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ON THE

ASCENT of VAPOURS,
&c. *

SoE? Intend in this Effay to give

> o) LR
(1] |89 fome Account of the Nature
L5y of Evaporation, the Afcent

[y

ef Watcry Vapours and feveral other
Phasnomena of the Atmofphere. In ex-
plaining which I fhall proceed upon a

® This 'Effiy was read at & Meeting of the
Royal Society on the gth and 16th of May,
1765, communicated in a Letter to the Revs -
Charles Dodgfon, D. D. F.R. S, now Lord Bi--
thop of Ofiry. Vide Phil. Tranf: Vol. LIV.
To which fome Additions and Improvements-
bave been fince made by the Author.

A4 Principle
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Principle very different (as far as T can
findy from any that has hithesto been ufed
on 1hxs_ Ogcalion; whereby I fhall avcid
hofe-Ob5etions which-late’ Writess. have
made to the former Accounts that have
been given us of thefe Phanomena, and
perhaps deliver fomething on this Subject
that may appear fatisfallory.

In all the Accounts I have met with,
Fire, or Heat and Rarefa&ion, by which
Watery Vapours are fuppofed to become
fpecifically lighter than Air, are made to
be the principal, if not the only.Caufes
of . their Afcent into the Atmofphucs
Do&or Niewentyt, and fome others fup
pofed, that the Particles of Fire, by ad-
hering to thofe of Water, make up Molé:
cule or fmall Bodies fpecifically lighter
than Air.” "And Do&or Halley thought,
that by the Actiqn of Heat the Particles
of Water ar¢ formed.into hollow Sphe--
rules filled with a finer Air, highly rare-.
fied, foas to become fpecifically lighter:
than the external Air.  This latt was thci

Opinion moft commonly recewﬁd, as,
Do&ox
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Poctor Defaguliers tells us in his Differ-
tation on this Subject (publithed. in" T%e
Philofophical Tranfaftions, in the Year
r729) in which he examines and refutes
the two former Opinions, and endeavours
to eftablifh his own. . He afcribes the
Afcent. of Aqueous Vapours to their be-
ing turned into an Elaftic Steam, and ‘4l
ways rarefied more than tlie Airis by the
Degrees of Heat, to which Bodies are
ufually fubjeét in-the different Seafons of
the Year,

This Opinion, I find, has been as ill
received by fubfequent Writers, as the
former ones. Mr. Clarz; in his Treatife
on the Motion of Fluids, has brought many
Objections againftit; as Mr. Rowning has
alfo done in his Syffem of Natural Philofg-
2%, not long fince publifhed ; who fays,
that the Caufe of the Afcent of Vapours
has been much difputed;. but not yet de-
termined by Philofophers, and owns that
he ¢annot think of any true Principle of
‘Philofophy ‘upon which it may be ac-
counted for, -

A ;s I Mall
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- K thall not here repeat the Objeétions
made by thofe Gentlemen, but muft beg
feave to add the two following, which,
among others that might ftill be urged,
they have not taken Notice of.

-‘Firf ; If Heat was the only Caufe of
Evaporation, Water in a warm and clofe
Room. would evaporate fafter than when
expofed in a colder Place where there is &
conftant Current of Air, which is con-~
trary to Experience.

Secongily ; The Evaporation of Water

35 fo far from depending on its. being rare-
fied by Heat, that it is carried on even
whilft Water is condenfed by the Cold-
ncls of the Air,  For Water is gradually
condenfed by Cold, *ull the Mament it
freezes; and fince it cvaporates even when
frozen: into hard Ice,, it muft evaporate in
all the Jefler Degrees.of Cold. Mr. Boyls,,
having counterpoifed a Piece of Ice in a,
Scale,, hung it aut in a frofty Night, and
found next Morning that it loft confide-.
rably of its "Weight by Evaporation,
“ Whas
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¢ Who would have thought, fays he,. that
“.fo extremely - hard and cold a Body
* would evaporate {o fatt in the clear. Air
““ of a freeazing Night?” And fince that
Timeothers have obferved the fame Thing;
which Fa&t feems to.be an unanfwerable.
Objection to all the Accounts in which
Rarefaction by Heat is made to be the
chief, if not the only Caufe of Evapo-
ration: and therefore we muft have Re-
courfe to fome other Principle to affift us
in accounting for this Phe&enomenon,.

As the Author of Nature does not em«
Ploy in his Works a. greater Variety. of
Caufes than is abfolutely neceffary,. it is
the Bulinefs of naturak Philofophy to re-
duce as many. Pheenomena as-inay be, to
fome general well.known Caufe; and
this is to be done by comparing the Phz-
homena together in their feveral Cir-
cumftances, in which if they are found
to.aprée, they. are then: to be confidered
as. Effeéls of the fame Kind, and afcribed
to the fame Caufe; by which Means, the
Caufes, whofe Exiftenceis already proved;

A6 will
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will be rendered more general, and our
Knowledge more extenfive. Now, as the
Sufpenfion of the Particles of Water int
Air, of Salt in the Waters of the Qcean,
and of other heavy Bodies in the Fluids
that diffolve them, fcem to be Phano-
mena of the fame Kind, we might rcafon-
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, 1
fhall endeavour to prove the Truth of it,
by confidering the Nature of Solution
in general, and comparing its Proper-;
ties and Effeéts 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 fhall appear an homogeneous
Mafs, as tranfparent as the Fluid was be-
fore fuch Union, and fhall fo continue,
»rill fome external Caufe produces a”
Change. The Naturg of Solution has

been
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‘been explained by the Writers on Chymif-
try in this Manner : When the Particles
of any Body -lurrounded by a Fluid are
lefs ftrongly attracted by cach other than
by the Fluid, they mufl feparate from
each other, and join themfelves to thofe
of the Fluid, and remain fufpended there-
in: Thus various Salts are diffolved in
Water, eflfential Oils in Spirits of Wine,
Gold in Aqua Regis, Mercury, Silver and
other Metals in other acid Spirits; and in-
deed it feems to be with great Appearance
of Reafon, that the Attration between
the minute Particles of different Bodies (of
which we have fo many other Inftances) is
afligned as the Caufe of that Union be-
tween them, which we experience in So-
lutions 5 the chief Properties of which I
thall now mention, fo far as may be necef~
fary for the Purpofe to which I mean to
apply them.

- In moft Cafes a diffolving Fluid, or
Menfiruunm 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 undiffolved to the Bottam, and then
the Fluid is faid to be fatarated with the
Body it has diffolved ; yet a Fluid which
is faturated with one Body may afterwards
diffolve others of different Kinds, and
keep all their Particles fufpended toge-

ther,

- When any Menfiruum has entirely dif~
folved a Body, it will continue as tranf~
parent as it was before; the Caufe of
which may be afligned from what Sir
Ifaac Newton difcovered by Experiments,,
oz, that the Particles of Bodies muft be
of a certain Size or Bignefs to caufe thofe
Refle@tions or Refractions of the Rays of
nght at their Surfaces to which Opacity.
is owing ; whence he gives the Reafon,,
why fome Bodies are opake and others.
tranfparent. He alfo obferves, that the:
moft opake Bodies (fuch as Metals) being:
difiolved in an acid Menftruum, and there-
by reduced to their ultimate and fmallefb
Particles, do not take away the Tranfpas.

rency of the Menfiruum. _
Xlence
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Hence we may always know how to dif-
tinguith a Solution from a Mixture. For,
if a Body'be reduced to Powder and
thrown into a Fluid that will diffolve ic,
and they are then fliaken fuddenly toge-
ther, the Fluid will continue fomewhat
opake, ’till the Solution be effetted, or
*till what remains undiffolved falls to the
Bottom; for in this Cafe, the Particles
are not at firft reduc’d to their fmalleft
Size, as they always are in a Solution.
And therefore the Chymifts confider the
Tranfparency of an heterogencous Fluid
(or one that contains in it Particles of ano.
ther Body) as the Criterion of atrue Solu-
tion ; and where that is wanting, itis only
3 Mixturc ; 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 the
.Other.

This much being premifed concerning
the Nagurg of Solutions in general, I pros
¢eed to the Proof of what I propofed
and in Order. to this, I fhall fhew that

these
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‘there is a- mutual Attraction between Wa-
ter and Air, the fame that we obferve be-
gween the Particles of any two Bodies, one
of which diffolves the other, 1 fhall then
compare,+n feveral Inflances, the Proper-
ties and Effects of common Solutions with
thofe of Evaperation ; that from the ex-
a& Refemblance between thefe two Phe-
nomena, it may appear that they are Ef-
feés of a'like Kind, and therefore to be
explained upoen the fame Principle, or
afcribed to. the fame Caufe, Thence I
fhall thew, how the Afcent of Vapours,
and feveral other Pheenomena of the At-
mofphere may be accounted for. And
laftly, I fhall add fomething on the rifing
of Steam from boiling Liquors, and thew
wherein it differs from common Evapera-
tion.

I am firft to prove that there is an: At-
tration 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 Illafticity fo thatic
may be feparated from the Water by boil-

g
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ing and including. it in an exhaufted Re-
ceiver. It has alfo been proved by Lxpe-
Himents, that Air excricated from Water
by boiling, and reftored totits: ufual Den-
fity, willaccupy a Space greager thun that
pofiefled by the Water in which it” was
contained. Now f{ince.it is aflowed that
the Particles of fo heavy a Body. as Gold
are fufpended in yua Regia by their-At-
traftion towards. the Parsicles of that
Fluid, it feems reafonable to fuppofe, that
{o light and elaftic a Body 25 Air muft be
retained under Water by a like Force,
without which it would:aiways afcend to
the Surface and efcape. But that there is
xcally fuch an autraflive Force between
Air and Water, may be fully proved by
the following Experiment.

Let.an .OiliFlafk be filled alimoft full
with Water, deprived .of its. Air as much
as may be; let the Mouth of it be then
ftopped, uaril the Neck, being inverted,
isimmerfed ina Veflel of Water; 2 Bub-
ble of Air will thep afcend into the upper
Part of the klafk. : When ‘Things have

ftood



12 ON THE ASCENT

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 ; for the Warer, 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
fhews that 'Water, when deprived of its.
Air; will again draw the Air gradually
into its Pores; juft in the fame Manp.
ner as a Lump of dry Sugar will draw up
‘Warter into its Pores, which will afcend
preety quickly at firft, buc very flowly af-
ter fome Time. We have Reafon therefore
to conglude, that there is the fame kind
of Attraltion 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 3 as appears from the
Moifture drawn frem it by dry Salt of
Tartar, in fuch Quantity as to make the
Salt become entirely fluid. Now fince
the Ajr is an heterogeneous, Fluid con-
taining in it Particles of another Body,

- and yet retaining a perfe Tran{parency,
which is the Criterion of a true Solution
in other Cafes; why fhould we not infer
from Analogy, that in this Cafe alfo there
Is a true Solution of Water in Air ?

But the T'rath of this will be confirmed
by farther comparing the Properties of
common Solutions with thofe of Evapo-

ration ; which { fhall now do in feveral
laftances.

Fiet ¢ When a Body is immerfed ina
Fluid that diffolves it, for Inftance a Lump
of Salt in Water, we fee the Salt {oon
‘begin to diffolve, and impregnate with its
Particlesthe Water that furrounds it, which

»will then appear thick and loaded, and if
the Water be at reft the Salution will pro-
ceed very Sowly; but if it be ftirred about,

the
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" the Salt will foon be entirely diffolved.
How exactiy does this correfpond with
what Dr. Helley remarked in ah Experi-
ment he made on the Evaporation of Wa-
ter in a clofe Room ! (Philof. Tranf. N°.
192.) “ The fame Obfervations, fays he,
¢ do likewife thew 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 g ['leece of vapourous Air, which
¢ ouce invefling it, the Vapour rifes af-
¢ terwards in much lefs Quantity.” Here
we fee, that 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 Watcr that lies about the Salt, appears
thick and loaded, and while it continues
at reft, the Salt is diffolved but flowly.
He alfo obferves on the fame Occafion,
that Evaporation is vaftly promoted by a
Current of frefh 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 brings frefh Particles of
the Fluid into Conta& with the Body it
diffolves, in the Place of thofe that have
been already faturated. [a]

Secondly; Into.a Glafs of clear cold
Water throw a Lump of Salt, and when
it has flood a little Time, flir 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 Strie, which will ren-
der the Whole fomewhat opake, caufing
1t to refraét the Rays of Light in different

[a] This Fleece of vapourous Air that fome-
times hangs over Water, is very difcernable
when we ftand by the Sea-fide in a hot calm
Day, and is the Caufc of fome odd Appcaran-
ces, For the lower Part of the Air, which is
then much impregnated with Water, refratts
.the Rays of the Light morc ftrongly than at
Other Times, and by this unufual Degree of Re-
fration, Houfes on the Shore at a Diltance from
Us appear almoft' as high as Stecples, remote .
ships and Iflands and the exueme Parts of

ead-lands 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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Dire&ions, which will make an Objeét
feen through it appear to have a tremulous
Motion ; this will continue until all Parts
of the Water are equally impregnated with
the Salt, and then its Tranfparency will be
reftored. Asthe Darts of the Water which
are impregpated with the Salt are of diffe-
rent Denfitics from the refty 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 Denfi-
ty. The very fame' Appearances will at-
tend the mixing together of any two
Fluide which have different Denfities,
and will thoroughly incorporate with
each other.

In like Manner, when Smoke or Steam,
iffuing from the Pipe of a boiling Vefel,
firft rifes into the Air, it appears in curled:
‘Wreaths, and renders:the Air opake; but
as foon as it is entirely difperfed, the T'ran-
{parency is reftered. Thus alfo in a-calm,
hot, fun:fhine Dry, when we look along.
a moift Piece of Ground, the Air and any

Objects



OF VAPOURS, &c. X7

Objeds feen through it appear to have a
tremulous Motion, like that which we ob-
ferve in an Objed, feen through two Flu-
ids which are mixing together. Now,
as the Vapours rife here in great Abun-
“dance and the Air has but little Motion,
thofe Parts of it that are much impregna-
ted with aqueaus Particles are mixed gra-
dually with the Air ahove it that is dyier
and of a different Denfity ; 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 obfervable,
when we look in warm. Weather through
a Telefcope, which magnifies the Vapours
foating in the Air: and from.this kind:of
Refraction the twinkling of the Stars feems
to arife; with this Difference only, that
‘the watery refrating Particles-in the Day-
time are pafling ingo a State of Sclution
Whereas the Vapours already diffolved a‘:ﬁ
5 y
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by the Cold of the Niglit begirining to pre-
cipitate, apd return into Particles large
enough to caufe RefruClions 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 diffolve Salt fooner and in. 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 fomg of
the Salt before diffolved, which will fall
to the Bottom in finall Particles or fhoot
into Chryftals. Juft fo will Water evapo-
rate fafter in warm than in cold Air; and
the aqueous Vapours, fufpended 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 c¢hryftalized, in- a
Hoar-Frost. And thusif in a hot Day
a Bottle be filled with any very cold Li-
quor, and expofed to the warm Air, which
to us feems very dry, a Dew will be foon
formed on the Qutfide of the Bottle; for

the
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the Air about it being cooled will let go
Pare of its Moifture, which will be attract-
<d to the Surface of the Glafs ; for the
fame Reafon 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 {o continual and copious an
Livaporation in cold Weather, the Air will
then be generally clearer than it is in hot
Weather.

Heat feems to promote Solution, be-
Caufe it expands Bodier, and thercby en-
larges their Pores, and leflens the cohefive
Attra@ion of their Particles; fo that a Bo-
dy, when hot, will more cafily admit a
d_iﬁ"olving ['luid into its Pores, and its Par-
ticles, cohering together lefs ftrongly than
When cold, will more readily quit each
other, and unite themfelves to the Particles

B of
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of the Fluid by which they are attra@ed ;
and for the fame Reafon Heat will alfo
promote the Evaporation of Fluids.

But fourthly; The Quantity of a Body
diffolved, and of a Fluid evaporated, in a
given Time, depends (ceteris paribus) on
its Quantity of Surface. Thus a Body
reduced to Powder is fooner diffolved than
it is in a concrete Form ; and thus Smoke
or Stearn (which is Water reduced to very
fmall Particles by Heat) is much fooner
difperfed and incorporated with Air, than
“VWater in its ufual Form. Thus likewife
the Moifture, which adheres to a cold po-
lithed Plate of Glafs or Metal, when we
breathe upon it, is immediately dried up
by the Air, becaufe it is exceedingly thin
and has a very great Surface.

Fifthly 5 Chymifts obferve, that when
Sea-Salt, Sal Armoniac, OF Nitre, is diffolv-
ed in Water, or effential Oils in Spirit of
Wine, fome Degree of Cold is produced
in the immediate Act of Solution ; and
the quicker the Solution, the greater is the

Cold.
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Cold. By diffolving pounded Ice, ot ra-
ther Snow (whofe Particles have a greater
Surface) in Spirit of Nitre, a Degree of
Cold has been produced fo great as_to
freeze Quick-filver. Cold is likewife pro.
duced in the A& of -Evaporation. For if
Spirit of Wine, or ZEther, be rubbed
lightly with a Feather over the Ball of a
“Thermometer, it will fink as the Spiriteva-
Potates ; and the quicker the Evaporation,
the fafter will the Thermometer fink g
thus I have made Warer freeze in a thin
Glafs merely by the Evaporation of Zither
promoted by a Current of Air. That
Cold is produced by the Evaporation of
Water appears from the Pra@iceof Sailors,
who, in hot Climates, cool their Liquors
by wrapping the Veflelsin 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 thews a very remark-
able Agreement between the Natures of
Solution and Evaporation: How the Cold
18 produced in either Cafe, I cannot pre-

B2 tend
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tend to fay 5 but I muft beg leave juft to

apply this Faét, to account for a Thing

which I believe moft 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 cach, The Reafon of
which is, that the Spirit evaporating much
quicker than the Water, produces thereby

a greater Degree of Cold. And fo /Ether,

it it be applied in the fame Way, will feel

colder than any other Spirit on Account

of its more fudden Evaporation.

Sixthly ; It is known, that retified
Spirit of Wine, when purged of Air, will
imbibe a large Bubble of Airin a much
fhorter Time than Water will do, and I
have myfelf experienced the Truth of this, -
which fhews that there is a ftronger At-
traltion, 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
attraltive Force between their Particles
and thofe of Air. [B] But here it muft be

[#] As Water and Spirit of Wine are in no De-
gree vifcid, they may evaporate in Proportion to
the Attra@ion betwgen them and Air, But the
Cafe is very different in fuch Fluids as are vifcid ;
for tho’ I found that Oil of Olives, when purged
of Air, will imbibe a Bubble of Air almoft as {oon
as Water does, yet the Lvaporation of'Oil is
fcarcely (if atall) fenfible.  The Reafon of which
mult be, that the Attra@jon between Air apd
the Oil is not able to overcome the Tenacity of
its Particles and feparate them from cach other,
tho’ it is fufficient to draw into the Oil the Parti-
cles of Air, which have no Artraélion towards
each other; juit as Water is drawn into a Sponge,
tho' the Attraétion of the Water is not able to fe-
parate the Particles of the Sponge from each ather.
It might perhaps be fuppofed that the Water con-

“tained in the Air may defend the Oil from the
Attradtion of the Air, and thereby prevent the
Qil from evaporating ; but if this were the Cafe,
the fame Water would alfo defend the Air fiom
the Attra@tion of the Oil, which we fee it does
hot, ‘The Particles of Oil, like thofe of all other
Fluids, may indeed be feparated from each other
ﬂn_d driven into the Air by a violent Heat; but
this Effet muft be diftinguithed from common E-
Vaporation, as will appear from what is faid in the
latter Part of this Effay.

