
mu'ft be looked upon (by the third Rule
of Philofophifing) as a quality of all
Bodies whatever. »This being the cafe,
we have from hence an unanfwerable
argument fur the exiftence of a Vacuum.
For if the region of our Air, for inibmce,
was filled with any Matter that had no
empty pores, let this matter be ever fo
fubtile or ever fo fluid, it muft ftill have
a greater Denfity, and confequently a
greater fpecific Gravity than Quickfilver
or Gold; fo that it would be as impof-
fible for even the heavieft Bodies to de«-
fcend in this Fluid, as it is for Cork to
defcend in Water, or Wood in Quick-
-filver. And fmce Bodies, which in the
open Air are refilled in very different de-
grees, fall together in an exhaufted Re-
ceiver without any fenfible refiftance ï
Vfe muft conclude that fuch a Re-
ceiver doth not contain in it any Matter
that hath cither a fenfible Gravity, power

of
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of refilling, or vis inertia, or in other
words, that it doth not contain any fen-
iîblc Matter at all. It is therefore in-
cumbent on thofc, who aflert that all
Space is equally full of Matter, to tell us
what kind of Matter k is that adequately
fills a Receiver exhaufted of air, * and to
íhcw us its properties ; fince it is evi-
dently divefted of thofe properties that
are common to all the Bodies we know
of.

L E C T U R E
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T H E

Laws of Motion explained
A N D

Confirmed by Experiments.

A V I N G given an account of
the Properties that are e f l i iu ia l
to Matter, and of the Purees
called Attraction and Kcpul-

fion ; I come now to ihew how the Mo-
tions of Bodies, arifing from thefe Forces,
are regulated according to the Laws laid
down in the firft Lefture, and to confirm

Laws by Experiments.
As
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; As by the firft Law of Motion every

Body muft, in proportion to its Quantity
of'Matter, endeavour to continue' in the
ftate it is put into, whether it be of'Reft
or uniform rectilineal Motion ; and as a
Body put in Motion by any Impolie muft
begin to move with fome certain Velocity,
and its Motion muft be diredtcd toward*
fome certain point ; it follows, that the
Body muft go on in the fame right line,
defcribing equal fpaccs in equal time.i,
until fome Force be imprclïcd upon it to
produce a change. Therefore, when a
Body moves in a Curve line, that Curva-
ture muft necefiarily proceed from foine
Force which continually ails upon it, and
turns it from its natural rectilineal Courfe^
and whenever that Force ceafes to aft, the
Body will move forward in a right line
touching the Curve in that point where
the Body was when the Force ceafed to
ad. The truth of this is fufficiently tefti-
fied by frequent experience ; for if a
Stone be moved round in a Sling, by its
tendency to move in a right line it will
ftretch the firing with fome Force, and

when
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v/hen it is fet at liberty it will not continue
its circular Motion, but will go on in a
right line touching the circle made by the
l'évolution of the Sling, until its Gravity
•draws it from this line towards the Earth.

By the fécond Law of Motion it ap-
pears, that any Motion, or change of Mo-
tion, produced in a Body muft be pro-
portional to, and in the dircclion of the
Force imprefied. Therefore if a moving
Body receives an impulfc in the direction
of its Motion, its velocity will be thereby
•increafed -, if in the contrary direction, its
velocity will be diminifhed, tho* its di-
rection will not be changed ; but if the
Force be imprefied in a direction oblique
to that in which the Body moves, it will
be thereby made to change its direction,
and move in a line fituated between the
direction of its former Motion and that of
the Force impreiTed. And if a Body at
reft receives two impulfes at the fame
time from Forces whofe directions do not
coincide, it will, by their joint action, be
made to move in a line that lies between
the directions of the Forces imprefled. For