B3 obferved
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obferved that the Spirit is not only more
ftrongly attracted by the Air than Water
15, but, being alfo more eafily rarefied by
Heat, its Particles feem to cohere toge-
ther more {lightly than thofe of Water,
and thereferc may be more eafily fepa-
rated by the Attradtion of the Air.

Seventhly ; If into any Menffruum we
throw a Body, which it diffolves, and af-
terwards add another, to which the Men-
Siruum has a greater Affinity than it has to
the firft, it will diffolve the fecond Body,.
and let go the firft, which will be precipi-
tated and fall to the¢ Bottom. In the
very 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 fmall Bubbles
1o
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to the Sides of the Veffel, 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 Menffruum that
diffolves it ; and hence T conclude that
the Air which is imbibed by any Fluid
is, properly fpeaking, diffolved in that
Fluid; and confequently that any Fluid
which evaporates, or is imbibed by the
Alr, is alfo, properly fpeaking, diffolved
In Air, Upon this Principle we may fay,
that Water is drawn out of Air by dry
Salt of ‘I'artar, from its having a greater
Affinity to that Salt than to the Air.

I fhould not have been fo tedious
Comparing rogether the Natures of Soluti-
On and Evaporation in fo many Inftances,
but that it gave me an Opportunity at the
fame Time of explaining fome of the

hznomena that 1at firft intended to con-
fider; which Explanations I believe will
b<=_admitted, if T 3m right in the main
omnt [ have endeavoured to prove. And
Teally when we confider how exactly Solu-
tion and Evagoration agrece, in their feve-
B4 ral
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ral Appearances, Properties and Effetts, 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 graduval Solution of Water in.
Air, produced and promoted by the fame
Means (to wit) Attrattion, Heat, and
Motion, by which other Solations are ef-
fected.

1 fhall now endeavour to account for
feveral Phznomena of the Atmofphere
upon this Principle, which will be ftill
{furiher contirmed, if it be found to an-
fwer the Purpofe to which it is applied.

The loweft Part of the Air being prefl
ed by the Weight of the Atmofphere
againil the Surface of the Water, and con-
tinually rubbing upon it by its Motion,.

“has thereby an Opportunity of attradting:
and diffolving thofe Particles with which.
it is in conta@ and feparating them from.
the reft of the Water. And fince the
Caufe of Solution in this Cafe is the
ftronger Attraction of the Particles of Wa-

ter
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ter towards the Air, than towards each
other, thofe that are already diffolved and
taken up, will be fill furcher raifed by the
Attra@ion of the dry Air which' lies over
them, and shus will diffufe themfelves, ri
ﬁng gradually higher and higher, and
thereby leave the loweft Air not fo much
faturated, but that it will be fill able to
diffolve and take up frefh Particles of Wa-
ter. And thus Ice or Snow will evaporate
as well as Water, its Particles beingattract-
¢d and diffolved by the Air, which is
ftrongly prefied againtt its Surface ; for
tho’ Heat promotes both Solution and
Evaporation, yet we do not find that in
cither Cafe any fenfible Degree of it is ab-
folutely neceflary.

In this Manner will Aqueous Varours
ASCEND flowly into the Atmofphere, even
when we fuppofe the Air almoft at reft,
for 1 believe it is never perfeétly fo, But
the Solution of Water in Air, and the
Afcent of Vapours, is greatly promoted
by the Motion of the Winds, which bring
freth and drier Air into the Place of that,

B s which
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which may be already faturated and londed
with Moifture, carrying it, together with
its Moifture, into the higher Parts of
the Atmofphere, and difperling it into all

Quarters.

If we fhould 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 ivaporation would
ceafe, and the Vapours already raifec
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 diffolved. We muit
therefore confider what are the Caufes
which occafion the Airfometimes to part,
with the Water it has dififolved, and which
thereby keep up a continual Circulation
of Vapours; and thefe I fhall thew to be
the frequent Viciflitudes of Heat and
Cold, Condenfation and Rarefaction, to
which the Atmofphere is fubject.

As to the Effe@ts of Heat and Cold, I
have
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have already fhewn that the former pro-
motes, 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 the
Cold of the Night are precipitated and
fuffered to coalefce into Drops of Dew.
From the Snow’s lying fo long on' the
Tops of Mountains, we find that the
Kigher Parts of the Atmofphere are much
colder than the lower. Now tho’ Va-
pours are fisft-raifed, and abound moft in
the lower Parts of the Atmofphere, yet
they cannot there be formed into Clouds,
becaufe the Heat that helped to diffolve
them, helps alfo to keep them diffolved.
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 fome of
them to coalefce into fmall Particles, which
flightly attrating eacli other and being in-
termixed with Air will form Croups,
having the very fame Appearance with

Steam
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Steam or ,Smoke, which alfo confifts of"
{mall Particles of Water mixed with Air,,
and not yet diffelved init. Thefe Clouds,.
when firft formed, will remain {ufpended,
tho’ they confift of Water, as well as Air;.
becaufe the Weight of their Particles will
not be able to . overcome the Refiftance
they muft meet with in defcending through
the Air. For when Bodies are diminifhed.
their Quantities of Matter to which their
- Weights are proportional, decreafe fafter,.
or in a greater Ratio, than their Surfaces.
to which the Refiftance they meet with is
proportional, and therefore in very fmall
Particles, this Refiftance may become
greater than their Weight. The different
Ileights 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 Addi.
5 tion
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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 Raiv. 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 Snvow, which appear to
be I'ragments of a frozen Cloud; but if
the Particles be formed into. Drops, be-
fore they are frozen, they become Hair-
STONES.

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-
fphere, and compole what we call a MisT
or Foc. This generally happens in a
cold Morning, but when the Sun his
been up for fome Time, the warm Air
again diffolves thofe watery Particles, and
it frequently clears up.

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

After a warm and unclouded Day in
Summer there falls Abundance of Dew,
and the Air fcarce recovers its Clearnefs
*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
over the Ground and the Leaves of Trees
and Plants in very fmall Drops, begins

again.
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again to.diffolve, and while it is diffolv-
ing occafions that Flaziness 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 fce the Drops, at their
firft Formation, and they are fuch as we
generally meet with in paffing over high
Mountains, where we are in or near the
Clouds. So that it feems the Drops of
“Rain 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 more
will their Size ‘be encreafed before they

come
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come to the Ground. And for this Rea+
fon, 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
obferved, 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 burfting from a
Cloud and expanding itfelf greatly, will.
fuddenly remove the Air from its Place,
which Air mult 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 eletrified Bodies, will repel cach
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 vfual, |
‘When
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‘When the Wind blows from the South,
® 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 muft 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 diffolved a great deal of aque-
ous Vapours where it came from, and
therefore coming into a warmer Climate
i is ready to. diffolve more. And en this.
Account thefe Winds, if they continue
long, are found to be very dry and parch-.
ing, and are generally attended with fair
Weather.

Thus we feethat the Air, according toits
different Statesin refpect to Heat and Cold,
will diffolve and take up, or let go and
Precipitate the aqueous Vapours, in confe-
Quence of which we fometimes. perceive

Changes
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Changes of the Weather, even when there
is no Chafge in the Denfity of the Air, ox
confequently in the Height of the Baro-
meter,

But Condenfation and Rarcfaction will
alfo have the like Effeéts in promoting the:
Solution of Water in Air, or in occafion-
ing fome Part of what has been diffulved.
to return again into Water and precipi-
tate. It feems reafonable to fuppofe, that
denfe Air in which the Particles lie near
each other, will be better able to diffolve
and keep fufpended a Quantity of Water;,
~than the fame Air when diffufed through

a greater Space. And that this is really fo,
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 Stcam or’
Smoke falling to the Bottom. In order
to prove the fame thing by other Experi-
ments, when a Cup of Water, or rather
Spirit of Wine (which evaporates fafter).
had ftood for fome Time in a clofe Re..

ceiver
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ceiver full of Air, I rarefied this Air fud-
denly, by leteing it rufh into another Re-
ceiver that was exhaufted, and immedi-
ately the Vapour, that was before fulpend-
ed, gathered into fimall Particles and fell
down in a very vifible Shower. I alfo
took fromthe Air-pump a large exhauft-
ed Receiver 20 Inches long, having at the:
Bottom a Brafs Plate, with a Stop-cock
in the Middle of it, when the Stop-cock
was opened, the external Air ruthing in
violently, and being much rarefied, let go
the Water it contained, and threw it
againft the other End of the Receiver,
where it ftuck on the Glafs, and covered
it with a thin Dew, which I found to en-
Creafe until the Receiver was almoft full
of Air."

Thefe Experiments prove, that Air,
when rarefied, cannotkeep as much Wa.-
ter diffolved as it does in a more condenfed
State, And hence we muft conclude, that
When the Atmofphere is faturated with

WatCr, and changes from a denfer to a
' rarer
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rarer State, the higher and colder Parts
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 ftop
the Precipitation of the Water, and again:
diffolve in the Whole, or in Part, foime 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 refpec-
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 denfe
and heavy, it may be then {o much loaded.
with aqueous Vapours, that we may have
Rain,
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Ruin even before we can perceive by the
Barometer, that the Atmofphere changes
10 a rarer State. [p]

[n] The Vapours raifed into the Atmofphere
will certainly add fomewhat to its Weight, but the
Difterence of the Quantity of Water contained in
the Air at one Time and at another cannot make
any confiderable Change in its Weight. For the
Quantity of Rain has been accurately meafured
that falls ¢communibus annis) in feveral Parts of Eu-
rope, and by taking thefe Quantities at a Mediums
I find that in any one Place there will gencrally
fall, one Year with another, as much Rain as would
amount altogether to the Height of 28 Inches,
which is cquivalent in Weight to two Inches of
Mercury ; if thercfore we were to fuppofe this
whole Quantity of Rain to be fufpended in the Air
a4t one Time, and then to full before any more
Vapours were taken up, the Mercury in the Baro-
meter would, on that Account, fall two Inches.
But we cannot make fuch a Suppofition, for the
Rain falls in finall Quantities and at different
Times, and the aqueous Vapours are again taken -
up into the Air immediately ; fo that the Dificrence
n the Quantity of Water fuflained in the Air, at
One Time more than at another, can add by its
Weight but very little to the Height of the Mer-
Cury in the Barometer, probably not fo much as
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 faying, that when the Air grows
rarcr 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 fhould 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 jult now mentioned. For fince
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 Defcent, as they ge-
nerally are by the Winds which blow

upon them. .
When



OF VAPOURS, & 4t

When the Atmofphere is faturated
‘with Water, and grows colder and rarer
than it was before, we fhall then perceive
the lower Air begin to part with fome of
the Water it contains, which will fall in-
fenfibly 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 feccles on
the fmooth Surfaces of cold Bodies, fuch
as Marble or other Stones, whofe Pores
cannot imbibe it, it will cover them with
7 kind of Dew, and then thele Bodies are
vulgarly faid to Swear. At this Time
the Hygrometer being aflefted by the
Moifture will point to #7 £ 7, and as we
perceive from thence, that the Air is dif-
pofed to part with the Water it contains,
we mzy generally expeét Rain, But when
the Air again grows -warm or denfe, it .
will be able again to diffulve and take up
the Water it before depofited, and the
Moifture on the Bodies expofed to it will
difappear, the Hygrometer will point to.
DR 7, and we may then promite our-
{elves fair Weather.

1 obferved
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I obferved before * that if a Bottle be
filled with a very cold Liquor and expofed
to warm Air, 2 Dew will foon be formed
-on its Surface, by the Moifture which the
<ooled Air depofites. Now if we fuppote
this Body ftill to retain the fame Degree
of Cold whilft the ‘Air pafies 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
exaltly the Cafe of Mountains whofe
Tops reach into the colder Parts of the
Atmofphere, and which thercfore are
themfelves colder than the Airin 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 ftopped in its Courfe,
muft neceffarily afcend and pafs 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

L4 Pﬂge 13,
: Part
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"Part of the watery Vapours it contains 3
which will be precipitated in Dew and
Moifture, upon the Surface of the Moun-
tains where it will fink into the earthy
Parts, or infinuate itfelf into the Chinks
and Crevices of Rocks, and being there
colle¢ted will afterwards break out in
Serings and FounTtains, and become.
the Source of Rivers, which are known
to take their Rife in Mountainous Coun-
tries. Aad on this Account we might have
fmall Springs and Rivers near Moune
tains, tho’ there were neither Clouds nor
Rain, But the Moifture which the Air
ufually depofites on the Mountains muft
be confiderably encreafed by the Clouds
which are driven againft them, and ac-
cumulated by the Winds, for their Par-
ticles being then preffed together will run
into fmall Drops of Rain. Befides, it-is
well known that Mountains' gather and
tetain the Clouds about thcm by their
Attraction, in Confequence of which we
often fre fome Clouds continue at Reft
on the Mountains, whilft others at a Dif-
tance are carried on gently by the Wind,

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

Thus I have thewn how the Afcent of
aqucous Vapours and their conftant Cir-
culation, by precipitating again in Moi-
fture and Drops of Rain, will arife from
the diffolving Power of the Air, influ-
enced by the Viciflitudes of Heat and
Cold, Condenfation and Rarefalion ;-
which Caufes, as they take Place in dif-
ferent Degrees, will occafion thofe vari.
ous States of the Armofphere in Refpect
to Drynefs or Moifture, which we expe-
rience in the feveral Changes of the Wea.
ther, 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 thercby caufing them to run

into Drops,
: It
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If we may thus, from the known Pro-
perties of Solution, account in a fatisfac-
tory Manner for the Afcent and Circu-
lation of aqueous Vapours, and the feve-
ral Phaznomena of the Atmofphere arifing
from thence; it muft be a great Confir-
mation of the Arguments brought to
prove that Evaporation is only a parti-
cular Specics of Solution ; and therefore
that they both proceed from the fame
Caufe, viz. the Attraltion 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 Sofvent
than any Fluid we know of ; becaufe its
Particles, not attraéting each other, are
more at Liberty to unite themfelves to
the minute Particles of fuch Bodies as
they do attra®, And accordingly we:
find the Atmofphere contains in it Mat.
ter of all Kinds, The odoriferous Par-
ticles of Bodies feem to be {trongly attract-,
€d by the Air, as they are {o very readily

Ca difperfed
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'difpcrfcd thro’ it ; and Camphor, which
is'a very light volatile Body, may be en-
mely diffolved in Air without leaving any
Remamdcr -The Air abounds with Vi-
triolic and’other Acids, as is plain from.
the rufting of Iron expofed toit. It a-
bounds alfo with fulphyrous, nitrous,.
and other inflammable Particles, as ap-
pears by the frequent Meteors kindled in
it. . For we have many Subftances, fuch
as ftrong Acids and effential Oils, which
being thrown together will unjte with
fuch Violence as fuddenly to burft into a
Flame, and therefore when the Particles:
of thofe Bodics, floating promifcuoully in
the Air, happen to come together in a
fufficient Quantity by their mutnal At-
tration, (which we know is very ftrong)
they muft kindle into a Elame, and if
-many Particles of the inflammable Kind.
lie contiguous, the Fire will run in a
Train and Form, what we call, fhooting
Stars, and other blazing Meteors, In.
fhort, the Atmofphere may be confidered
as a Chaos containing- Particles of all
Sorts of Bodies ; and as the great Inftru-
ment
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‘ment of Nature for keeping up a general
Circulation of Matter ; and by which not
only Water is every where difperfed, but
oftentimes the Eggs of Infects 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 Infe@s and Plants in fome
Places where their Appearance cannot
'well be accounted for; otherwife than by
fuppofing their Eggs and Seeds to be
‘eonveyed thither by the Air,

I fhall now mention two other Inftances
in which this diffolving Power of the Air
‘Produces Effects of the utmoft Impor:
tance. Dr. Boerbaave, ipeaking of that
Power or Quality of Air, which makes it
Receflary for the Prefervation of Animal
Life, calls it a certnin hidden Viriue, not
to be accounted for from any of the Pro-
‘Pemcs of Air then wicnvered.  FPerhaps
‘We may be led to fome Knowicdge of it,
by contidering on what Account Air may
‘Become unfic for Refpiration by palfing

C 3 two
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¢wo or three Times thro’ the Lungs of an
Animal, for we find that an Animal in-
clofed in fuch Air will foon expire, I
think we may be fure that one Purpofe, at
Jeaft, 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 actu-
ally does. Now as Air Jofes nothing of
its Elafticity by pafling thro’ the Lungs,
an Animal might ftill continue to breathe
the fame Air, and it would ftill continue
fic for all fuch Purpofes in the Animal
Oeconomy-as may be anfwered by the al-
ternate Expanfion and Contration of the
Lungs in Refpiration. But this Air mu#
in a fhort Time become faturated with that
Moifture and other perfpirable Matter
which it meets with in.the Lungs, and muft
then lofe its. Power of diffolving and carry-
ing off any more of that Kind of Matter ;
which Nature intends fbould be conftant-
ly difcharged, and which will therefore
continually encreafe and: thereby opprefs
the Lungs, heat the Blood, or produce
fuch other noxious Lfleéls as are mose

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

it

[s] As Air even when incorporated with
Water retains its Elaflicity, I took it for grant-
ed that it would not become lefs elaftic by pafi-
ing thro’ the Lungs of an Animal. But finding
that the contrary Opinion was held by fome, wito
fuppofed that Air, having paffed thro’ the Lungs
of an Animnal, became unfit for Refpiration by
lofing its flafticity, I refolved to try how the Fact
was by the following Experiment. In a Receiver,
eight Inches in Diameter and twelve Inches high,
having under it a Picce of oiled Leather, I in~
cluded a pretty large Chicken, and tied the Re-
ceiver clofc down to the I'able; thro’ a Hole in

‘the Top of the Receiver went a Glafs Tube, open

&t both Ends, cemcented round the Hole with

Wax ; the lower End was immerfed in Water,

(tinged blue) which flood in a.Glafs under the
eceiver. ~

In about an Hour after the Chicken was ine
Cluded it grew much diftrefled, gaped wide and

Cs breathed



s ON THE ASCENT

it.my Defign to enquire 3 what has been
faid thews the Neceflity of freth Air in
Refpiration, and by what Property it is

breathed with great Difficulty, and inhalf an Hour
more it feemed almoft ready to expire ; the Infide
of the Receiver was then covered with Moifture,
which in fome Places run down in Drops,

Now if the included Air had loft any of its Elaf-
ticity by pafling thro’ the Lungs of this Apimal,
it could not have prefled fo firongly on the Water
in the Glafs as it did at firft, and then the exter~
nal Air would have prefled thro' the Tube, and
appeared coming up throughthe Water in Bubbles,
But no fuch Thing happened, for as foon as the
Receiver was tied down, the Water in the Tube
rofe about one fifth 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 the Chicken

" breathed ; and thefe Vibrations of the Water in
“the Tube I obferved grew flower, and moved thro’
. a greater Space towards. the latterEnd of the Time;
.which fhewed that the Chicken then took in more
Air every Time it breathed, than it did at firft,
endeavouring thereby to throw off the Moifture
which thzn oppreiled its Lungs. After Things
had ftopped thus above an Hour and a Half, thofe
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 ro.expire in it

adapted
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‘adapted to - anfwer ons very importanit
Purpofe, and ‘alfo how Air may foon bes
“come unfit for that Purpofe. But here I
will venture to afk, whether it is not pro-
bable, that, in the conftant and quick lva-
~poration of Moifture from the Lungs,
fome Degree of Cold may be produced,
as in other Evaporations, which, together
with the freth Air takenin, may ferve to
cool the Lungs and the Blood pafling thro’
them? We may fee from hence that
“moift Air muft be very unwholefome by
its not fufficiently promoting the ne-

ceffary Perfpiration, both internal and
external.

Air 13 not lefs neceflary for the Support
of Fire than of animal Life; for Fire will
‘ot long continue to burn without a Cir-
mlmon of Air. Now I fuppofe this hap-
‘Pens, not from its adding any Thing to
the Pabulum of Fire, (for Fne feems to be
otherwife fufficiencly provided with Pabu-
‘hum ) bue rather on this Account’y that the
Air iminediately about a Body on Five is
‘heated and made fpecifically lighter than

Cs the
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the 'Air at fome Diftance from'it; This
_hot Air muift therefore afcend and carry
with it all thofe minute Particles of diffe-
rent Kinds which are thrown off from the
burning Body, and which would other-
wifereft uponits Surface, and thereby clog
and- ftop the fubtile Vibrations of the
burning Matter, in which the Nature of
Fire partly confifts. If therefore Fire be
confined in a clofe Place, where there can
be no Circulation of freth Air, the Air
about it, being foon faturated 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 out,
fmothered as it were with fuch Particles.
as are no longer combuftible. And hence
it is that Fire burns fafter when Air is
ftrongly blown upon it, for then the Athes,
are carried off as faft as they are formed
on the Surface of the burning Body, and
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 allo
“fpread the Fire quickly thro’ the Fuel, hy
blowing
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Blowing the Particles that are already kin-
«dled among thofe that. are.noty and pers
haps the Motion.of the Air-id this Cafe
may 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; but
I think it moft probable that Air fupports
Fire chiefly by carrying off fuch: Particles
as are burned out, and would therefore
obftru&t the Progrefs of the Fire; becaufe
we find that the frong elaftic Steam of
Water driven violently out of the Pipe of
dn [¥] #Eolipile, which will cairy off thofe
Particles, will alfo blow up and increafe
the Fire as well as Air driven from the
Bellows, although the Steam does not con-
‘tain any inflammable Particles.

[#] An _Eolipile is a hollow Globe of Iron or
‘00pper, into which is fcrewed a long Pipe,
WhOfe End is commonly bent into a Curve: it

8 a-very fmall Orifice, out of which the Steam
lﬂ'uca with great Violence, when Water is boiled-
-in the olipile. Sec it delineated in Fig. 1.

Co To
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To this general Obfervation, that Air is
neceflary for the Support of Fire, we muft
admit one Exception ; for Nitre wil] buriy
i a clofe Veflel, or in Facno. The Caufe
of this fingular Phenomenon I fhall en-
deavour to. aflign from. what has been
faid. Nitre, when fet on Fire, burns with
more Rapidity and Violence than any Bo-
dy we know of, its burning is a kind of
Explofion, and produces a very fierce and:
clattic Flame, for which Reafon itisa ne-
ceffary Ingredient in Gun-powder, Pulvis
Sulminans, and all other fulminating Com-
pounds, When therefore a Picce of Nitre
takes Fire, its elaftic Flame drives off the
Fumes and Vapours (with which the Air
in the Veflel may be then faturamd) and
defends the burning Matter, {o that they
cannot fettle upon it and extinguifh it, as:
they do other Bodies that burn flowly and
wichout any Explofion. And ¢n this Ac-
count Nitre, and other inflammable Mat-
ter mixed with it, will burn in clofe Vef-,
fels, orevenin Pacuo. This will further
appear from confidering the Manner in
which WNitrs firk takes Fire, ‘and the Rea-

fon.
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fon of its exploding Quality. Nitre will

fot burn by idelf tho’ melted and made

“xd hot, but when it comes in' Conta&
with any Body altually on Fire, and

which therefore contains an inflammable

Matter, or (as it is called) the P/Jlagz_'/t‘ori,

It burfts into a Flame. Here the Chy-

mifts fay, that the acid Spiric of the Nitre

unites fo rapidly with the Phlogifbon, which

15 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

firong Acid of Nitre on any thick effential

Oil, which confifts almoft wholly of the

Phlogifton, for then the Mixture will fud-

denly burftinto a Flame with a violent

Explofion. Therefore fo long as Nitre

and the inflammable Matter are thus in

Conta@, no Fumes or Vapours floating
about them can prevent that rapid Union

" between their Parts which muft neceffari-
ly make them continue to burn. The

Air, which is produced from burning

Nitre, may poflibly add to the Elafticity

of its Flame, ButI do not think it pro-

bable
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bable that this Air can contribute ‘much
to keep a large Quantity of Nitre burn-
ing fo long as it will do _in a clofe
Veffel. : :

Having thus fhewn by what Property
Air produces the Evaporation of Fluidé
and feveral other Effeéts, I come now to
treat of thofe Vapours that are raifed
merely -by Heat. Although the Parti-
cles of Fluids in comimon Evaporation
are raifed into the Atmofphere by the at-
tra@ting and diffolving Power of the Air,
yet in fome particular Cafes Vapours will
be raifed by other Caufes. TFor in fome
Places the Earth often fends forth hot
elaftic Vapours that rife into the Aif by
‘means of their Elafticity, and carry up
-with thery Mineral and Foffile Particles
of different 'Kinds. Fermentation gene-
rates elaftic Vapcurs which expand them-
felves into the Air. And the Particles
of Water and other Fluids, when fuffici-
- ently. heated, aequire a repelling Force
which feparates them from the Susface,
and throws them upwards into the Ainm

But
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-But all thefe Vapours foon lofe that E-
lafticity by which they.were at firft raifed,
-and they muft then be retained and kept
Afufpended in the Air by the fame Power
that keeps up all the Vapours that rife
without any Elafticity in common Eva-
Poration.

‘That the Particles of Steam which rife
from hot Water are endued wish a repell-
-lng Force, appears plainly whén -Water
Is. hoiled in a clofe Veffel, for then the
.Steam becomes fo exceedingly elaftic that
it will burft the ftrongeft Veflel, In this
‘Cafe. the boiling Water, being firongly
Prefled by the Force of the included
Steam, conceives a much- greater Heat
than it will ever do in an open Veflel;
- for even vyhcn Water is boiled in the o-
Pen Air it.is fomewhat hotter when the
Atmofphere is heavy,  than when it is
light, which fhews that Preffure upan
'.bolhng Water encreafes its -Heat; the
Reafon of which we may perhaps fec pre-.
ﬁ'"Rly But the moft remarkable Phe-
Bomenon 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.
Boerbaave, in his Elements of Chymiftry,
proves by feveral Arguments, that thefe
Bubbles do not arife from Air, and with
Regard to their Produion, he feems to
be of the fame Opinion with Stzirs, (to
whofe Work he refers) that they arife
from fome: attive Fires refiding in the
Water, Marriotte, whom ‘he’ alfo men-
tions on this Occafion, calls thefe Bub-
“bles Fulminations, and fuppofes that they
may proceed from fome Kind of faline
Particles contained in the Water, which,
_being heated, at in the fame Manner
that the Aurum fulminans does when
heated. It has been alfo a received O-
pinion that thefe Bubbles are occafioned
by fome fubtile elaftic Fluid tranfimitted
from the Fire through the Bottom of the
Veflel, and this, I think, was the Opxmon
of Hombery. However I conccive 'that
a Fluid fo {ubtile ds to pafs thro' the Bot-

tom
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tom of the Veffel, would pafs alfo thro’

the Water fo eafily as nor to difturb it ;

and therefore I have for fome Time

fufpected, that thefe Bubbles are formed

only by an elaftic Steam, in the Manner

I fhall 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

fhall be able to overcome this Preffure,

and. expand themfelves into a.greater

Space, Now fince Heat expands Water

and makes its Particles repel each other,

according to its different Degrees, we

muft fuppofe that thefe Particles, from

their being in Conta&t with the Bottom

of the Veflel, will at length acquire fuch

3 Degree of Heat as will give them a re-

Ptllmg Force fufficient to overcome the

Preflure
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Preflure they fuftain, and to expand them
fuddenly into thofe large Bubbles that
afcend thro’ the Water when it boils
violently.

I have lately made fome Obfervations
and Experiments which feem to confirm
shis 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
yeach the Surface, which thews 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 juft boiled, or
is even confiderably lefs hot than boiling
Water, is poured into a Glafs and fet un-
der the 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 it, In this Cale, no fubtiie

: Fluid
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Fluid can be fuppofed to rife thro’ the
Bottom of the Veflel, but the Heat which
the 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 thefe Bub-
bles are compofed of Steam appeass
Plainly from this. Experiment, for as
foon as they begin to afcend the Receiver
1s 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 Zacua boils
Wwith a very fmall Degree of Heat.

After a Veflel of Water had boiled
:till 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, thatafcended under the
Glafs, remained in the upper Part of it,
and forced out the Water it before con-
tained, and then the claftic Matter in the
Glafs overturned i, and afcended to the
“Top in onc large Bubble, upon which

the
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‘the Steam on the Surface was much en-
creafed. , Now this thews that the Mat-
‘ter contained in thefe Bubbles, which at
firft is quite tranfparent, -being a very
rare and homogeneous Fluid, appears
afterwards like Stcam when it is mixed
with the Air. But I thought I fhould
‘make a conclufive Experiment if I could
~obferve the Effects of a very hot Steams
“conveyed under boiling Water. There-
fore when an Zolipile had boiled till alb
the Air was. driven out of the Water it
contained, without taking it off the Fire,
I immerfed its Pipe into a Veffel of Wa-
ter which had juft been boiled, and: im-~
mediately the Steam that iffued from the
'Pipe rofe up in very large Bubbles thro”
the Water, and made it appear to boil vio-
‘lently. 1 then held a large Glafs of cold
‘Water, fo that the Plpe of the boiling &o-
lipile was immerfed in it; at firlt none of
thefe Bubbles appeared, for the Steam, be-
ingthen condenfed by the cold Wd[t‘l‘, was.
mixed thro’ it, making a very loud and
uncommon Noife: but as foon as the
Water in the Glafs grew very hot, this
Noile
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Noife ceafed, and the Steam, being no
10ngcr condenfed, rofe in large Bubbles,

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

Thefe Obfervations and Experiments
feem to difcover fully to us the Nature.
Of thofe Bubbles that afcend thro’ boil-
Ing Water ; and lead me to make fome
further Remarks on the Degrees of Heat
that different Liquors acquire in boiling,

The Parts of a Fluid neareft the Bot-
om of a Vefitl grow hot firft, and being
then expanded and made lighter, they
afcend and change Place with the colder
and heavier Parts, which occafions that
Inteftine Motion we perceive in Liquors
While they are growing hot. And thus
the Heat of the Whole will continue to
Increafe, until thofe Particles, that are in

onta@ with the Bottom of the Vefiel,
dcquire fuch a Degree of Heat as will
Bive them a repelling Force fufficient to
Overcome the Weight of the Atmofphere,
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 bue lit-
tle fuperior to that ‘of the F luid, and juft
fufficient to keep them expanded, if they’
were to lofe any of it, by communicating
it to the Fluid in their Afcent, they would‘
all difappear before they got to the'Sur-
face, as the very fmall ones do which af-
cend but flowly; 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 fameé’
Degree of Heat. [c] Provided it be fuch,

[c] That thefe Bubbles arc rcally hotter than:
the other Parts of the Fluid, I found by immerf-,
ing a Mercurial Thermometer with Fabrenbeit’s
Scale into a Veflel of boiling Water, for it rof¢
one Degree higher when held among the Bubbles’
where they were moft numerous, than it did in
the other Parts of the Water. ’

a Fluid
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3 Fluid as will not grow denfer or more.
Vileid and tenacious by boiling, and of.
this Kind are Mercury, Water, Spirit of
Wine, and feveral others, for thefe Flu-
s yre found to boil refpectively with
600, 212, and 175 Degrees of Heat,
A afterwards they do not grow hotter.
The Reafon of which is plain, for whilft.
the Preffure upon a Fluid, and its Denfi-
% and Tengcity continue the fame, the
fame Degree of Heat will always be
fafficient to feparate its Particles and ex-
Pand them into Steam; which is the
Breateft Effect rthat Fire can produce on
dny Fluid without attually inlaming ir.
¢nce it is obvious that an additional
effure on boiling Liquors, or an En-
Sreafe of their Denfity or Tenacity, will,.
¥ keeping their Particles more ftrongly
Wgether, enable them to bear a greater
Degrce of Heat before they are expand-
*d into Steam and begin to boil. It is
Very obfervable that all oily Liquors,
Yhich refract the Rays of Light more
Tongly than others do, acquire alfo a
Much greater Heat in boilings Thus
oil
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Oil of Turpentine and other thin effen~
tial Oils, that are procured by Diftilla-
tion, boil with about 560 Degrees of
Heat, which however as the boiling con-
tinves is always encreafling; 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 Degrecs of Heaty
which is the fame with that of boiling
Mercuty, 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 hottef
by boiling, and at length their Heat
encreafes {o much that they burft int0
Flame.

There is indeed one Obfervations
which, if true, would contradi&t what
I have faid as to the Heat of boiling
Liquors being in fome Meafure owing
to their Vifcidity ; for it is commonlf

4 faid
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Yaid thar Tar, which is a vifcid Liquor,
boils wich fo fmall .2 Degree of Henr,
that the Workmen fkim the Drofs off it.
With their Hands. But this I found to

¢ only the Appearance of boiling, for

aving placed a Veflel of Tar on the
Fire 3 as foon as the Thermometer (hew-
€d it to be a little hotter than the human
Blood, great Quantity of Air rofe out
“f it in Froth and Bubbles, carrying up
fome Drofs with it, and then 1 could ea-
fly pear to hold my Finger in‘it; but
foon after, when the Tar began really to.
boil, the Thermometer rofe as high as it
does in boiling Water, and was ftill rif-
Ing,  [or Tar, when one Half of it is -

Oiled away, becomes Pitch; and it is
Well known that ‘boiling Pitch is hotter
thap boiling Water; fo that this Experi-
Ment correfponds exatly with the The-
@Y 1 have laid down in Regard to the
Heat of boiling Liquors.

Hitherto we have confidered only the
“Heats of fuch Degrees of llear as are
8rear enough to expand Liquors into

D large
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large Bubbles and make them boil, or to
raife a vifible Steam from their Surface,
but I find it neceflary (for a Reafon I
thall mention prefently) to confider alfo
the Effects of the leffer 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 Contaét as would render
them hard. Now I fhall thew 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 Diftinétion’s fake, I thall call
an Effuvium. Under a large Glafs fer 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 Effuvium
is ralfed from the Water, but it rifes too

flowly and in too fmall a Quantity to be-
: come
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come vifible till it is condenfed on the
Glafs. As Steam rifes from Hot Li-
quors more abundantly when the Preffure
of the Atmofphere is taken away, it may
be fuppofed that this Effuvium will alfo
Tife more copioufly from colder Liquors
in the fame Cafe, as-we fhall fee it really

~does by what follows. From a great
Number of Experiments made with Spirit

“of Wine, of different Degrees of Strength,
Tfound that, at a Medium, the Quantities

loft in the fame Time in a clofe Receiver

full of Air, in one on'y half full of Air, in

Air rarefied two andforty Times,and in the

Open Air, were nearly in the Proportion of
1, 13, 6, and 48. The fame Kind of Spirit

Wagsufedin each Experiment, the Time was
24 Hours, and the Spirit'was contained in

€qual 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 Circum-

ftances, before 1 put it into the Cups 1

‘_ircw from it all the Air I could by the
A:ll‘-pump, which could not rarefy the

Air in the Receiver more than two and

D 2 forty
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forty Times; it was neceffary to do this,
becaufe the Spirit loft five or fix Grains
in a few Minutes while the Air was
drawing from it by the firlt Exhauflion
of the Receiver, and a Quantity lefs
and lefs during the fecond and third Ex-
hauftions. A Cup of Water, when in
a warm Room, loft one Grain on the firft
Exhauftion, 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 loft
35 Grains in the open Air; but Ice that
was thawing, or Water with Icein it, did
not lofe any Thing in the exhaulted Re-
cciver, or in a clofe Receiver full of Air.
‘T'hefe Experiments were made in a large
Room without a Fire, and the Fluids,
whofe Lofles I compared togcthcr, had
the fame Degree of Heat,

" The Spirit of Wine, which is fo eafily
rarcfied by Mear, and which has always
more Heat than is fufficient to keep it
fluid, loft in every Experiment confider-
ably morc 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

eat than was neceflary to keep it fluid,
I'think the rifing of an Efluvium from
thefe Liquors may jultly be aferibed to
the repelling Force given to their Pari-
cles by certain Degrees of Heat.  The
Air in the Receiver did not contribute
to this Effed, but on the Contrary pre-
vented ir, in a great Meafure, by its Prefs
{ure, for the more Air was drawn from the
Receiver, the greater Quantity of this
EfMuvium arofe. Tobferved, that when
the Air was rarefied two and forty T'imes,
the Effluvium that rofz from the Spirit,
which was fometiimes near forty Grains in
twenty - four Iours, not being fupported
f)y a futlicient Quantity of Air, and lofing
1ts firft Elalticity by being very much ¢x-
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
out of the Receiver, for the Effluvium
Which then afcended (amountipg general-

D3 ly
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ly to eight or nine Grains) was fupported
by the remaining Air; but when I rarefied
this Air fuddenly, as in an Experiment
before mentioned, (Page 37.) the Efftu-
vium was immediately gathered into a vaft
Number of vifible Drops, and fell to the
Bottom. This plainly thews that the Lif-
fuvia which are raifed from Liquors, by
thefe very fmall Degrees of Fleat, cannot
continue fufpended, unlefs they are fup-
ported by a fufficient Quantity of Air.