inftance.
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inftance, if on the Body A (fig. 4) a Force
be imprefled fufficient to make it move,
with an uniform velocity, to the point В
in a fccond of time, and if another Force
be alfo imprefied on the Body which alone
would make it move to the point С in the
fame time ; the Body, by means of theie
two Forces, will defciïbe a line whofe
pofition may be thus determined. Com-
plete the parallelogram A B D C, whole
íkles A B and А С are by the fuppofition
proportional to the Forces imprefièd in
their directions, draw the diagonal A D ;
the Body will move along this line and
will defcribe it in the fame time in which
it would have deferi bed either of the fides
AB or AC feparately. For fince the
Force imprefíèd on the Body to carry it
to the point C, is no: directed either to-
wards the line B D or from it, but ails
in a direction parallel to it, that Force
cannot either accelerate or retard the ve-
locity with which the Body approaches
the line B D ; the Body mud therefore ar-
rive at the line B D in the fame time it
would have done if no other Force had

been
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been impreficd on it but that in the di-
rection A B, and therefore nt the end of
one fécond it will be found fomewhcre in
the line ß D. In the fame manner, fmce
the Force imprefled in the direction A B,
which is parallel to C D, is neither direct-
ed towards C D nor from it, it cannot
prevent the Body from arriving at the line
C D in the lame time it would have done,
had no other Force been imprefled than
that in tlw direction А С ; and therefore
die Body will, at the end of one fécond,
be found fotnewhere in the line C D ;
confequently, at the end of the fame time,
the Body will be found in both lines,
that is, at the point D, the concourfe of
thofe lines. And fince, from the joint im-
preflions of the Forces, it muft have lee
out from the point A, with a rectilineal
.Motion, it mult, during its Motion, have
delcribed the whole line A D, the dia-
gonal of the parallelogram С А В D.

To confirm this by an Experiment :
Let three ivory balls, of an equal uze, be
iufpendfd from three pins, by ilrings of
equal lengths, and let the middle bul l reft

over
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over one angle of a wooden Square ; then
'let each of the extreme balls be let fall
fepacately, from the fame height, fo as to
ftrike the middle ball in the direction of
one fide of the Square ; the middle ball
will, by each of the ftrokes made feparate-
ly, be moved over that fide of the Square
that lies in the direction of the ftroke ; but
if the two balls be at the fame time let
fall from equal heights, fo that they may
ftrike the middle ball at once, and in the
directions of the two fides of the Square,
the middle ball will, by the joint Forces
imprefled at the fame time, be driven over
the diagonal of the Square.

FROM what has been faid it appears,
that when a Body is acted upon at the
fame time by two Forces, that are to each
other as the fides of a parallelogram, А Б
and A C, and act in the directions -of
thofe fides, it will defcribe the diagonal in
the fame time in which it would be made
to defcribe the refpective fides by each ot
thefe Forces feparately. Therefore the
velocity wherewith the Body moves along
the diagonal, is to the velocity where-

with
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.•«vith it would move along the fides, when
acted upon by each Force iingly, as the dia-
gonal to each fide refpectively. And fince
the Force which gives an impulfe to a Body
is proportional to the velocity with which
it makes the Body move, we may fay that
the Force by which the Body is impelled
along the diagonal, is to either of the im-
pelling Forces, as the diagonal is to the
fide in the direction of which that Force
aits -, and therefore, it will be to the fum
of the impelling Forces, as the diagonal
to the fum of the fides.

As the line A D may be made the
diagonal of numberlefs parallelograms, a
Body may be made to move along the
line A D by numberlefs pairs of Forces
acting in the directions of the fides of
thofe parallelograms, and proportional
thereunto. So that the Force of a Body
moving along the line A D may be confi-
dered as compounded of, or produced
by, two Forces acting in any oblique di-
rections, fuch as А В and AC, or A E
and A F, fince the very fame Motion
would arife from fuch a compofition. And

E confe-
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cojifequently the Force of a Body mov-
ing in, the line A D may be' relolved
into two Forces acting in thofe oblique
directions. From this competition and
refolution of Forces or Motions, we may
deduce the following Theorem, which is
of great life in Mechanics, for determin-
ing the effects of í''orces ailing againít
each other in oblique directions.

IF three Forces or Powers, ailing on a
Body in oblique directions,be to each other
respectively as the fides of a triangle,
drawn parallel to their directions, ' rhofe
lowers will balance one another and keep
the Body at reft.