'T thought it neceffary to make thefe
Experiments and Obfervations, in Order
to obviate an Objetion which might be
made to-the Principle I have endeavoured
to eftablifh. For, as it is found that Flu.
ids Jofe of their Weightboth in an exhauft-
¢d Receiver, and in the open Air, i¢
might be faid that this Lofs proceeded,
from the fame Caufe in both Cafes, and
therefore that common Evaporation did
not depend on the diffolving Power of
the Air. But from thefe Experiments, I
think, we might give a fufficient Anfwer
to fuch an Objction, For it appears,

firlt;



OF VAPOURS, &e. 73

firft; that Ice, or Water that has no more
Heat than is neceffary to keep it fuid,
lofe nothing of their Weight in an ex-
haufted Receiver, tho’ they lofe very con-
fiderably in the open Air. Secondly s
The Quantity which the Spirit of Wine
bt 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-
viam. And further, the Quantity loft
by Evaporation was forty-cight Times
greater than what was loft, in the fame
Time, by an Efuvium, when the Re-
eciver was full of Air; therefore, fuppof-
ing the fame Efuvium to rife from it
in the open Air, we muft allow that of
the whole Quantity which the Spirit of
_VVinc loft in the open Air, one Part only
In forty-eight could be owing to that Ef-
Ruvium which is occafioned merely by its
Heat, confequently forty-feven Parts
muft have been carried off by fome very

D4 Pow-
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powerful Action of the Air; which muft
alfo be the fole Caufe of the Evaporation:
of Ice or very cold Water, which are
found not to emit any Effluvia in an cx-
haufted Recciver.  And this A&ion of
the Air I have fhewn to be its diffolving
Power.

‘Before we conclude, it may not be aniifs
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
Subtilty and. Elafticity. it is capable of
being cafily taken into the Lungs of Ani-
mals; and by its attrading and diffolving
Power it carries on that Perfpiration, both
internal and external, which. we find is
neceffary 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-
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Circulation of Mbpifture. 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 extinguifh them.

By its Weight and Preffure 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 neceffary for all thofe
Ufes to which boiling Liquors are applied.
By the fame Preflure 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 fubfervient ; which are too many to
be enumerated, and too well known to
tequire being particularly mentioned..
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OBSERVATIONS
AND

CONJECTURES, &

L&/&S% AV IN G obferved that fome
g H & Jace ‘Writers, who endeavour to
Py revive the exploded Hypothe-
fis of an univerfal Plenum, bring Argu-
ments in Favour of their Opinion from
what Sir Ifaac Newton fays of the Afcent
of Comet’s Thails in a Diretion oppofite
to the Sun 3 I was induced to reconfider
his ‘Account of that Matter, which, I
own, never appeared fatisfactory to me
tho' I agree intirely with him that this

' Phenomenon
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Phznomenon affords a fufficient Proof
of a Vacyum in the Celeftial Regions.
As this is a Subjet of fome Importance
in Phyfics, I fhall, in the following Effay,,
firft, mention fuch Objeions as occur to-
me againft Sir Ifzac’s Opinion as to the
Caufe of the Afcent of Comet’s Tails;
and then offer fome Conjectures that may-
pofiibly lead to a further Knowledge of
this Subjeét, leaving them to be confirm~
ed or overthrown as future Obfervations.
and Experiments fhall determine. For
I think that Conjetures, or Hypothefes,,
when rendered probable by fome Experi-
ments, and propofed with Caution, may.
be of great Ufe by direfting our Enqui-
ries into fome certain Channel,

That. 1 may proceed methodically, I
fhall begin by relating the Pheenomena:
.of Comets as obferved by Newton, and:
other accurate Aftronomers, for I fhall:
have Occafion to refer frequently to.them..

It appears that a Comet is a Kind of

Planct which. revolves round the Sun in:
a veryy
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2 very excentric Orbit, and recedes much
farther from the Sun in its Apbelion 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
Oppofite to the Sun, it emits a fhining
Train, which we call its Tail. Itis at
its firlt Appearance very fhort, and en-
creafes as the Comet approaches towards
the Sun, and immediately after its Peribea
lien, the Tail is longeft and moft luminous,
and then is generally obferved to be fome-
what bent, and to be coavex towards
thofe Parts to which the Comet moves 3
the Convex Side being rather brighter
and better defined than the Concave Side..
When the Tail arrives at its greareft
Length, which in fome Comets has been
omputed to be 60 or 70 Millions of
Miles, it quickly decreafes and foon va-
nithes entirely, about the fame Time that
the Comet itfelf ceafes to be feen. The
Mattcr of . which the Tail is formed
1 exceedingly rare, and fo very pellucid
that the Light of the fmalleft Stars fuffers

40
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no-Diminution in pafling thro’ it, for Sir
Ifaac Newton obferves: ¢ The extraor-
¢ dinary Rarity of Comet’s Tails may be
< colle¢ted from the Stars fhining thro’
¢ them ; for the fmalleft Stars are ob-
¢ ferved to fhine 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 Phaznomena.
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 Direétion nearly oppofite to the Sun.
And with thefe Phenomena I propofe to-
compare the Opinions which are com-.
monly received concerning this Matter,

* Caudarum infignis raritas colligitur ex Aftris
per cas Tranflucentibus.—Per Immenfam vero-
Caudarum Craflitudinem, Luce pariter Solis il-.
Ipftratam, Aftra minima abfque Claritatis Detris .
mento tranflucere nofcuntur,  Principia, Page.

513. Edit, z2da,
Sit.
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Sir Jfzac 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 arofe
from the Refraction of the Light in its
Paffage from the Head of the Comet to
the Karth.  Or, laftly, that they confift-
ed of Clouds and Vapours continually
rifing from the Head of the Comet, and
going off in a Direction oppofite to the
Sun, The firft and fecond of thefe O-
Pinions he refutes, and adopts the third,
and proves by feveral Arguments, that
the Tail mult confift of fome Kind of
Vapour arifing continually from the
Head of the Comet. The Caufe of its
afcending always from the Sun, he affigns
in another Paragraph, which I fhall now
Quote at Length, tranflating it as faith-
fully as I can; it is as follows:

¢ The Afcent of Thails from the Atmo-

* fphere of Comets, and their Progrefs
* towards the Parts oppofite to the Sun,
£ Kepler afcribes to the Action of the Raystx_
‘ot
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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
< fhould yield to the A&ion of the Rays,
¢ in Spaces void of Refiftance, is not al-
# together againft Reafon; altho’ in our
¢ Regions, clogged with refifting 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
¢ 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 increafed or diminifhed, I fufpect
¢ that this Afcent of the Tails arifes ra-
¢ ther from the Rarefation of their Mat-
¢ ter, Smoke afcends in a Chimney by
“¢the Impulfe of the Air in which it
$ floats ; that Air, being rarefied by Heat
¢ and its fpecific Gravity thereby dimi-
¢ nithed, afcends and carries the Smokée
fwith it, *Why then fhould not the
¢ Tail
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‘.Tail of a Comet afcend in the fame
* Manner from the Sun? for the folar
Rays do not agitate any Medium thro’
* which they pafs, but in Refleétion or
* Refraction, the refleéting Particles by

‘that A&ion grow warm, and heat

‘the etherial Air (auram Atheream)

* with which they are mixed, which be-

* ing rarefied by this Heat, and the fpeci-

* fic Gravity by which it tended to the

¢ Sun being thereby diminithed, it will

*afcend and carry with it the refleting

* Particles of which the Tail is formed :
it conduces alfo to the Afcent of thefe

Vapours that they revolve round the
Sun, and therefore endeavour to recede

* from it ; while the Atmofphere of the
¢ Sun either i at Reft, or revolves more
ﬂowly with fuch Motion as it can ac-
$ qun'c 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
has a greater Curvature, and the Co-
Met moves in a denfer, and therefore
heavier Atmofphere of the Sun, and

¢ then
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¢ then emits a Tail of a greater Length.
¢ For the Tails, which then arife, by pres
¢ ferving their own Motion, and at the
¢ fame Time gravitating towards the Sun,
¢ will revolve about the Sun in Elipfes
¢ jult as their Heads do; and by that
¢ Motion will always accompany their
¢ Heads and adhere to them moft freely.
¢ FFor the Gravity of thofe Vapours to-
¢ wards the Sun will no more caufe the
¢« Tails to fall from the Heads to the Sun,
¢ than it will caufe the Heads to fall from
< 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 refpeét
¢ to each other, or to keep this Pofition
¢ afterwards moft freely.*

We find in this Account that Sir Jfaal

¥ Principia, Page 514
afcribes
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Acribes the Afcent of Comet’s Thails to
their being rarer and lighter, and moving
Yound the Sun more fwiftly, than the fo-
lar Atmoiphere, with which he fuppofes
them to be furrounded, whillt in the
NCigh'bourhood of the Sun ; he fays alfo,
that whatever Pofition (in Refpe@ to
fach other) the Head and Tail of a Co-
Met then receive, they will keep the
e afterwards moft treely, and in an-
Uther Place he obferves, ¢ That the ce-
“leftial Spaces muft be entirely void of
‘any Power of refifting, fince not only
“the folid Bodies of the Planets and Co-
“mets, but cven the exceeding thin Vae
‘pours, of which Comet’s Tails are
“ formed, move thro' thofe Spaces with
‘Immenfe Velocity, and yet with the
‘ greateft Freedom.” ¥—1 cannot help
thinking that this Account is lable to
Many Difficulties and Objeétions, and
that it feems not very confiftent with 1t-
¢lf, or with the Pheenomena.

1 do pot know that we have 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 mercly by the Afcent of Co-
met’s Tails from the Sun, as that Phz-
nomenon may poffibly arife 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
Effets arifing from thence will agree
with the Phznomena. When a Comet
comes into the folar Atmofphere, and is
then defcending almoft direétly to the
Sun, if the Vapours which compofe 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 Direttion
oppofite to the Sun. But as foon as the
Comet comes near the Sun, and moves
in a Direction nearly at right Angles with
the Direction of its Tail, the Vapours

5 which
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Which then arife, partaking of the great
Vclocity of the Comet, and being {peci-
fically lighter than the Medium in which
they move, and being vaftly expanded
thro’ it, muft neceffarily fuffer a Refift-
ance immenfely greater than what the
fmal] and denfe Body of the Comet meets
Wwith, and confequently cannot poffibly
keep up with it, but muft be left behind,
Or, as it were, driven backwards by the
Refiftance of that Medium into a-Line
dirc@ted towards the Parts which the
Comer has left, and therefore can ne
longer appear in a Direftion oppofite to
the Sun. And in like Manner, when a
Comet paffes its Peribelion, and begins
o afcend from the Sun, it certainly
Ought to appear ever after with its Thil
behind it, or in a Direion pointed to-
Wards the Sun; for if the Tail of the
Comet be fpecifically lighter than the
Medium in which it moves with fo great
A elocity, it muft be juft as impofiible it
fhould ‘move foremoft, as it is that a
Torch moved fwiftly thro® the Air fhould
Proje@ 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 Dire¢tion nearly oppofite to the Sumn,
I think we muft conclude that the Co-
met and its T'ail do not move in a Me-
dium heavier and denfer than the Matter
of which the Tail confifts, and confe-
quently that the conftant Afcent of the
‘T"ail from the Sun muft be owing to fome
other Caufe. For that the folar Atmo-
fphere fhould have Denfity and Weight
fufficient to raife up the Vapours of a
Comet from the Sun, and yet not be
able to give any fenfible Refiftance to
thefe Vapours in thewr rapid Progrefs
thro’ it, arc two Things inconfiltent
with each other. And therefore, fince
the Tail of a Comet is found to move as
freely as the Body does, we ought rather
to conclude that the celeftial Spaces are
void of all refifting Matter, than that
they are filled with a folar Aumofphere,
be it ever fo rare.

But there is, I think, a further Con-
fideration
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fideration which will fthew that the re-
ceived Opinion, as to the Afcent of Co-
met’s Tails, is not agreeable to the Pha-
nomena, and may at the fame Time lead
Us to fome Knowledge of the Matter of
which thefe Tails confift; which I fuipeét
is of a very different Nature from what
1t has been hicherto fuppofed to be.  Sir
Ifzac fays, the Vapours, of which the
Tail of a Comet confifts, grow hot by
reflecting the Rays of the Sun, and there-
by warm and rarefy the Medium which
furrounds them; which muft therefore
afcend from the Sun, and carry with it
the refleting Particles of which the Tail
is formed ; for he always {peaks of .the
Tail as fhining by refleted Light. But
One would rather imagine, from the Phae-
homena, that the Matter which forms a
Comet’s Tail has not the leaft fenfible
Power of refle@ing the Rays of Light.
For it appears from Sir Jfzac’s Obferva-
tion, which I have quoted already, that
the Light of the fmalleft Stars, coming
% us through the immenfe Thicknefs of
3 Comet’s Tail, does not fuffer the leaft

E Diminu-
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Diminution. And yet, if the Tail can
refleét the Light of the Sun fo copioufly,
as it muft doif its greatSplendor be owing
to fuch Refletion, it muft undoubtedly
have the fame Effe@ on the Light of the
Stars 3 that is, it muft refle€ back the
Light, which comes from the Stars
behind it, and by fo doing muft intercept
ghem from our Sight, conﬁdcnng its vaft
Thicknefs, and how exceedingly (lender
2 Ray is that comes from a fmall Star;
or -if it did not intercept thgir whole
Light, it muft, at leaft, increafe cheir
Twinkling, But we do not find that it
‘has even this fmall Effel, for thofe Stars
that appear thro’ the Tail are not ob-
ferved to twinkle more than others in
their Neighbourhood.  Since therefore
this Fact is fupported &y Obfervations,
what can be a plainer Proof that the Mat-
ter of a Comet’s Tail has no Power of re-
flecting the Rays of Light? and confe-
.quently that it muft be a felf-thining
Subftance. But the fame Thing will fur-
ther appear, from confidering that Bodics
xefle€t and refraé Light by one and the

fame
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fame Power; and therefore if Comet’s
Tails want the Power of refrafting the
Rays of Light, they muft alfo want the
Power of refle@ing them. Now, that
they want this refraéting Power appears
from hence, if that great Column of
tranfparent Matter which forms a Co-
met’s Tail, and moves either in a Pacu-
um, or in fome Medium of a different
Denfity from its own, had any Power of
refratting a Ray of Light, coming thro®
it from a Star to us, that Ray muft be
turned far out of its Way in paffing over
the great Diftance between the Comet
and the Earth ; and, therefore, we thould
very fenfibly perceive the fmalleft Re-
fragion that the Light of the Stars might
fuffer in pafling through a Comet’s Tail,
The Confequence of fuch a Refraction
Mmuft 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 thould fee their Images behind
The Tail, by Means of their Rays which
¥ might refract to our Eyes; and thofe

E2 Stars
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Stars that were really behind the Tail
would difappear in fome Situations, their
Rays being turned afide from us by Re-
fraction. In fhort, 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-
ftronomers have not mentioned any fuch
apparent Changes of Place among the
Stars, Itake it for granted that the Stars
feen thro’ all Parts of a Comet’s T'ail ap-
pear in their proper Places, and with
their ufual Colours, and confequently I
infer that the Rays of Light fuffer no
Refration in paffing thro’ a Comet’s
Tail. . And thence I conclude (as before)
that the Matrer of a Comet’s Tail has
not the Power of refracting or reflecting
the Rays of Light, and malt therefore
be a lucid or felf-thining Subftance.

And thus if I have argued rightly from
the Phxnomena, it muft appear, that the
Tail
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Tail of a Comet does not confift of aque-
us or other Vapours, that fhine by ré-
fleing the Light of the Sun, butis a ve-
Ty rare, tranfparent and lucid Subftance,
Which has no Sort of Effect on the Rays
of Ligiht that pafs thro’ it, and that it is
thrown off from the dark Hemifphere of
the Comet in a Direction oppofite to the
Sun, not by the fuperior Weight and
Dcnﬁty of any circumambicnt Medium,
but by fome other Caute that has not yet.
been difcovered.

This feems to me to be all the Know-
tdge we can acquire of the Nature and
Properties of that Matter which forms the
Tails of Comets, by attending merely to
the Phenomenon itfelf, But perhaps we
May be able to extend this Knowledge
fomewhat further, if we could find any
Other Phanomenon in Nature which re-

fembles this of Comet’s Tails, and can be-
come acquainted with any Kind of Matter
that has the fame Properties with that of
Which they are formed. Now I have of-
ten obferved a Phanomenon that, I thinl,
E 3 very
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very firongly refembles the Tail of 4 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 Direétion
nearly oppofite to the Sun, from the dark
Hemifphere of the Earth, and principally
from the more Northern and colder Re-
gions of our Atmofphere. This Appear-
ance is fo luminous that it has been from
thence called the Aurora Borealis ; 1t is
now fo common and well known that I
fhall not deferibe it particularly, and will
only take Notice of thofe Circumftances
in which it chiefly refembles a Comet’s
Tail. . Thofe Northern Lights never ap«
pear, at leaft in any remarkable Degree,
foon after Sun-fet or before Sun-rife, tho’
i may be then dark enough to make them
vifible, but generally from about ten
o’Clock at Night till one in the Morning;
and the very long Streams of Light,
which iffue frequently from the Northern
Parts of our Atmolphere, feem fill to
tend towards the Zenith of that Place
~whene the Speétator is, and fometimes

get
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get. beyond the Zenith, and appear to the
Southward of it; which fhews thart thefe
Streams of Light tend towards the Ver-
tex of the Farth’s Shadow, thatis, to-
wards the Part of the Heavens whiclt
is oppofite to the Sun. From the great
Length of thefe Streams of Light, which:
feem always moving upwards, we may
eonclude that they extend to a greas
Fleight in the Atmofphere, and probably
rife far above it. For by the Accounts
we have of an Aurora Borealis, obferved:
in England on the Sixth of March, 1716,
it was vifible from the Weft Side of Zr¢-
land, to the Confines of Ruffia and Pa-
land, and probably farther to the Eaft;
fo that it extended at leaft over thircy
Degrees of Longitude, and . from about
the fiftieth Degree of Latitude over al-
moft all the North of Exrepe, 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 ter
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ter,which appears in an Aurora Borealis,
bemor fo 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 Speétator 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
fecm unlteady, changeable in its Shape,
and of a fhort Continuance ; but whilft
it lafted, it muft, both in its Direétion,
and in the Nature and Appearance of its
Light, very much refemble the Tail of a
Comet.  And if fuch a Spectator was to
obferve the Earth for a Year, he might
perccive a further Refemblance in this
Refpet between the Earth and a Comet;
for as the Tail of a Comet appears only
a fhort Time before and after its Peribe-
Yon, fo he would {fee this luminous Mat-
ter rife from the Earth frequently whilft
it was moving from the Autumnal to the
Vernal Equinox, thro’ the Half of its
Orbit that is neareft to the Sun, and very

feldom
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feldom 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 Awrora Borealis and
that of a Comet’s Tail are very like each:
ather in their Appearance,. and in their
Situation, with Refpe& to the Sun and
the Bodies from which.they flow. And if
Wwe examine further, we fhall find that
.they have exactly.the fame Properties; for
the Matter of which the Aurora Borealis
Confifts is not only, very, rare, tran{pareng
and lucid, but is alfo found.to have no Sort
of Effett on the Rays of Light which-
Bafs thro’ it, This I have often obferved,.
and particularly at one Time when there
appeared here an Aurora Borealis,* which
forits Extent, for.the Quantity, Brightnefs
and Steadinels of its Lights, was the
Moft: remarkable one I ever faw; fome
Parts of it appeared like very denfe white
Clouds, illuminated by a full Moon, bue
With a more vivid Brightnefs ; and yet
thro’ one of the denfelt and whiteRt of -

O&oler 16th or.17th, 1763,
E 5 thefe
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thefe Clouds,. I could plainly fee the
fmallet Star in the: Plefades, and could
not perceive that its Splendor was at all-
diminifhed, or that it even twinkled more
than. it did before this lucid Matter wass
interpofed, which; as it moved with a-
quick tremulous Motion, muft have. at
leaft increafed the Twinkling of the
Stars, if it had any Sort of Effeét on the-
Rays whieh paffed thro®it. Since then.
the Matter. of a.Comet’s.Tail, and that.
of the Aurora Borealis are alike in their:
Appearance,, and agree alfo-in their Pro--
perties, we have fome Reafon to fuppofe

that they are- Subftances of the fame
Kind.

Iaving gained this Step, we may. go*
on in our Enquiries, and try if any. other”
Subftance, that we are better acquainted:
with, has the fame Properties with the’
Subftance of which Comet’s Thails and the:
Aurora Borealis are formed. It is now
well known that our Atmofphere abound$
with eleéric Matter, which i1s more of

lefs contained in all Bodies 3 tnis Matter”
19
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18 never vifible but whilft it is paffing
from one Body to another;. thro® thé ‘Alr
Or a Facuum, it then appears to be a very
Tare, {ubtile, fhining Subftance. We often
fee it flathing from one Cloud to another,
Or into the Karth, 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 elerified, we- fee.very"
Yright.Sparks iffue-from it to our Finger.
It.feems that Air, in its common State of .
Condenfation, refifts the Egrefs -of. the.
-eletric. Matter from Bodies in which'it is -
accumulated, efpecially if they are round-
and:fmooth, and when.it forces its Way
it feems to:come out, as it were, all at
ance, and in a very condenfed Srate, and
therefore it appears very bright. But if
the ‘Air be confiderably rarefied, its Ré.-
fiftance is-thereby greatly. leffened, .and
the ele@ric: Matter cannet. be accumue--
lated in a Body furrounded .by fuch Air,
for in that Cafe; as faft as it is commu-
‘hicated to the Body itwill iffue oug from -
Various Parts of. it in fmall Streams of a
Ee6 faint .
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faint Light, as will appear from fome
Experiments T fhall have Oceafion to
mention prefently.

Now fince a folid Body and a Cloud,
when eleétrified in denfe Air, will both.
difcharge their Fire in the fame Manner,
that is, fuddenly and. in bright Sparks or
large bright Flathes, we muft conclude,
from Analogy, that when they are both
cleCrified in Air much rarefied, they will
then likewife difcharge their Fire in the
fame Manner, and confequently, that ap
eletrified Cloud, raifed into.the higher
and rarer Parts of the Atmofphere, will
difcharge its Fire in continued.Streams of
faint Light. And as we fometimes fee
faint. Flathes of Lightning in a Summer
Evening after Sun-fet, tho no Clouds ap-
pear ;. fa if the Vapours which rife into
the higher Part of the Atmafphere, tha’

" not-formed into Clouds, carry up with
them the ele€tric Matter, they muft dif-
charge i¢ in continued Streams of faint
Light, juft as a Cloud would do; and
thofe. Streams of Light in the higher

Parts,
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Parts of the Atmofphere muft exaltly
reprefent to us the Appearance of an
Aurora Borealis. Any one will readily
perceive a ftrong Refemblance between
the Aurora Borealis and the eleric 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
Wual ; the elettric Fire will then appear
1n the Infide of the Globe, fhooting out
in various Branches of faint Light, crofs-
ing each other in all Dire&ions, and this
Light will fometimes appear tinged with
different Colours; when the Air is very
much rarefied, the Light appears. white,
and grows more of apurple Colour as more
Air is admitted into the Globe, [a] I

[a] This Experiment was firft made by Mr.
Hawk/bee, and has fince been often repeated ;-and
I find that the Aurora Borealis has of late been
§enerally fuppofed to be an eleétrical Phenome-
_Bon, though I haye npt met with any Attempt t0
_Brove thae it-is fo,

found



104 ‘ON THE WATURE OF THE
found this Experiment {ucceed beft when.
I held in- my Hand the Cufhion: with
which: the Globe was rubbed, and prefied
it fometimes clofely and.fometimes Qight.-
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, 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 {mall Streams of Light.
ifluing from the Wire at right Angles to-
it, and in different Directions. When I.
took hold of. the Wire T could fee but.
lietle Light in the Cylinder, fo found it.
was neceffary- to keep.my Finger at a.
{mall Diftance, and let the electric Mat.
ter come to the Wire in fucceflive Sparks.-
I thought the Lights that:iffbed from the-
‘Wire were brighteft when it was oiled, -
and wheén the Air was about 30 Times’
rarer tha the outward Air, Several Per-
' fons:
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fons almoft as foon as they faw the elec.
tric Lights compared them to the Ap-
Pearance of the durora Borealis; and cer-
tainly thefe two Phznomena refemble
each 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
electric Lights appeared very white, and:
became more ef a purple Colour as more:
Air was admitted into the Globe ;. juft fo
the long Streams.of 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
eleCtric 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 Aurore
Borealis may poffibly arife from a Charge
of Denfity in the higher Parts of the At-
mofphere, For where the Air is fo very
thin it may be fubje® to very fudden

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

But the eleétric Matter appears to be of
the fame kind of Subftance which. forms
the Aurora Borealis, and the Tails of Co-
mets, by its having alfo that remarkable
Property of letting the Rays of Light
pafs thro’ it, without having any Sort of
Effe& upon them. And this I found by
feveral Experiments, for I obferved that
fmall Rays of Light, pafling over fharp
" Points, and by the Edges of Knives,
from whence the cle@ric. Matter iffued
abundantly, were affefted in the very
fame Manner as when thefe Points and
Edges were not eleCtrified. Having pro-
vided a large Pane of Glas properly
coated on both Sides with thin fheet
Lead, I made two fmall Holes in the

Lead, oppofite to each other, for a Ray
of:
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of Light to pafs thro’; and I found this

ay was no more refracted in its Paflage
thro’ the Holes, when one Side of the
Glafs was cle€rified plus, and the other
Minys, than it was before the Glafs was
tle@trified-at all, or after the eleétric Mat-
ter was difcharged, which fhews that the .
Accumulation, or the Abfence of this

atter no way contributed to encreale
Or diminith the refractive Power of the
Glafs, I found that when Water was
tle@trified, no Change was made either
I its Power of refralting or refleCting
the Rays of Light.

I made many other Experiments of the
fame Kind, too tedious to defcribe, and
'ﬂl‘ey all led me to conclude that the elec-
e Matter had no Sort of Effe& on the
Rays of Light that paffed thro’ it. Since
then ¢he cle&tric Matter feems to be of the
Ame Nature with that which forins the
Aurorq Borealis, and abounds much in the

tmofphere, and, when it gets into the
Yarer Parts of i, will, by its known Pro-
Perties, exhibit to us an Appearance like

' that
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that of the Aurera Borealis, we muft ac-
knowledge it to bea Caufe really exittingy
and {ufficient to explain this Phanome-
non, and therefore we may afcribe the
Appearance of an Aurora Borealis to the
Rifing of the eleéric 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 eleCtric Matter is fre-
quently difcharged from the lower Clouds
in Lightning, and {o returns to the Earth,
we [carce ever fee an Aurora Borealis; but
at other Times, when it is not ufually dif-
eharged in Lightning, it may rife higher
into the Atmofphere, and will occafion
more frequent Appearances. of this Kind-
And this probably is the Reafon why
thefe Appearances are more frequent i
eold than in warm Climates, the formef
being lefs fubjet to. Storms of Thundes
and Lightning than the latter. InCoun-
tries that lie far to the North, the Av
rora Borealis is {aid to fhine much brighte?
than with us, and to appear almoft every
Night.

A$
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As the preceding Confiderations feem to
Make it probable that the Tails of Comets
tonfit of the fame Kind of Subftance
Which forms the Aurcra Borealis, and that
this is no other than the eleftric Matter 3
I thal] affume this as a Principle, and try
if 1 can from thence account, in fome
Meafure, for the Phznomenon of Co-
Mme’s Tails, and in doing this I fhall have
an Opportunity of making fome Obferva-
tions which may ferve to fhew a further
Refemblance between thofe three Subftan-
Ses that I have compared together. The
Earth, and all Bodies near it, contain
More or lefs of the elettric Matter, and
tho’ it'may be accumulated in fome Bo-
dies, and diminifhed in others, we eannot:
be fure that any Body may be totally de-
Prived of it, but on the contrary have
8reat Reafon to think it can neither be in-
Lreafed nor diminifhed in any Body be.
Yond a certain Degree; we maft therefore
fuppofe that it is contained in all Bodies
1 our folar Syftem. Some Bodies, fuch
8 Glafs, Amber and others, that are called
Eleﬁric.r, attract and retain this Matter

more
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more ftrongly than thofe do which are
called Non-Elegtrics, for an eleétric Body
will draw this Matter from one that is not
elettric, againft which it is rubbed, and it
will alfo ftop the eleftric Matter in its
Progrefs from one Body to another, and
therefore an eleétric Body is called a Non-
conduélor, in Oppofition to other Bodies
thro’ which the ele@tric Matter readily
pafies.  But we find that any Body, even
the moft eleCtric, if fufficienty heated,
will become a Conduélor, or will let the
eleétric Matter pafs from it very eafily,
and therefore we conclude that Heat dif-
pofes all Bodies readily to part with the
clectric 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 paré
with the eleftric Matter, which it may
poflibly contain in great Abundance, and

this Matter, when thrown offy, will exhibi
114
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0 us the Appearance of a thining T'rain
a3 it does in the Aurora Borealis ; and as
the Comet comes to its Peribelion, and the
Heat increafes, 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-
Creafe, and this Matter being pretty much
¢xhaufted, the Tail will be contrated in
Its Dimenfions, and at length will be too
far removed, and grow too faint to be ob-
ferved.

As a Comet is expofed to vaft Extremes
of Heat and Cold, Light and Darknefs,
We may well fuppofe it to be uninhabited,
and if fo, it is not neceflary that it thould
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 eleétric Matter which rifes from
the Earth goes off into the colder Regions
of the Atmofphere, and in a Direction
fiearly oppofite to the Sun, and I believe

we
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we have no Inftance of what we call the
Aurora Borealis appearing between the
Tropicks. Why then fhould not this
Matter take the fame Courfe in its' 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 eletric Matter in its Progrefs,
and colle¢ting it together may return ‘it
back to the Head of the Comet in Light-
ring, as our Clouds in hot Countries re-
turn their ele@ric Matter into the Earth.
Befides as we find that the eleétric Mattef
pafes off from a Body where it is rough
or pointed, much more readily than wher€
it is round and fmooth, fo it is poflible
that the Hemifphere of the Comet, which
is turned from the Sun, may be fo formed
as to part with the eleétric Matter mor®
readily than the other, which is turned t0*

) wards
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‘Wards the Sun, and in whatever Dire@ion
the eleétric Matter is thrown off from any
Body, we find it continues to move with
immenfe Velocity, as I obferved in the
Streams of eleftric Matter which iffued
Trom the Wire in the exhaufted Receiver.
T obferved alfo that thefe Streams did not
grow much thicker as they advanced in
their Courfe, either in the exhaufied
Globe or cylindrical Recciver; nor did
they feem difpofed to expand themfelves
nto the Space that furrounded them, but
Went ftraight forward, juft asa Ray of fo-
lar Light would do. And thus the Mat-
ter whicl iffues from a Comet proceeds
n the fame Diretion in which it is thrown
off, and forms that large Column, which
We call the Tail; and we fee that the Mae-
ter of which the Tail confifts has very lit-
tle or no Difpofition to expand itfelf into
the furrounding Spaces; for the Tail is
ot much broader towards the End than
f¢ar the Head of the Comet. This I
Yink 52 moft extraordinary Property,
Ot of the eleftric Matter and of that
Which forms a Comet’s Tail, and which

is
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is 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 repulfive and expanfive 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 fhould be able to fay how
it can furnith fuch a vaft Quantity of this
ele&tric 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 Direétion. Futur€
Experiments and Obfervations will eicher
confirm thefe Conjettures of mine, of

{uggeft others more probable ; but no¥
WwE
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we can only argue by Analogy from the
rifing of the electric Matter thro* the
colder Regions of our Atmofphere in the
Aurora Borealis, that the fame Effet will
take Place in the Atmofphere of a Co-
met, and from the fame Caufe, whatever
that may be.

Sir Ifaac Newton obferves that the
Thail of the Comet which came to its
Peribelion on the eighth of December,
1680, appeared about the Middle of Fa-
nuary following to be bent into a Curve.
Now as the Tail was convex towards
thofe Parts which the Comet moved, this
Bending might feem to arife from its
mecting with fome refifting Matter ; but
this Curvature was much lefs than what
would arife from a refitting Matter denfer
than the Tail, and whofe fuperior Gra-
vity would be able to raife it up from
the Sun; for he tells us that on the 5th
of Yanuary, 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

I’ only
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.only 8 Degrees with a great Circle pafl-
ing thro’ the Sun and Comet. But that
this Curvature was not owing to any re-
fiting Matter appears from hence, that
the Tail muft be bent into a Curve tho’
it met with no Refiftance ; for it could
not be a right Line, unlefs all its Particles
were projefted in parallel Dire&ions, and
awith the fame Velocity, and unlefs the
Comet moved umformly in a right Line.
But the Comet moves m a Curve, and
cach Part of the Tail i§ projected in a
Direftion oppofite to the Sun, and at the
fame Time partakes of the Motion of
the Comet ; fo that the differett Parts of
the Tail muft move on in Lines which
diverge from each other; and a Line
drawn from the Head of a Comet to the
Extremity of the Tail will be paralle] to
a Line drawn from the Sun to the Place
where the Comet was, when that Part of
the Tail began to afcend, as Sir Jfaac ob-
ferves; and fo all the Chords, or Lines
drawn from the Head of the Comet to
the intermediate Parts of the Tail, will
be refpeltively parallel to Lines drawn
from



AURORA BOREALIS, &t 114t
rom 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
Lines, they muft make different Angles,
With a great Circle pafling thro’ the Sun
and Comet, and confequently a Line
Pafling thro’ their Ixtremitics will be
4 Curve,

It is obferved that the convex Side of
the Tail which is turned from the Sun is
better defined, and fhines a little brighter
than the concave Side. Sir J/zac accounts
for this by faying, that the Vapour on the
tonvex Side is frefher (that is, has af-
Cended 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 thofe on the
Concave Side which may be nearer to the
Head of the Comet. [ think it rather
looks as if the Tail, in its rapid Motion,
met with fome flight Refiftance juft fuffi-
cient to caufe a fmall Condenfation in

Ir2 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; which flight Refitance may
arife from that fubtile Zther which is
fuppofed to be difperfed thro’ the celeflial
Regions, or from this very ele@ric Mat-
ter difperfed in the fame Manner, if it be
different from the ZEther. Here I muft
obferve that the convex Side of the Thail,
which is turned from the Sun, being
brighter than the other Side, affords an
additional Argument in Favour of what
1 have afferted, that the Tail does not
fhine by reflecting the Sun’s Light, And
this leads me to fay fomething of that
luminous Quality which we obferve in
the ele@ric Matter, and by which 1 fup-
pofe the Tails of Comets to fhine.

The Writers on Eleétricity tell us that
the eleétric 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 fhines, And this

Account
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Account is proved from its inflaming
other Bodies, fuch .as warm Spirits, and
from that fulphurous Smell which always
attends the eleric Matter, and which
any one will perceive from his Iland, if
he receives the eletric Sparks on it for
fome Time, and the fame Smell is more
ftrongly perceived in Places that have
‘becn ftruck by Lightning. Now thefe
nflammable Vapours which often abound
W the Air, being carried up by the elec-
tric Matter, and kindled in the higher
Parts of the Atmofphere, will caufe it to
thine and appear to us in the Aurora Bo-
*ealis, 'That the eleftric Matter can kin-
dle the inflammable Particles that it car-
ties off from Bodies, in Air highly rare-
fied, or even in vacyo, appears from its
ﬂlining in the upper Part of the Barome-
ter, in which is the moft perfelt Vacuum
We can make.