LET three Powers, drawing the Body A
(fig. 4.) in the directions А В, Л С, and
A G, be to one another as the fides of the
triangle A B D, which are respectively
parallel to their directions, they A v i l i ba-
lance each other, and the Body w i l l re-
main unmoved. For taking A C equal
to B D, let the parallelogram Л B D C be
completed ; then, i'roni what was laid of
the ccmpoimon of Forces, the Powers
which draw the Body A in the directions

«f
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..of the fides А В ап4 Д. С, will, by their
joint action, urge that Body ,£гот Л to-
wards I), in the direction of Л D, with a
Force which is to that of either of thcfe
Powers, as A D to either of the fides, re-
fpecbvely -, but the body is drav\ ï in the
oppofite direction from Л towards G, by
the third Power, \vhofc Force-, by the fup-
pofuion, is to that of c i t l i c r of the oilier
Powers, as the line A D is to А В or A
С refpeftively ; therefore the Foree of
this third Power ir, equal to the joint ac-
tion of the other two Powers; confequcnl-
ly the three Powers mull balance eaeh
ether, and the Jifdy A, being drawn
equal ly in opr.ofitc directions, will remain
unmoved. In the fame manner we may
prove that the-joint Force of any two of
thefe Powers act in a direction oppofite to
that of the third, and is equal thereunto ;
and therefore any three Powers which are
to one another as the fides of a triangle,
and act in directions parallel to thefe
litles, wi l l deilroy e.\ch other's effect, ami
remain in /Jiquilibrio. And from hence
it follows, that when three Powers, noting

К г againtt
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againft each other in oblique directions,
arc in Equilíbrio, they will be to each
other as the fides of a triangle, which
are respectively parallel to their lines of
direction.

To confirm this by an Experiment: Let
the fides of a triangle A B D, drawn on an
horizontal Plane, be as two, three, and
four ; and let Л С be parallel to the fides
B D, and let D A be continued towards
G j let then three fmall cords be tied to-
gether at A, and ftretched over three
pulleys at the points G, H, and L, fo that
one cord may cover the line A G, an-
other'the line A B, and the third the line
А С ; this being done, if a weight of four
ounces be hung to the cord which covers
A G, and one of three ounces to that
which covers A B, and one of two ounces
to that which covers A C, thefe three
weights, which are to one another as the
fides of the triangle that are parallel to
their lines of direction, will continue in
Equilíbrio.

THE third Law of Motion, which arifcs
from ihe Inwtnels of Matter, is, that rp-

aftion
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action is always equal to action, and in a
direction contrary thereto 5 or, that what-
ever Motion one Body can by its action
produce in another, the fame Motion will
be produced in it by the reaction of that
ether, and in a contrary direction.

IN my Lecture on Gravity, I obfcrved,
that it has been demonftrated that each
of the Planets gravitates towards the Sun,
and the Sun towards each of them with a
reciprocal and equal Force. The fame
equality of Attraction obtains likcwife be-
tween the Loadftone and Iron •, for if a
Loadftone and a piece of Iron be fet on
two pieces of Cork, and made to float on
water near each other, they will come to-
gether with equal quantities of Motion i
that is, if their weights are equal, they
will approach with equal velocities, or if
the weight of the Loadftone be double
that of the Iron, the velocity of the Iron
will be double that of the Loadftone, fo
that the attractions between thofe Bodies
are equal and reciprocal. When two
light Bodies are fulpended near each,
other, if one be electrified and the other

E 3 not,
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nor, they will equally and mil tally attract
each other, and come together.

IF a man, placed in a boat, draws an-
other boat by means of a rope, the one
wherein the man is placed wil l be equally
drawn with the other, and the two boats.
wi l l come together wi th equal quantities
of Motion. So that if they are of the
fame weight, fixe, and fliape, they wi l l
move with equal velocities ; but if one boat
be in weight double the other, it wi l l move
w i t h only half the velocity of the other»
and they wi l l Hill approach each other wit h
equal quanti t ies of Motion. This will
appear by the following Experiment.