But perhaps it may be faid, that with-
out having Recourfe to the eleétric Mat-
ter, we might fuppofe the Comet, or a
8reat Part of it, to confift of fome very

F3 combultible
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combuftible Matter which may take fire
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 probable
than the one 1 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 as
burning Bodies do with us, the Elatticity
of the Flame might indeed raife it to
fome Diftance from the Body of the Co-
met, but then it would rife equally on all
Sides, oy rather to a' greater Heiglht on
the Side next the Sun, where the Heat 19
greateft, And a Flame of this kind
could not be carried up in a Direétiont
oppofite to the Sun, unlefs it were by the
fuperior Denfity and , Weight of fome
furrounding Medium- which gravitates
towards the Sun; juft as we find the
Flame of burning Bodies is raifed up-
wards by the Preffure of the furrounding
Air, But T have fhewn, in the former

Part of this Effay, that a Medium denfcs.
ano
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#nd heavier than the Tail muft refitt and
Yetard its Motion’ much more than that
of the Comeét, and therefore could never
permit the Tail to move foremoft as it
fometimes-does, but muft caufe it always
to fall behind,- and- confequently to ap<
pear as dire&ted’ towards the Sun when
the Comet has paffed its Peribelion, and
B retiring from the Sun. So that in or-~
der to’ account for- the conftant Afcent
of this luminous Matter in a Direttion
Oppofite to the Sun, we muft have Re-
Courfe- to forne« Medium thac has no fen-
fible Gravity, and thatis apt to move in
me particular Dire&tion from the Body
in which it is, and with fuch Velocity as
to carry. the burning Matter to a vaft
.Diftance from the Comet before it is en-
tirely confumed. Now I believe we do
ot know- of any Medium that has thefe
Properties except that which we call the
electric Matter. For it feems no more
affected by the Force of Gravity than the
Rays of Light are, and when it moves
freely it is apt to go on in the Direétion,’
1 which it fet out, as I obferved before,
F 4 and,
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and then it moves with fucha Velocity as
we cannot meafure, 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 kmdlmg fuch fubtile inflam-
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 ipflammable Particles are
quite confumed, the Tail of the Comet
mult end; and the ele€&ric Matter will
afterwards be invifibly difperfed thro’ the
planetary Regions, wlhere it may be ga--
thered up by the Planets in. their Courfes
round the Sun. For. fince we find this
kind of Matter placed in. all Bodies by
the ‘Wifdom of Providence, we muft
conclude it is neceffary for carrying on
the feveral Opcradons of Nature; and
we ‘know ‘it is very apt to efcape from
Bodies by its great Subtilty and repelling
Force. W lee it sifes from the Earth

intor
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into the Atmofphere, and is probably
-going off from thence when it appears in
the Aurora Borealis.. In like. Manner it
-may 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 neceffary
it fhould 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
of fupplying the Planets with Moifture,
as Sir Jfaac Newton thoyght.:- His Opi-
nion was founded on a Suppolfition that
‘all Vegetables have their Growth and In-
Creafe entirely from Water, and that fince
they do not turn again into Warter but
into Earth, there muft be a conginual
'Decay of Moifture, and therefore a frefth
Supply of it mnuft be necefiary from time
to time.* But this Suppofition does not

fecm

.* Nam Vegetabilia omnia-ex Liquoribus omnins
Cl‘efcunt, dein magna ex parte in Terram aridam
Per Putrefa@tionem abeunt, et Limus ex L1quon-
bus putrefaQis ‘perpatuo, decidit, Hinc males

Fg Turre
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‘feem to have been fufficiently grounded
on Experience. For, fince Sir Jaac
wrote, Dr. Woodward; an ingenious Phy-
fician, made feveral Experiments on Wa-
ter and Vegetables growing from it. He
‘fhews that all Water contains an earthy
Matter, and concludes: ¢Itis 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 diftributes it to the
¢ feveral Parts for their Nourjthment.
« Where the proper terfeftrial Matter is
¢ wanting, the Plant is not augmented,
¢ tho’ never {o much Water afcends into
<it.”* This is alfo the Opinion of Dr.
Beerbaave, and he affirms from his own
Experience, that pure elementary Warey
cannot, by repeated Diftillations, or other-
wife, be converted into Earth.4 ~So that

Terrz aride indies augetur, ‘& Liquores, nifi
aliunde augmentum fumerent, perpetuo decref-
scre deberent, ac tandem deficere. _
Principia, Pag. 515. Edit. zda.
® Philef. Tranfadtioni, No. 253,
+ Elemuwnts of Chymiftry, Part 2d, .
' thers
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there feems to be no Neceflity for fup-
pofing a gradual Decay of Maifture 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
muft afterwards become ufelefs, tho” they
return regularly in their Orbits, which is
Mot agreeable to the (Economy of Na-
tire, For when the Heat of the Sun
had driven all the Moifture it could from
a Comet in its Peribelion, where fhould
it afterwards get a freth Supply ? We
can fcarce fuppofe the Planets to lofe any
Moifture by Evaporation, as na Vapours
can rife above their Atmofpheres. Or
even if any very thin Vapours, Steams
or Effluvia of a.moift Nature fhould arife
from them, they could not have Heat
and Elafticity cnough to expand them-
felves very far. But the electric Matter,
from its vaft Subtilty and Velocity, feems
capable of making great Excurfions from
the planctary Syftem; and therefore the fe-
veral Cometsin theirlong Excurfions from
the Sun, in all Diretions, may overtake

I'6 this
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this Matter; and attrating it to them-
~Afelves may come back replete with it,
and bemg 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 Syftem.

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
‘¢ morepver, That that Spirit which is the
¢ leaft, but the moft fubtile and the beft
¢ Part of our Air, and is neceffary for
¢ fupporting the Life of all Things,
¢ comes chiefly from the Comets :"* which
fhews that he thought the Tails of Co-
mets might confift of fomething more
than watery Clouds and Vapours. What
he meant by thefe Words I cannot fay,
“butl think they are extremely applicable
to that kind of Matter which I have fup-

-* Porro fufpicor Spiritum illum qui Aeris
noflri pars minima eft, fed fubtilifima & optima,
& ad rerum omniym vitam requiritur ex Cometis
pracipue venire, Principia, Pag. 515.. .

% ofed
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pofed comes to us from the Comets ; and
with which our Air generally abounds.

I fhall now recapitulate, in a few
Words, the Subftance of what has been
faid.  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 fmall Condenfation on that Side of
it which moves foremoft, and thereby
may make it a lltele brighter than the
other Side) it cannot poflibly move in a
Medium denfer and heavier than itfelf,
and therefore cannot be raifed up from
the Sun by the fuperior Gravity of fuch
& Medium, And fince the Tail is not ca-
Pable of reflecting or refracting the Light
of the Stars, it cannot fhine by reflecting
dhe Sun’s Light; and confequently does
hot confift of Clouds or aqueous Va-
Pours, but is itfelf a fhining Subftance,
the Nature of which it is the Bufinefs of
Philofophers to difcover. And from what
Aftronomers fay of the Splendor of Co-
met’s Tails, I am perfuaded they do not

] fhine
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fhine with fuch a dull Light, as would be
refleGted to us by the Clouds or'Vapouts
at fp great a Diftance, but with a brifker,
tho' a 011mmermg Light, fuch as would
arife from a very thin volatile burning
Matter. And here'I muft not omit an
Obfervation of Dr. Halley’s, which feems
very much to my Purpofe. In his De-
fcription of the remarkable Aurora Bore-
alis {een in England in the Year 14716,
(which I mentioned before) {peaking of
the great Streams of Light, he fays:
They fo muck refembled the long Tails of
Comets, that at firft 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 a
Refemblance between thofe Subftances
that I have been comparing together.
Now I have fhewn that they agree re-
markably, notonly in their Appcarance,
but alfo in fuch Properties as we can ob-

® Philof. Tranfa&fions, No. 347«
4 fervg
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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 eleftric Matter, from
itsknown Properties, is capable of exhibit-
ing to us all the Phzznomena of Comet’s
Tails, and«that we may from thence
aflign the Ufe of Comets with more
Probability than has hitherto been done.

I have been lefs fcrupulous of pro-
pofing fuch Conjetures as occurred to
me concerning the Subftance that forms
the Tail of a Comet, as I confidered that
though they fhould 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-
Jeét that will be more fatisfactory, And I
think every Hypothefis relating to ‘the
Effes of the ele@ric Matter, if at all
- Plaufible, may have its Ufe, by inducing
Us ‘to make further Enquiries into the
Nature and Propertics of that Kind of
Matter,
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Matter, from a Knowledge of which I'
fufpect our future Improvements in Na-
tural Philofophy will chiefly arife; ef-
pecially in that Part of it which relates
to Fire and Heat, the Nature of which
is at prefent but little known.

AN
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‘I & ome Remarks on the Mo
#8te 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

g@ﬁﬁN this Effay 1 mean to offer

® This Effay was read at & Meeting of the
Royal Society on the 21ft and 23d of April 1765,
“ommunicated in a Letter, dated 13 Fuly 1763,
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on which, I think, we may beft explain.
their Nawure and Manner of Acting,

“The many ufeful Inftruments that
bave been fo ingenioufly invented, and
fo fuccefsfully executed, and the great’
Perfection to which the Mechanick Arts
are now arrived, would naturally incline
one to 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 neceffary Inferences
for, however Men may differ in their
Opinions about the true Method of ac-
counting for' the Effe@ts of the feveral
Machines, yet the practical Principles of
Mechanicks are fo perfe¢tly known by
Experience and Obfervation, that the Ar-
tift is thereby enabled to contrive and ad-
juft the Movements of his Engines with

as

to Matshew Rapery, Efq; F. R. S. of Thorley, in
Hertfordfbire. Vide Phil. Tranfaltions. Vol. LIIL
=~[In which fome Improvements have been fince
made by the Author.]
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#s much Certainty and Succéls as he
could do, were he thoroughly acquainted
‘with the Laws of Motion, from which
thefe 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, fhould ‘perhaps not
contribute much to promote the Progrefs
of the Mechanick Arts, yet it is an En-
Quiry in itfelf ufeful, and in fome Mea-
fure neceffary ; for, fince late Authors
have ufed very different Methods of treat-
Ing this Subjedt, it may be fuppofed that
‘0o one Method has been looked upon as
{atisfatory and unexceptionable. I fhould
therefore with to contribute towards . hav-
Ing this Subjeét treated with more Accu-
Tacy than has been hitherto done.

+ The moft noted Theorem in Mecha-

:“Cks is this, “ When two heavy Bo-

‘: dies counterpoife each other by Means

-~ of any Machine, and are then made

£¢ ..

. 10 move together, the Quantities of
«« Motion,
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¢ Motion with which one defcends 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 ffop each
.other when they meet together with
-equal Quantities of Motion, that many
Writers have thought that the Caufe of
an Aquilibrium in the feveral Machines
might be immediately affigned by faying,
that fince one Body always lofes as
much Motion as it communicates to.
another, two heavy Bodies counteraét-
ing each other muft continue at Refl).
when they are fo circumftanced that
one cannot defcend without caufing the
other to afcend at the fame Time, and
with the fame Quantity of Motion; fof
then thould one of them begin to defcends
it muft inftantly lofe its whole Motion
by communicating it to the other. Thid
Argument, however plaufible it maf
feem, I think is by no Means fatisfattory#

for-when we - fay that one Body commu”
nicatcd



OF MECHANICKS. 131
‘hicates its Motion to another, we muft
neceffarily fuppofe the Motion to exift
firft in the one and then in the other; byt
in the prefent Cafe, where the two Bodies
are fo connected that one cannot poflibly
begin to move before the other, the de-
fcending Body cannot be faid to commu-
Ricate its Motion to the other, and there~
by make it afcend: But whatever we
thould fuppofe caufes one Bady to de-
{cend, muft be alfo the immediate Caufe
of the other’s afcending, fince, from the
‘Connexion of the Bodies, it muft aé
Wpon them both together, as if they
were really but one. And therefore,
Without contradiGting the Laws of Moti~
©on, I might fuppofe the fuperior Weight
of the heavier Body, which is in itfelf
More than able to fuftain the lighter,
Would overcome the lighter, and caufe
it to afcend with - the fame Quantity of
Motion with which the heavier defcends :
®fpecially as both their Motions, taken
together, may be lefs than what the Dif-
ference of the Weights, which.is here

' fuppofed
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fuppofed 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 every
Treatife of Mechanicks, and may ferve
as a'very good Index of an Aquilibrium
in all Machines; but I do not think
that we can from thence, or from any
one general Principle, explain the Na-
ture and Effe@&s of all the Mechanick
Powers in a fatisfatory Manner, becaufe
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 particulaf
Struéture.

The fimple Mechanick Powers are ufu*
ally reckoned fix; the Lever, Axle an
Wheel, Pulley, Wedge, inclined Plan6
and Screw. I fhall confider thefe M#”
chines feparately, and fhall explain th

Naturé
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Nature and Property of each of them,
by fhewing from its Struture what
Weight it will cnable any given Force
to fuftain.

The Lever is confidered as an inflexi-
ble Line, void of Weight, and move-
able about a fixed Point called its Zul-
crum or Prop. The DProperty of the
Lever, exprefled in the moft general
Terms, is this; < When two Weights,
*or any two Forces, a& againft cach
“ other on the Arms of a Lever, and are
“in Equilibrio, they will be to each
“ other inver(ly as the perpendicular or
“ fhorteft Diftances of their Lines of Di-
* rection from the Fulcrum.”

This Propofition contains two Cafes,
for the Direions of the Forces may
Cither meet in a Point or be parallel to
€ach other. Moft Writers begin their
Demonfiration of this Propofition with
the fecond Cafe, which feems to be the
ﬁmplc[’c, and from which the other may

G be
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be deduced by the Refolution of Forces.
Archimedes, in his Demonftration, fets
out with a Suppofition, the Truth of
which may reafanably be doubted : For
he fuppofes, that if a Number of equal
Weights be fufpended from the Arm of
a Lever, and at Points equidiftant from
each other, whether all thefe Points be
at the fame Side of the Iulersm, or fome
of them on the oppofite Side, thefe
Weights will have the fame 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 Mifcellaneous Obfervations on Me-
chanicks, fays that fome Mathematicians
have endcavoured, by altering the Form
of this Demonflration, to render its De-
fetts lefs fenfible, though without Suc-
cefs.  He therefore propofed another
Proof, which is extremely tedious and
prolix, and allo depends on a Poflulatum

that,
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that, I think, ought not to be granted
on this Occafion; it 1s this: ¢ When
“two equal Bodices are placed on the
“ Arms of a Lever, that which is fur-
“ theft from the Iulcrum 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
Fulerum will fuftain or raife a greater one,
The Caufe and Reafon of which Fact
nuft be derived from the Demonflration
that follows, and therefore this Demon-
ftration ought not to be founded on the
fuppofed Self-evidence of what is partly
the Thing to be proved.

Sir Ifaac Newton’s Demonftration of
this Propofition is indeed very concife,
but it depends on this Suppofition. That
When from the Fulerum of a Lever feveral
Arms or Radii iffue out in different Di-
Tections, all lying in the fame vertical
Plane, a given Weight will have the
fame Power to turn the Lever from
Which-ever Arm it hangs, provided the

G2 Diltance



142 ON THE PRINCIPLES

Diftance of its Line of Diretion from
the Fylcrum remains the fame. Now it
muft appear difficult to admit this Sup-
pofition, when we confider that the
‘Weight can exert its whole IForce to turn
the Lever only on that Arm which is
the fhorteft, and is parallel to the Hori-
zon, and on which it aés perpendicu-
larly, and that the Forces which it exerts,
or with which it aéts perpendicularly, on
any one of the oblique Arms, muit be
inverfly as the Length of that Arm,
which is evident from the Refolution
of Iorces. '

Mr. Maclaurin, in his View of Newton’s'
Philofoply, after giving us the Methods
by which Archimedes and Newton prove
tae Property of the Lever, propofes one
of his own, which, he fays, appcars t0
be the moft natural one for this Purpofe.
From equal Bodies, fuftaining each other
at equal Diftances from the Fulcrum, he
fhews us how to infer that a Body of one

Pound (for Inftance) will fuftain anothc!f-'
: o

2
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of two Pounds at Half its Diftance from
the Fulerum, and from thence that it will
fuflain one of three Pounds at a third Part
of its Diftance from the Fulerus; and go-
ing on thus, he deduces, by a Kind of Induc-
tion, what the Proportion is in general be-
tween two Bodies that fuftain each other on
the Arms of a Lever. But this Argument,
‘were it otherwife fatisfaltory, yct as it
cannot be applied, when the Arms of
the Lever are incommenfurable, it can-
not conclude generally, and therefore is
imperfec,

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

G3 with
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with each other, tho’ an infinitely finall
one, or as meeting at an infinite Dif-
tance ; which Way of Reafoning is not
to be admitted in Subje@s of this Kind,
where the Proof fhould always fhew us,
direétly 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 Cenclufion, which we
are prevented from doing when any fuch
arbitrary and inconfiftent Suppofition s
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 diffatisfied with
the former Demonftrations, and have
looked for new ones; I fhall now pro-
pofe two Methods of demonflrating it
merely from the Compofition and Refo-
lution of Forces. The Propofition may
be exprefled as follows,

* 'When
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¢ When three Forces alt upon an in-
* flexible Line, whether ftraight or crook-
“ed, and keep it in _Equilibrio, any
“ two of them will be to each other in-
‘“verfly as the perpendicular Diftances
“-of their Lines of DireGtion from that
 Point to which the third Force is ap-
¢ plied.”

Let the three Forces E, G, I, (Fig. 2.)
alt upon three Points A, B, D, in an in-
flexible Line; and firft let the Direllions
of the Forces E and I {which a& 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, muft
act-upon the Line. A-B D ia the Dire&tion.
of a right Line that paflfeth through the
Point C, confequently the Force G,
which fuftains this compounded Force,
muft be equal thereunto,.and muft aét.
in a contrary Direftion ;- therefore the
Force G muft at in the Direction of the
Line C B. From the Point B draw BH
and B K perpendicular to the Directions

G 4 ot
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of the Forces E and F, and draw B M
and B N parallel to thefe Diretions
forming the Parallelogram BM C N ;
then, fince thefe three Forces are in Equi-
litrio, they muft be to cach other refpec-
tively as the Sides and Diagonal of this
Parallelogram to which their Dire&ions
are parallel, thercfore E is to I as C M,
to C N, or M B, that is (becaufe the
Sides of a Triangle are as the Sincs 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 BCM ;
but, making C B the Radius, B K is the
Sine of the former Angle, and BH of
the latter, therefore E is to Fas B K to
B I4. fo that the Forces E and F aré =

cach other inverfly as the perpendicular
Diftances of their Lines of Direction
from the Point B, on which the third
Force G afts. Now to compare the FFor-
ces F and G together; from the Point
A, on which the third Force aéts, draw:
A B and A L perpendicular to the Di-
re€tions ofi the Yorces G and F, then, as

Was
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was faid before, F isto G as M B is
toCB, but MBis to CB as AB to
A L; becaufe, making C A the Radius,
A B is the Sine of the Angle M CB,-
and A L is the Sine of the Angle MCN,
or C M B its Supplement to two right
ones; therefore the FForces F and G are
to each other inverfly as the perpendicu-
lar Diftances of their Lines of DireQlion
from the Point A, on which the third
Force E a&s; and thus the firft Cafe of
the Propofition is proved, in which the
Forces at againft each other in oblique
Directions,

We muft now confider what Parts of
the Forces E and F a¢t againft the Force
G in Directions parallel to G C, for it is
fuch Parts only that really .oppofe the
Force G, and keep it in /Eguilibrio, and
from thence we fhall fee what Proportion
two Forces muft have to each other when
they are in figuilibrio, and at in parallel
Direttions. Let the three Forces act
upon the Points A, B and D, (Fig. 3.)

Gg let
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let them be in Rquilibrio, and their
Lines of Direétion meet in the Point C,
as in the preceding Cafe; then "if the
Points A, B and D, are not in a right
Line, draw the Line A D meeting B C
in P, and from P draw PN and P M
parallel to the Directions of the Forces.
E and F; through the Points A and D
draw Lines parallel to B C, and thro’ B:
draw a Perpendicular to. thefe Lines
meeting them in I and K, from the
Point M draw M O parallel to A D, and-
meeting B Cin O. Now the three For-.
ces E, G and ¥V, that are in ZFquilibrio,,
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.dencted by the Line M C, may. be re-
folved into two Forces afling in-the Di-.
reétions M'O.and. O C, the former. of -
thefe only urges the Point A towards D,
and the latter acts 1n dire€t Oppofition to.
the Force G ; in hke Manner the Force
I, which is denoted by the Line P M,
may be refolved -into two Forces acting.

in.
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in the Direions 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 P C, is {uftained only by
thofe Parts of the Forces E and F, which
a¢t againft it, in Dire@ions parallel to.
B C, and are denoted by the Lines O C
and P O, which, taken together, are e-
qual to- P C, for the other Parts of the
Forces E and I' which are denoted by
M O, are loft, being cqual and contrary
to each other ;- if, therefore, inftead of
the Forces F and E, we {uppofe ‘two o-
ther Forces R and I,, to -a&:on the
Points D and A, in Direftions parallel
to BC, and to keep the Force G in £qui-
librio, it-follows, from: what has been
proved, that R and L, taken together,
will be equal to'G, and that thefe three
Forces will be' to each -other refpeively
as the Lines PO, O Cand P C; there-
fore R will beto L. as (P O to O C, that
13, as A M to MC, oras APto P D,

G 6. or)
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or) FL.B to B K, confequently the Forces:
R and L. are to each other inverfly as the
perpendicular Diftances of their Lines of
Direltion from the Point B,. to which the:
third Force is applied. Now to compare:
the IForces R and G together ; fince the
Forces R and L. may be denoted by B H
and B K, and are both together equal to
G, that Force will be denoted by the
whole Line K H, and therctfore R will:
beto Gas'BH to K H; fo that thefe
Forces are alfo to each other inverfly as.
the perpendicular Diftances of their Lines.
of Direéion from the Line of Direétion:
of the third Force L ; and thus the fe-
cond Cafe of the Propofition is proved,
in which the Forces act agrinft each o-
ther in parallel Direétions.. If the Point.
in the inflexible Line, to which one of
the Forces is applied, fthould become a.
fixed Point, or Fulcrum, round which.
the Line may. turn, it is evident that the:
other two Forces will continue in Zqui-
librio, as they were before, and there-

fore the Property of the Lever, in ail
Cales,,
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Cafes, is manifeftly proved by this
Propqﬁtion.

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
Reft, its Center of Gravity will lie per-
Pendicularly under the Point of Sufpen-
fion ; for in that Situation only it will be
fuftained, and can defcend no lower.

From this Property, which agrees
likewife to the common Center of Gra-
vity of two Bodies, jained together by an
infiexible right Line, and which may
then be confidered asone, I fhall fhew that
their Center of Gravity is a Point in the
Line that joins them together, fo fituated
that the Diftances of the two Bodies frony
it are to each other inverfly as their
Weights. This Theoreri concerning
the Pofition of the common Center of

Gravity
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Gravity of two Bodies, which is a very
noted one in Mechanicks, 1 have never:
feen demonftrated otherwife than by in-
ferring it from the general Property of
the fever: But I think the Method [
thall now propofe of deducing it direct-
ly from the. Definition of the Center oft
Gravity, is the moft concife, as well as
the moft natural, and, befides, it will.
afford us a very ealy Way of demonftrat.
ing the Property of the Lever.

Let the two Bodies A and B (Fig. 4.)
be joined by an inflexible right Line pafi-
ing through their-Centers of. Gravity,
and let them. be fufpended from the fixed
Point or Pin-at P, by the Threads A P
and B P, fo that they may hang freely
in fuch a Pofition as their joint Gravity
will give them. When thefs Bodies con-.
tinue at Reft, their common Center of
Gravity muft lye direétly under the Point
of Sufpenfion, or ‘in the. perpendicular
Line P. L, confequently it muft be at the
Point C, the Interfeétion of the Lines

5. PL



OF MECHANICKS, 137

P 1. and A B; the Pofition of which
Point,, in the Line A B, will be determi-
ned by finding out the Proportion between.
the Segments C A and CB. If the inflex-
ible Line was not interpofed between
thefe Bodies, they would move till their
Threads coincided with the perpendicular
Line P L; fince therefore they are kept.
afunder by this Line they muft urgeit with:
Certain Forces in oppofite Diretions, and
thefe urging Forces muft be equal, fince
the Line on which they a& continues at-
Reft ; and therefore the Force with
which each: Body urges the other in the-
Dire@ion of this Line, may be denoted:
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 alted-upon by three Forces,
Viz, by its. Weight A in the: Diretion
P C, by the Force U, with which the-
Other Body urges it, in the Dire@ion C A, |
and by the Reaétion of the Pin in the Di.
eCtion A P, and fince thefe three Forces
e in Zquilibrio, and keep the Body. at
Reft,
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Reft, they are to each other refpetively
as the Sides of the Triangle P C A
therefore Aisto U, asPCto CA. In
like Manner the Body B is urged by
three Forces, viz. its Weight B in the
Direftion P C, the urging Force U in
the Dire@ion C B, and the Reaction of
the Pin in the Direétion B I, which For-
ces are to each other as the Sides of the
Triangle P C B, therefore U is to B, as
CBto P C, and thercfore (ex wguo per-
turbate) Ais to B, as CB to C A, con-
fequently the Weights of the Bodies A
and B are to each other inverfly as their
Diftances from the Point C, which lies
dire@tly under the Point of Sufpenfion,
and is therefore their common Center of
Gravity.

‘When two Bodies are connetted by
an inflexible Line, and this Line is fup-
ported by a Prop, fo that their Center of
Gravity cannot defcend, the Bodies muit
continue at Reft, and will be in Zquilibrio.
Therefore it is eafy to fee 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 Direttions are oblique
to each other, may be deduced by the
Refolution of Forces, as is ufually done,
And this is the fecond Mecthod 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
Peritrochio, or Axle and Wheel, Though
I do not confider the Balance as a diftinct
Mecharick Power, becaufe 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 Refiftances
as the other Machines do.

When a Weight is to be raifed by
Means of an Axle and Wheel, it is faf-
tened
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tened to a Cord that goes round the
Axle, and the Powcr, which is to raife
it, is hung to a Cord that goes round the
Wheel, If then the Yower 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 confidered as a Lever, whofe Fulerum:
is a Line paffing through the Center
of the Wheel and Middle of the Axle,
and whofe long and fhort Arms are the:
Radii of the Wheel and Axle which:
are paraliel’ to the Forizon, 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 a&t 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-
ies, 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
Weight it is able to fuftain by the Help
of fuch an Engine. And fince the Radii
of two contiguous Wheels, whofe Teeth
are applied to cach other, are as the
Number of T'eeth in each, or inverlly
as the Number of Revolutions, which
they make in the fame Time; we may,
in the Computation, inftcad of the Ratio
of thefe Radii, put the 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 fame Time.

Some Writers have thought the Nav
ture and Effeéts of the Pulley might be
beft explained by confidering a fixed
Pulley as a Lever of the firflt, and 3
moveable Pulley as one of the fecondy
Kind. But the Fulicy cannot properly
be confidered as a Lever of any Kind,
for when any Power fuftains a Weight

by Means of a Syftem of Pullies, thag
Powex
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Power will fultain the fame Weight if
the Pullics be removed, and the Ropes
be brought over the Axles on which
the Pullics turned. And in this Cafe
I belicve no one would fay, that thefe
Axles could be confidered as Levers.
If the Weight was to be raifed up, there
would, in this Cafe, be a very great
Refiftance 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 littde Frition. I think the beft
and moft natural Method of explaining
the EffeCts 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 ftretched, which
muft bear equal Parts of the Weight;
and therefore when one and the fame
Rope goes round feveral fixed and move-
able Pullies, fince 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 hang. And confequent-
ly if the Power which acts on one Rope
be equal to the Weight divided by the
Number of Ropes, that Power muft fuf-
tain the Weight.

Upon this Principle, the Proportion
of the Power to- the Weight it fuftaing
by Means of eny Syflem of Pullies,
may be computed in a Manner {o ecafy
and natural, as muft be obvious to every
common Capacity.

The Proportion which any Power
bears to the refifting Force it is able
to fultain by Mecans of a Wedge, has
been laid down differently by different
Authors, as they happened to confider
it in particular Cafes. Without examin-
ing their feveral Opinions, I fhall 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 Zquicrural Triangle ABC
(Fig. 5) reprefent a Wedge, whofe Bafe
or Back is A C, and Sides are the Lines
ABand CB, and whofe Height is the
Line B P, which bife&ts 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 refifting Iorces, it aéts
perpendicularly on the Back of the
Wedge, and the refifting Forces aét on
its Sides, and they are always fuppofed
to at in Diretions that make equal An-
gles with the Sides. When the refifting
Forces and the Power, that aéts on the
Wedge, are in AZquilibrio, 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 refifting Force aéts

on that Side,
Tet
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Let E and F reprefent two Bodies
or two refifting Forces afling on the
Sides of the Wedge perpendicularly, and
whofe Lines of Diretion EP and F P
‘meet at the Middle Point of the Bafe,
on which the Power P afts perpendicu-
larly, then will E P and F P be equal, let
the Parallelogram ENFI* be compleated,
1ts Diagonals P N and E F will bifect cach
ether perpendicularly in FI. Now when
thefe lorces (which act perpendicularly
on the Sides and Bafe of the Wedge) are
in Aquilibrio, they will be to cach other
as the Sides and Diagonal of this Parallel-
ogram, thatis, the Sum of the refiling
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 1, that 1s (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 Bafe to the Side A B, and is
the Direction in which the refiting Force
ats on that Side,

From
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From the Demonftration of this Cafe,
in which the refiting Forces a&t perpens
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 A B is to the Half of its
Breadth A P; becaufe A Bisto A P as
BP isto EP.

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

Let us now fuppofe, in the fecond
Cafe, that the refifting Bodies E and F
a& upon the Wedge in Dire@ions 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 F. G and

F K perpendicular to D P and O P
' ~ then
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then making P N denote the Force with
which the Power P alts on the Wedge,
P E and P F will denote the Forces with
which it protrudes the refifting Bodies in
Diretions perpendicular to the Sides of
the Wedge, as I obferved before; now
cach of thefe Forces may be refolved into
Two, denoted refpectively by the Lines
PG and GE, PK and K F, of which
G E and K F will be loft, as they a& in’
Dire&tions 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 Direétions contrary to thofe
in which they a& on the Wedge; there-
fore when the refifting Forces are in
Aquilibrio with the Power P, the former
muft be to the latter, as the Sum of the
Lines PG and PKistoP N, oras PG
Is to P H, thatis, as P B, the Height
of the Wedge, is to P D * the Line

drawn

"[PGistoPH ar P Bte PD.] 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 refifting Force
als on that Side,

From what has been demontftrated,
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 cleay-
ing Timber the Wedge fills the Cleft,
then the Refiftance of the Timber alts
perpendicularly on the Sides of the
Wedge, therefore in this Cafe, when
the Power which drives the Wedge,

angled Triangles P G E and PE D are fimilar,
having the Angle at P’ common to both; there-
forePGisto PEasPE to P D; fo likewife the
tightangled Triangles PHE and PE B are fimi-
lar, and thercfore PH isto PE as PE to P B;
therefore the Re&tangles P G into PD and PH
into P B are equal, each of them being equal to
the Square of P E, confequently their Sidcs are
teciprocally proportional, thatis, P G isto P H
as PBwoPD.

”

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

Secondly, when the Wedge ddes not
exactly fill the Cleft, which generally
happens, becaufe the Wood fplits to
fome Diltance before the Wedge, Lt
YL F reprefent a Cleft into which the
Wedge A B C is pardy driveny as the
tefilling Force of the Timber muft act
on the Wedge in Diretions perpendi-
cular to the Sides of the Cleft, draw
the Linc P D in a Diretion perpendi-
cular to E L the Side of the Cleft, and
meeting the Side of the Wedge in Dy
then the Power driving the Wedge and
the Refiftance of the Timber, when they
balance, will be to each other as the Line
PD to P B the Height of the Wedge.

Thirdly, when 2 Wedge is employed
to feparate two Bodies that lic together
H: on
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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 a& on the
‘Wedge in Lines parallel to its Bafe C A
therefore the Power which drives the
Wedge will balance the Refiftance when
they are to cach other as P A, Half the
Breadth of the Wedge to P B its Height;
and then any additional Force fufficient
to overcome the Refiftance arifing from
the Frition of the Bodies on the hori-
zontal Plane will feparate them from each
other.

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

Let the Line AB (Fig. 6.) repre-
fent the Length of an inclined Planes

ADits Height, and the Line BD w¢
may
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may call its Bafe. L.et 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 § 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 ABD 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 CE be
drawn perpendicular to the Horizon, and
CF perpendicular to A B, and from E
draw E O parallel to the String and meet-
ing CF in O. Then, as the Body con-
tinues at Reft and is urged by. three
Forces, to wit, by its Weight in the Di-
rettion C E, by the Rea&ion of the
Plane in the Direction F C, dnd by the
Realtion of the String in the Dire@ion
E O} the Reaftion of the String, or the
Force by which it is ftretched, is to
the Weight of the Body, as £ O to
CE: That is, as the Sine of (the
3 Anpgle
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Angle EC O, which is equal to) ABD
the Angle of Elevation, to the Sine
of the Angle EOC, equal to SCQ,
the Angle which the String contains
with the Line C F perpendicular to
A B, the Length 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 Elcvation, to the Radius, or as
the Height of the Plane to the Length.
And in the fame Manner it may be thewn,.
that when the String is parallel to B 1D,
the Bafe of the Plane, the Force with
which it is ftretched is to the Weight of
the Body, as AD to BD, 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 faftened at S, and
“that a Force, by a¢ting on the Line A D,
the Helght of the Plane, in a Dire&ion
parallel.
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parallel to the Bafe B D, drives the ia-
clined Plane under the Body, and by that
Means makes it rife in a Direction paral-
lel to AD. 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 AD to BD,. or
rather in a Proportion fomewhat greater :
If it makes the Plane move on and the
Body rife.

IFrom. this lat Obfervation. we may
clearly thew the Nature and Force of the
Screw ; a Machine of great Efficacy in
raifing Weights, or in prefling Bodias:
clofely together. For if the Triangle
A BD be turned round a Cylinder whofe
Periphery is equal to B D, then the
.Length of the inclined Plane B A will
-tife 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

2 AD
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A D the Height of the inclined Plane will
be every where the Diftance between twor
contiguous Threads of this Screw, which
is called a Convex Screw. And a Con-
cave Screw may be formed to fit this ex-
aétly, 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 fuppofe the Concave Screw
to be fixed, and the Convex one to be
fitted into it, and a2 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 the Weight will be
raifed up through a Space equal, to the
Diftance between the two contiguous:
Threads, that is, to the Line A D the
Height of the inclined Plune B A there~
fore [ince this Power applied to the Peri~
phery, acts in a Direétion parallel to B Dy
it muft be to the Weight it raites as A D
% B D, or as the Diftance berween twor
_(:Oﬂtif'
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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;
then as the Power is removed farther
from the Axis of Motion, its Force will
be fo much encreafed, and therefore f{o
much may the Power itfelf be diminifhed.
So that the Power, which, aéting 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 confider the Machine as
compofed of a Screw and a Lever, or as
Siv Ifaac Newton expreflcs it, Cuneus &

welle impullus.
ipulfi of
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Of any two or more of thefe imple
‘Machines combined togethery -all other
'Machines, however complicated, are com~
pofed. And their Powers and Manner of
acting may thercefore be explained from.
the Principles here laid dowa.

F1NTI S
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LECTURE 1.
0 0 0 0 00 0 O 0356

OF THE

Rules of Philofophifing,
THE
Effential Properties of Matter,

And Laws of Motion.
$E10004 60485 05464541 0 L3040 PEA L G5

HM S a knowledge of the operations
A of Nature, and their caufes, is.
W3 not only entertaining to the
mind, but capable of being
Ufefully applied to prattice, in providing,
for the eafe and convenience of life; it
muft feem furprifing that Natural Philofo-

Az phy
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phv thould have made fo very inconfider-
able a progrefs in“the world, as we find it
hid‘doné abouta-Ceniury ago. This muft
Thive beeii owing chiefiy to'the wrong me-
thods by which irhad been cultivated be-
fore that tme. For, till then, philof.
phers did not pay a proper attention fo
experiments, but emp]oyed their fagacity
in inventing {yftems and contriving Hypo-
thefes, by “which they mlght explam the
opernnon: “of Nature. - T hey of larter
t'l:Fs have more wifely chofen to build
¢ir philofophy on the folid foundation
0“, fa&ts and experience. The method,
which they happily purfued, confifts in
making a number of accurate experiments
and cbiervations, and from thence colle&-
ing what thofe powers and principles of
miotion are which really obtain in Nature;
and in explaining the phznomena, or na-
tiral appearances, from thofe manifeft
pr.ncxplcs affTumed as caufes; and in
proving their explanatxons to be true by
fhewing, from mathematical reafoning,
that the caufes affigned are adequate to
the cffects afcribed to them. Thefe dif-
ferent
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firent methods of 'philofophifing, as one
might reafonably expect, were attcndtd
with very different fuccefs. The former
only amufed the world with conjettures
and phxlofophrcal romances, the latter
enlightened it by valuable difcoveries.

Tae firft who infifted om the neceffity
of ufing this method for promoting na-
tural knowledge was Sie Fraucis Bacon,
who flourithed about the beginning of the
laft-century, and may juftly be reckoned
the founder -of experimentat philofophy.
‘This great man, having taken an accurate
and comprehenfive view of the ftate of
learning as it then ftood, 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 reft. ,And therefore, in his admirable.
Treatife on the Advancement of Learning,
ke propofes, that men fhould lay alide
all former Hypothetes, and endeavour to.
raife a new ftructure of philofophy, not

A4 founded
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founded on uncertain epinions and fp#
cious conje€tures, but on truth and expe-
rience. ‘The advantages, that might be
expeéted by purfuing this method, he fet
forth in fo ftrong a light, that his plan
was immediately approved of and adopted
by the Learned in all parts of Ewrope, and
fince that time feveral men of great abili-
Jies, and particularly the famous Sir [fza¢
Newton, have cultivated natural philofo-
phy according to his fcheme, and enriched
itwith more important difcaveries, than all
the foregoing ages can boaft of. Tq give
fome account of thefe difcoveries, and to
- exhibit the experiments by which they are
confirmed, is to be the bufinefs of thq
following lectures, But before I can pros
ceed to this it is neceffary to lay dawn cera
tain rules, which will be of ufe in dire&t~
ing us how to deduce general conclufions
from a number of cxperiments, and to
inveftigate caufes from their effects. The
rules delivered for this purpofe by Sir
Ifeac Newton, and which he himfelf fo

fuceefsfully appliced, are as follow :
RULE
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RULE L

More caufes of Natural Things, are not to
s
be adinitted, than are true and Jufficient
for explarnng their Phenoinena.

TsAT is, Wwe are not to admit any thing
as a caufe whofc exiftence we cannot ma-'
nifeftly prove by experinients. And then
we muft not admit various cavfes of any’
effets when one is fufficient. For all phi-
lofophers agree that Nature does nothing
in vain, and that is certainly done i
vain by more caufes which may be done
by fewer. From hence follows a fecond
rule:

RULE. IL

Of Natural Effeis of the fame Kind, the
Jauie Caufes are to be afigied, as fai as:
cait be doie.