LET a cord be made fail to one end of
a f inal l boar, and let it pafs over a pulley
fixed to the end of another final) boat of
the fame fize and fh;ipe, and let a weight
be'tied to the end of the cx.rd, and hang
in the water, then let the boats be placed
ac fuch a diltance, as that the cord may
be ftretched ; when the boats are let go,
the weight wi l l defcend, and thereby draw
the boat to whole end the cord is fatten-
ed towards the other, and at the fame

time
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time the other will move towards it. And
thé quantities of Motion in both boats
will be: equal, for their velocities will be
equal when their weights are fo'j and
\vh<:n their weights arc unequal, their ve-
locities will be inveiii-Iy л-, their weights ;
for when they meet, the Spaces they
have dcfcr ibcd w i l l be found to be in thac.
рГОрОГ! ion.

An ЛШоп and Reaftion are equal in.
all attractions, lo arc they likewife eqintl
in refpecl: to ilrokes or i inpulfes made by
Bodies one upon another ; for the Force
of two Bodies, ftriking each other, afFtfls
equally the Motion of both, and produce's
equal changes therein towards contrary.
Parts ; fo that when one Body ilrikes
againft another and communicates Mo-
tion to it iii a certain direction, jwf t fo
n i n t h Motion does the ftriking Body lole
in that dii-eition, or juit fo much Motion
is there co.nmunicaied to it in the COD-
trary dircdion. I fliall therefore confirm
this third Law of Motion, by (hewing-.
that what I have now laid, holds true in
all cafes, from Experiments made by t lui

E 4 соШГюп
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collifion of Bodies both n.on-elaflic and
daftic : but firft J muft lay belore you the
method of making t liefe Experiments.

THE Bodies that are to ilrikc each other
moil be formed into Spheres ; and then
fuipended from two pins by threads of
an equal length, and in fuch a manner,
as that, when they hang freely, they may
juft touch one another, and that their
centres and point of Contact may lie in
a right line parallel to the Horizon.
Now, that you may underftand the man-
ner of eftimating the velocities with
which thefe Bodies are made to ftrikc
each other, I muft lay down fome things
concerning the Motion of Bodies thro'
the arches of Circles, the truth of which
fliall be demonftrated when I come to
treat of Pendulums.

AND firft, all the arches of a Circle,
provided they be not large, are deferi bed
in equal times by pendulous Bodies de-
fcending along them-, and therefore if

- . - • rK-iululous Bodies be let fall at the
;i :ne, one from С and the other

-.a L, m lhe periphery of a Circle whofe
radius
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radius is A В (fig. 5.) they will both'ar-
rive at the loweft point В at the famé
time ; and the ftroke of the fubfequeiic
Body upon the preceding will be made
át B : and for the fame reafon if one be
let fall from С or E, and the other from
D or F, they will meet and ft'rike one
another at B.

SECONDLY -, the velocity which a Body
acquires in falling thro' the arch of a
Circle, is as the cord of the arch'; that
is, the velocity of a Body which has
fallen from С to B, is to the velocity of
a Body that lias fallen from E to B,
as the cord С В to the cord E B. Aud
here I muft obíèrve to you, that when,.
in the following Experiments, I ipeak
of a Body falling from, or rifing to any
height, as four, fix, or ten inches,. I mean
it of a Body's falling thro', or mov-
ing up, an arch whofe cord is of fuch a,
length.

THIRDLY ; the velocity wherewith a
Body begins to rife up thro* the arch
of a circle, is as the cord of the arch

I', 5 which
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which the Body clefcribes i'rl its afcentl
Thus the velocity wherewith á fe'ody bo-
gins to move from the'point B tbWards
D, if it afcends as high as t>, is as thé
cord B D ; but if it rifes only to F, the
velocity is as the côrd B F : fö that in
the Experiments the cords of the arches,
through which the Bodies defcend, ex-
prefs the velocities of the Bodies in the
point B, at the time of theitroke; and
the cords of the arches, thro' which the
Bodies afcend after the ftroke, exprefs
the velocities of the Bodies immediately
after the ftroke.

THESE things being premifed, I now
proceed to the Experiments made firil
with Bodies that are non-elaftic, that is,
foft Bodies whofe parts yield to a fmall
Force, and, when compelled to change
their ihape, do not again return to it.

LET two equal balls of fòft clay or
putty be fufpcnded in the manner above-
mentioned, and while one of them con-
tinues at reft, let the other fall upon it
from the height of fix inches ; fince the

Bodies
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Bqdies are void of elafticity, they >уЦГ
n o t l e p a r a t e after the ílroke, but both,'
together, a/cend wiih a common velocity
to the height of three inches. Inhere-,
fore the common velocity of both Bodies,
after the ftroke, is but half the velocity
which the ftriking Body had before the
ftroke, and confequcntly, fince the Bo-
dies are equal, each of them will have
half the quanti ty of Motion which the
ftriking Body hud before the ftroke -, íò
that the linking Body has loft, by the
ftroke, half its quant i ty of Motion, and
juft io much has the quiefcent Body
gained.

LET now one of the equal balls fall
from the height of nine inches, and the
other from the height of three in a con-
trary direction -, the Motions of thofe Bo-
dies before the iiroke are reflectively
nine and three, anel their difference fix ;
after the ftroke they will all end together
in the direction of the ftriking, that is
the ftrongeft, Body,, to the height of
three inches; therefore the Motion of

E 6 each
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each Body will then be three, and the
fuiiT of their Motions fix, ; which is the
lame with the difference of their Mo*-
tions before the ftroke -, confequçntly the
ilriking Body, whole Motion before was
nine, has, by the ftroke, loft fix ; and
the other Body, which is turned back
with three parts of Motion, mull have
had a Motion as fix communicated to
it by the ftroke, by one half of which
its former Motion (which was three) is
deftroyed, and with the other half it
moves in a direction contrary to its former
one, fo that the Motion loft by the ftrik-
ing Body is the fame with that commu-
nicated to the other.

IT is evident in all cafes, when the Bo-
dies come together moving in oppofite
directions, that the difference of their Mo-
tions before the ftroke will be the fura
of their Motions after it. For the ftrong-
•eft Body muft deftroy the whole Motion-
of the weaker, and by the reaftion of the
weaker, it muft lofe as much of its own»
Motion : therefore at the inftant of the

ftroke



LE С Т; U - R - - E - IV. Ю9-

ftroke there will remain only the .diffec-
ence of theirMotions in the ftrikingBody»
and- with this it will move on in its former
direótion, carrying the weaker Body along t

with it.
IF therefore the Bodies moving in op-

pofite directions come together with equal
quantities of Morion, they will upon the
ftroke lofe all their Motion,and continue at
reft. To prove which by an Experiment,.

LET two equal balls of clay fall at thei
fame time from equal heights, and ia
crppofite directions 5 upon the ilroke they
will ceafe to move. And the fame thing,
will happen when the balls are unequal,,
provided the heights from which they
fall are reciprocally proportional to theit
quantities of Matter, for then their quan-
tities of Motion are equal ; for inftance,,
if the balls be as one and two ; let the
former fall from the height of fix inches
and the latter from the height of three
u\ an oppofite direction, and upon their
meeting they will lofe all Motion ; each
Body communicating to the other a
quantity of Motion equal to wlwt that

other
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other had before the ftroke,. and in,гад-,
oppofite direction ; and therefore thefq
Motions m n ft neceíTarily deftroy each
other. From thefe experiments it ap-
pears, that whatever Motion one non-
elaftic Body communicates to another,,
fo much does it lofe itfelf by the reaction.
of that other.

I AM now to fliew that when two elailic
Bodies ftrike together, the Motion loft by
one will be equal to that communicated,
to the other,- Bodies are faicl to be elailic,
\vhofe parts yield and give way when pref-.
led, and reilore themfelvcs again to their,
former fituation when the prcflure is re-
moved -, and if the Force wherewith they-
reftore them fel ves be exactly equal to the
Force whereby they are bent inwards, then,
the Bodies are faid to be perfectly elailic i
and fuch are all thofe Bodies fnppofed ю
be, with which Experiments are made for
confirming the theory relating to the col-
lifion of elaftic Bodies. But, as ,there is
not perhaps in nature any Body perfectly
elaftic, .where the Experiments vary a little
from the Theory,, fucli variation m nil be

afcribcd.
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afcribed rather to the want of perfeét
Elasticity in the Bodies, than to any er-
ror in the Theory itfelf.

IF of two Bodies, perfectly elailic, one
be at reft and the other in Motion, or if
they both move the fame or contrary
ways, fo that they may ftrike each other
diredly; the quan t i ty of Motion which
is acquired by one Body, will be equal to
that which is loft by the other.

FOR it appears, from what has been al-
ready faid, that the qxiantity of Motion
communicated to one Body merely by the
ftroke, will be equal to that which the
ftriking Body lofes by the ftroke when the
Bodies are non-elaftic-, now I fhall flhew
that thefe quantities of Motion will be

• juf t doubled by means of the Klalticity,
and eonicqu'ently they m u ft ftill be equal.
Since the Bodies are fuppofed to be per-
fectly elailic, their parts, when bent in-
wards by the ftroke, wil l reflore rhcmfelves
to their former fituation with a force equal
to that which bends them in ; but this
Force is meafured by the quantity of Mo«
tton, which the ftriking Body communi-

cates
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cates to the other' ; therefore, after the
ftroke, this elaftic Force will throw the
Bodies different ways,1 and each with a'
quantity-of Motion equal to that which
the Uniting Body communicates to the
other, which, added to the communicat-
ed Motion, will make that double, be-
ing in the fame direction therewith, and
which, fubducttd from the Motion of
the ftriking Body (as contrary thereto)
will make the lois double which is fuf-
tained by the ftroke. And therefore the
whole Motion which one Body acquires
will be equal to that which the other lofes;,
or, in other Words, the Force of the two.
Bodies ftriking each other will equally
affect-the Motion of both, and produce;
equal changes therein towards contrary
parts ; fo that the action of the ftriking
Body, and the re-action of the other upon
it are equal in all cafes. What has been,
now proved will be confirmed by the fol-
lowing Experiments.

IF two equ;;l balls of ivory be fufpend-
ed, as were thole of clay, and be let fall
from equal heights in oppofite directions,

they
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they wil l be both reflected back by the
ftroke, and will rile to almort the fame.
height from which they fell. When the
balls were void of clafticiry, after the
ftroke they continued at reft, each having
communicated its whole Motion to the
other, which communicated Motion in
еясЬ Body ferved only to deftroy its for-
mer Motion, being equal and in a contrary
direction thereto ; now it is plain that the
balls will, merely by the ftroke, commu-
nicate the fame Motion to each other,
whether they be elaitic or not -, and there-
fore, fince the balls deftroy each other's
Motion by the ftroke, and recover very
nearly their whole Motions by means of
their elailicity, (each Body being thrown
back with almoft the fame velocity it had
before the ftroke) we may conclude thac
the parts, when compreflTed by the ftroke,
reilore them fel ves with a Force nearly
equal to the compreflmg Force, and
xvhich may therefore be meafured by the
Motion communicated.

LET a ball of ivory fall from any height,
ftrike an equal ball at reft -, the bull

which
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which receives the -rtrokc will uicend to
nearly the fi me height from wjiich the
other fell, and the oilier wil l remain at
reft -, fo that the ftriking Body lolls its
whole Motion, and the quu.Tcent Body
acquires as much. In this caie, when the
Bodies were non-el:.ftic, the ílriking
Body communicated only half its Motion
to the quiefcent one, and loft fo much it-
felf.

WE fee therefore, from thefe Experi-
ments, that the Elafticity of the Bodies,,
were it perfect, would double the quan-
tities of Motion which are communicated
and loft merely by the ilroke, and that
it equally increafes them both, tho' it is
imperfect; and confequcntly we may
conclude, that whenever two Bodies, ci-
ther non-daftic or ela-flic, ftrike each
other, the Force of the ftroke will make
equal changes in the1 Motions of each,,
or that equal quantities of Motion will
be communicated to each in oppolite di-
rections ; fo that the í urn of their Mo-
tions, when they move the fame way,
or the Difference of their Motions, wherv

they
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they move contrary ways, taken in die
direction of the ilriking Body, will be
the fame after the ftroke as it was be-
fore.

IF, inilead of one, there be two, three,.
or more quiefcent balls contiguous to
each other, that which is fart heft remov-
ed from the ftriking ball wi l l fiy off
with the velocity of the ilriking ball,
leaving it and all the intermediate balls
at reft. For as the ilriking ball imparts
all its Motion to the firft of the quid-
cent balls, fo does that in like тал-
пег to the ball that lies next beyond
it, and that again to the third, and fo
on, till the laft ball, meeting no other
to refift it, flies off with all the Mo-
tion which the ftriking ball had before
the ftroke.

I S H A L L add one Experiment more, by
we may fee that an dallic Body,

by ftriking another, may communicate
to it more Motion than it had itlelf. If
an ivory ball falls fiom the height of
J1'ne inches, and ftrikes another, at reft,
that has double its quantity of Matter ;

4 aticr
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after the ftroke the fmaller ball will.be
reflected back to the height of three
inches, and the larger ball will rife to
the height of fix inches, fo that its ve-
locity fix multiplied into twp, its quan-
tity of Matter, gives twelve for its quan-
tity of Motion after the ftroke, which is
three parts of Motion more than the
ftriking body had before the ftroke. To
account for this, we muft confider, that
if the balls were non-elaftic, the whole
Motion of the ftriking ball, which was
nine, would after the ftroke be divided
between the balls, in proportion to their
quantities of Matter, becaufe they would
then move on together with a common
velocity ; therefore the larger ball would»
merely by the ftroke, acquire two third».
of the lefler ball's Motion, that is, fix,
and fo much would the le/Ter ball lofe ;
fince therefore, by means of the Elafticity,
the Motion communicated and loft is
doubled, the larger ball muil acquire
twelve parts of Motion, and therefore
muft rife to the height of fix inches ;
and the leiTer ball muft lofe twelve parts

of
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of Motion,which is three more than it
had before the ftroke, therefore it will
be reflected back to the height of three
inches -, for a Body is properly enough
faid to lofe more Motion than it had in
a certain direction, when its Motion is
deftroyed, and it is made to move in
the contrary direction. Hence it follows,
whenever a fmaller elailic ball ftrikes a
larger one at reft, that there will be an
augmentation of Motion, and that the
excefs of Motion in the larger ball, above
the Motion which the fmaller has before
the ftroke, wil l be ever equal to the Mo-
tion wherewith the fmuller ball is re-
flected back after the ftroke, as is evident
from what has been laid. If therefore
Motion be communicated from a fmaller
elaftic Body to a larger, by means of
ftveral intermediate Bodies, each larger
than the other, the Motion will be aug-
mented in each of them, and the Mo-
tion of the laft will greatly exceed that
of the firft.

FROM the increafc of Motion in elaftic
Bodies, a reafon may be drawn for the

2 augmcn-
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augmentation of found in fpeaking-
trumpets j for as the fpeaking-trumpet
is narrowed at the mouth-piece, and
thence widens and enlarges continually
to the extremity, the Air within it, which
is an elaftic Fluid, may be confidered
as divided into a great number of cy-
lindrical Bodies of very finall but equal
altitudes, the bails of the firft being
equal to the aperture of the trumpet,
to which the mouth is applied, and the
bafis of the reft incrcafmg one above ano-
ther as they are more and more remov-
ed from the mouth ; upon which ac-
count the Motion, tha t is imprefled by
the Force of the Voice on the firft cy-
lindrical B.ody of Air, grows greater in
the fécond, and greater Hill in the third,
and fo on, till at length, at the exit of
the Tube, it becomes lo great as to mag-
nify the found very confiderably.
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