Ag, for inftance, the fame caufe muff
be affigned, of refpiration in a man and
in other animals, of the defcent of heavy
bodies in differeng parts of the earth, of
hight in a culinary fire and in the fun, of

Agj - the
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the refletion of light iny the earth and in
the planets,.

‘RULE ML

The Qualities of Bodies which cannot be in-
crmfed or dzmmg/ﬁed and that agree 10
all Bodies on which Experiments can bt
matz'e, are to be reckoned as Qualities of
all Bodies whatfoever,

Tuus if it be evident, from experi-
ments and aftronomical obfervations, that
all bodies near the earth gravitate towards
it in proportion to their quantity of mat-
ter, that the moon alfo gravitates towards
the earth, and the waters of our fea to-
wards the moon, that the -planets and the
fun gravitate towards each other mutual-
Jy, that comets, in like manner gravitat®
towards the fun; and if the gravity of
‘bodiés on which we can make experi-
thonts; can neither be increafed nor dimi-
nifhedy we muft by this rule pronounce
that.gravity, or a mutual tendency to-
wards- each other, is a quality of all bo-
dies whatfoever.

RULE
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RULE IV,

In Experimental Philofophy, Propofitions cols
lesied from the Phenomena by induclion:
are to be deemed, notwithflanding contrary
Hypothefes, either accurately true, or very
nearly [o; until other Phenomena occur,
by which they may be rendcred eirher more
accurate, or liable to Exceplions.

THE meaning of this rule is, that:
againft propofitions founded-on fa&s and
experience, we are not to admit any ex=
ceptions that are taken merely from Fy-
pothefes, or metaphyfical confiderations,.
which we know have often mifled philo-
fophers in their. inquirics, and- feldom
have been of any ufe to them.

Tuese rules of philofophifing, and
indeed all our attempts to enquire into
the caufes of natural things, depend en-
tirely on this fuppofition ; that. the Unis
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 effeCls of
certain eftablithed caufes, made to aét ac-

A6 . cording,
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cording to regular laws, the very beft that
could be devifed, for preferving 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
alting, by carefully attending to the
phznomena. Could we once fuppofe
the Univerfe to have bten: the effe&t of
chance, any endeavour to find out the
caufes of the common operations of Na-
" ture, or the laws by which they are regus
lated, would be a vain attempt, and quite

inconfiftent with fuch an Hypothefis.
Bur experience fully evinces the truth
of our firft fuppofition. For philofophers,
direting 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 aét with all the
conftancy, regularity and ufefulnefs, that
could beexpeéted in the works of perfect
Power,Wifdom and Goodnefs. They have
alfo proved that thefe are but fecondary
caufes, and fuch as never could have pro-
duced
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duced the Univerfe, out of Nothing;, or:
could even have :givenidts, partsstheir itk
motions, or reduced sthem:ito the order
they are now.in..
~ SucH difcoveries.! therefore ‘muft: a
mount to a ftri¢t demonftration; that alt
things were at firft-produced, and-are. ftill
governed, by the Will of an everdivings
powerful, wife and good Being; whole
Influence caunnot fuffer any diminution
through the greateft diftance of ipace;
or length of time. So_ that the great
truths of Natural Religion ar: the moft
evident conclufions, as well as taei hap-
pieft fruits of Natural Knowledge.

Havixe given fome account. of the
methods of plnlofophmno and the rylss
we are to obferve,. ] proceed- to.confidet
the Properties of Matter, and. m&_-fugh.
asare effential to it.

As the intimate Nature, or real Effeace.
of Matter,’is unknown to us, we can.de=
fine it only by fuch propc;-c-x_es as we take
to be effential to it, and without which-
we cannot conceive it to exift, .I.fhall,
therefore fay, that Matter or. Body isi.a

Subftance
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Subftance extended, folid and perfetly
inative, or incapable of producing any
change im its ftate, whether- of reft of
motion,

T idea of Extenfion is fo very ﬁmplc
and clear, that any attempt to explain it
would probably render it more obfcure:

" Soriprry is that property by which 2
Body is enabled to refift, 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~
ftance, feem to give very little refiftance
to- others, yet this does not arife from
any defe@ of folidity; but from thei?
parts yielding to the leaft impreflions
and therefore being eafily put ouc-of their
places. For if the moft fluid Body b€
prefled equally on.all fides,. its refiftance
will then- be as fenfible as that of the
hardeft.  So likewife, though foft {pongy
Bodies may be compreffed into a fmalle®

fpace
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fpace than they ufually take up, yet they
are neverthelefs folid ;- for there is always
a certain degree beyond which no force
can comprefs them.
- THaT Matter is capable of bcmg 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 Impulfe.
In what manner Motion is communi-
cated, in the firft cafe, we thall probably
never be able to comprehend. In the
fecond cafe, we can eafily 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 place by fome force;
fince thefe Bodies, on account of their
Solidity, cannot penetrate each others di.
menfions, the ftriking Body muft pro.
trude the other, and move it out of tts
- place. ” So that the communieation of
Motion, in this cafe, arifes as neceffarily
from the Solidity of Bodies, as their
having
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having Figure or bcing divifible, doey
from their extenfion.

- Every Body muft be terminated by
one or more furfaces, and therefore all
Bodies muft have fome fort of Figure s
hence Figurability is reckoned an mfc-
parable property of Matter.

Extension neceffarily implies Divi-
fibility, for whatever is extended mulk
have Parts, and confequently mufl be
divifible into thofe Parts. Divifibility is
therefore . an infeparable property of,
every partiele of Matter, however fmall.
Hence - we are neceffarily led to affirm
that Matter is divifible iz infinitum : 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. As
Lines and Surfaces ave extended, they
alfo muft be capable of an endlefs di-
vifion, as mathematicians have dcmon~

ftrated (a).-
AvrroueH Matter is capable of be-

(o) Tacquet’s Ewclid, Lib, iii. Prep. 17, Cor, 4.
ng
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ing diminifhed without end by a con-
tinued divifion of its Parts, yet we muft
fuppofe 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
Ifaac 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 fhould -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
begmmng And therefore he concludes,
in ordcr that the natyre of Bodies may be

latting,
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lating, that the changes of corporeal
things muft confift only in the various
feparations and new affociations and mo-
tions of theft permanent Particles 5 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.

Tue third Property, which I mcluded
in the definition of Matter, was its inac-
tivity, by which it not only perfeveres in
its ftate of Reft or Motion, but muft in,
fome meafure oppofc 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, yet
when it is In either of thofe ftates it 18
not without fome fort of difficulty com-
pelled to change it; and therefore muft:
exert, as it were, fome Foree to prefervc
itfelf in the ftate it happens to be in:
Hence this property of Matter is called-
its vis infita, or, more expreflively, its vi
inertie. And this Force aBody never ex-
ercifes but againft fome other which en-
deavours to caufe a change in its ﬁa(t;"

n
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On which occafion this Force may be con-
fidered cither as a Refiftance or anImpulfe:
as a refiftance, {o faras, by endeavouring
to perfevere in its ftate, it yields with fome
difficulty to the Force impreffed; 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 lmpxeﬂes
the Force upon it. Refiftance is generally
attributed to quiefcent Bodies, and Im-
pulfe to thofe that are in Motion. As we
cannot - conceive. the wvis fnertie of the
fame folid Particle of Matter to be in-
creafed or diminithed, we muit fuppofe
that it is-always the fame in equal Quanti-
ties of Matter, and therefore that the vis
inertie of any Body is proportional to its
Quantity of Matter.

On thefe effential Properties of Matter
is founded the Doé&trine of Motion, which
is juftly called the Key of Nature, as
without a true knowledge of that we can
fearce account for any of her operations.
Nothing therefore could fo much have ob-
ftruéted Philofophers 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 fince 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
caufes of the Planetary Motions, by his
having imagined that, from the Inertnefs
of Matter, a Body put in Motion by any
fingle Impulfe would foon after ftop of
-itfelf, and that therefore it required to
have a Force continually impreﬁ'cd 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 effen-
tial Properties of Matter, are as follow :

LAW
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LAW L
Every Body muft perfevere in its State of

Reft, or of uniform Rellilineal Motion,

tll by fome Force it be compelled to

cbange its State.

Every one will readily allow that a
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 paﬁ‘we in perfcvermg
to move. than it is in continuing to reft ;
for if it be grarited that a Body is unable
of itftlf 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 Diretion of its Motion,
as it is to change its fhape, or. to begin of
itfelf to move from a fate of reft. Some
Plilofophers indeed feem to have thought
that Bodies were naturally more difpofed
to Reft than to Motion; and probably
thcy were induced to think {o, 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 aflign the caufe
of their ftopping, 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.

LAW IL
Every Motion, or Change of Motion, in any

Body muft be proportional to, and in the

Diretion of, the Force impreffed.

For fince a Body, by reafon of its In-
activity, cannot produce its own Motion,
or caufe any change therein, it is evident
that whatever Motion or change of Mo-
tion is generated in any Body, muft pro-

~ceed entirely from the Force impreffed,
and confequently muft be proportional
thereto, and muft likewife be dire&ted to-
wards the fame Part with the Force im-
prefled.

LAW IL

Realtion is always equal to Aftion, and cons
~drary theretoy or in other Words, the
Attions



LECTURE L 2

f._.{ﬂion'.f of two Bodies on each other are

always equal, and are exerted in oppofite

Direflions.

WaaTeVER prefles or draws any thing,
is itfelf as much preffed or ‘drawn in an
Oppoﬁtc' direétion. If I prefs. a ftone
with my finger directly downwards, I find
my :finger as much prefled by the ftone,
and that dire&ly upwards. If a horfe
draws a load by means of a rope, fince
that rope is equally ftretched in oppofite
dire&ions, by endeavouring to relax itfcYf,
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 diftance
in the fame time, were he freed from the
incumbrance of the load, and therefore
2 much as his progrefs falls fhort of that
diftance, fo much is he in effe& drawn
‘back by the reaction of the load.

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

3 of
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of Bodies, which we confider as the ims
mediate caufes of their {feveral Motiohs,
I fhall employ the remaining -part of this
Lecture 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.
" ‘VevLocrTy is that affeCtion of Motion
by which a-Body defcribes a certain Space
in a certain Time, For if I am afked,
what the Vélocity of a Body is in any
particular cafe # T 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.

Tue Velocity of -a Body is faid to be’
equable or uniforni, when it continues
the fame for-the whole time during which*
the Body moves. And here it muft be’
obferved, that whenever I {peak of the’
Velocity of a moving Body, that Velocity'
is always fuppofed to be uniform, unlefs
it is exprefsly faid to be otherwife.

In computations relating to Forcesy

6 Motions,
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Motions, Times, Velocities, or Spaces
defcribed, we generally have occalipn to
confider the Proportions of thefe Quan-
tities to tach other, and not the abfolute
Quantities themfelves. Therefore in fuch
<omputations, when any two of thefe quan-
tities are compared together, we may fube
ftituse in their places any. other two Quans

dities which have the fame Proportion to
. tach other, and which may be of a mors
convenient kind, fuch-as Numbers, Lines,
or Rectangles 3 and then thofe Quantities
ar¢ faid to be denoted or exprefied by the
others that are fubfticuted for them: And
therefore when one of thofe Quantities is
faid. to be multiplied or divided by ano-
ther, the meaning is that the Quantities
by which they are refpe&ively expreffed,
are multiplied or divided one by the
Gther : as when the Velocity of a Body is
faid to be multiplied into the Time of its
Morion, it is meant that the Numbers or
Lines, that exprefs thefe Quantities, are

Multiplied by each other,
Wauen one Quantity fo depends on
Wnather that it always encreafes or dimi-
B nithes
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nifhes in the fame Propontionin, whigh
that other is increafed or diminifhed,jone
of thefe Quantities;is faid to be direétly. a8
the other; or direétly: proportional . io the.
other. This manner of expreffion is ufed
for the fake of brevity, for though . but
two Quantities are exprefled, yet four at
leaft are always underftood,: and the ex-
preflion implies, that if each of the two
Quantities be compared with another: of
its own kind, each of them will have the
fame 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 that
the Space it defcribes in that Time, will
be greater or lefs in Proportion as its
Velocity is greater or lefs, and therefore
the Space defcribed in that Time is faid
to' be direétly as its Velocity ; and thi¢
jmplies, that if two Spaces defcribed i’
equal Times be compared, they will have
the fame Proportion to each other as the
two Velacities have, wherewith they were
defcribed,

‘WaeN one Quantity depends on twO0
others
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others “jointly; o 'that it increafes’ or di¥
minithes in' the fame Proportion in which’
tither 'of them is incredfed or diminifhed,’
while theé other ‘yemains unvaried ; theny
if they aré both varied, it will increafe or’
diminith in‘the fame Proportion in which
the product of thefe Quantities is increa-
fed or diminifhed : for it is evident that
the produc of thefe two Quantities de-
Pends on them jointly, in the fame man-
her that the firft Quantity was faid ro do,

caufe it increafes or diminifhes in the
fame Proportion in which either of them
B increafed or diminithed, while the other
feiains unvaried : and therefore,” when
any Quantity depends on two othersjoint-’
Y, in the manner above-mentioned; it will
e direftly proportional to their pro«
dug, To Mluttrate this by an example,
the Space which a moving Body defcribes’
,depends on its Velocity and the Time of
s Motion -jointly : for it is evident that
the Space it defcribes will be proportional
BT Velocity, when the Time of its
M_Otion“ r¢mains the fame, and to the
e of its Motion, when its Velocity
B2 remaing
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remains the fame. Therefore in 4ll cafés
the Space which a.Body. defcribes ‘w:ﬁ
be directly as the produ& which ari-
fes from multiplying its Velocity iito
the Time of its Motion. Or, to exprefs
l’.hls more fully, if the Spaces defcribed
by two Bodies be compared togethers
they will have the fame proportior €0
each other which the two Products have,
that arlfc from mu]txplvmo the Velocity
of each Body, into the Time of its Mo
t;on. And thefe Produéts will be denored
either by two Numbers, * or two Rc&‘.
angles, according as. the Velocities a{i :
'Ixmeswcre denotcd by Numbersoercs
Now as the proportion of any two Pro-
dmfts in,Numbers, or of two Rcé‘tangk’s'
is compounded of the proportions 0
thgl,r rcfpeé‘twc Fa&ors, or of their refpec _
tive Sides; fo the Spaces defcribed ‘by
uniform Velocities are commoply faid 10
be to each other in a proport;on com

pounded of the proportions of the Vér
loutlcs and of the Times of the MO
tion,

Wazn one Quantity fo depends O

4 anothcr’
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another, that-it increafes in the fame
jproportion in which that other is dimi-
nithed, and diminithes in the fame pro-
Jportion in which that other is ‘increafed ;
pne of thefe Quantities is faid. to be in-
verfely or reciprocally proportional to
the other. For inftance, when a Body
defcribes any given or determined Space,
i is evident that the time, in which it
defcribes this fpace, will increafe or dimi-
nifh in the fame proportion in which its
velocity is diminifhed orincreafed. There-
fore in this cafe, the time of the Body’s
Motion is faid to be mverfely g8 its
Velocity, and its Velocity is faid tg’ be
inverfely as the Time of its Motion. ()r,
to exprefs the fame thing ‘more fully,
when two Bodies defcribe equal Spacess
the Times of their Motions, when com-
pared together, are to each other in the
inverfe proportion of their Velocities ; that
ig, the Time of the (lower Body’s Motion
is to the Time of the {wifter Body’s Mo
tion, as the Velocity of the {wifter Body
to the Velocity of the flower.
Waen one Quantity depends on two
B3 " others



g0 LEGCGTURE I,

sothiers “jointly:in fachi nianner" that it s
 diredily plOpOl"ﬂOnal to the firft, when
-the fecond is’ unvamd, -and ¢ inyerftly
-proportional ~to-the’ fecond’ when 'the
firft is unvaried § -then, if-thty.are both
‘varied, this Quantity will be directly -as
‘the quotient, which arifes from dividing
ahe firlt of thefe two Quantities by the
fecond, For it is evident that the quo-
tient of thefe two Quantities depends on
them both, in the fame manner chat
the firft-mentioned Quantity was faid t0
-do.’ -Becaufe the quotient of any two
‘Qufantities is directly proportional - to the
«dividend. when the divifor is unvaried,
andl inverfely proportional to the divifor
‘when the dividend is unvaried. For iri-
ftance;: the Velocity with which a Body
moyes is dire¢tly as the Space it de-
fcribes, when the Time of its Motion
is unvaried, and inverfely as the Time
of its Motion, when the Space it de-
feribes is unvaried ; therefore when the
Space which a Body defcribes, and the
Time.of its Motion, are both varied, 15

Velocity will be dire@ly as the Quotient
which
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«Which , arifgs .. from - dividing. the Space
Jdt,defcribes by the:Time, of its Motiom.
:Or, to,exprefs this more fully,.the Velos
cities of two moying-Badies, when-com-
«pared . together, will be to each other, di-
rectly as the Spaces they defcribe di-
¥ided- by the refpective Times of - their
Motion. -, Now as the Proportion of any
two Quotients is compounded of the
«direct Proportions of the Dividends. and
the inverfe Proportion of the Divifors:;
4o the Velocities of two Bodies are com-
umonly faid to be to each other-in a Pro-
portion compounded of the direct:Pro-
Jortion: of the Spaces defcribed, and the
inverfe Proportxon of the Times of: their
Motion. .. - - SRR
vi:Ivnave chofen to xlluﬁratc ‘thefe. f&.
‘veral. methods of exprefling the Propor-
tions: of -Phyfical Quantities, by. apply-
ing them.to the Quantities of Velocitios,
‘Times, and Spaces, becaufe our ideas of
them are motft clear and fimple, and they
are fuch Quantities as occur moft fré-
Quently in philofophical and aftronomical
Laomputations,
By IsuaLy
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I spaLL now, from what has been faid,
fhew how we are to compute the Pro-
portions which the Quantiries of Motion
or Forces of moving Bodies have to each
other,

Tue 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 Impulfe
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 3
certain Impulfe or Force impreffed on a.
Body, be able to give it a certain Velo-
city, then an Impulie of a double. or
triple Force muft produce a double or
triple effe®, 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 imprc{ﬁ
fed,
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fed, and therefore muft be proportional
to its Velocity, But further, as the Force
of a Body in Metion is compofed of the
Forces of all ‘its Parts, which move with
the fame Velocity that the whole does,
it is evident that the Force of a moving
Body muft-be proportional to the numi-
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 dire€tly as their Velocities:
when their Quantitics ¢f Matter are:
equal, and directly as their Quantities-
of Matter when their Velocities are equal,
it follows, from what was faid before,
that their Forces will, in all cafes, be to
cach other as the Prodafts which arife
from multiplying their Quantities of
Matter into their refpective Velocities,

“Hencr it follows, that if the Forces:
of two Bodies be divided by their re-
fpe@ive Velocitics, the Quotients will ex--
prefs their Quantities of Matter, or if
their Forces be divided by their refpec-
tive Quantities of Matter, the Quoticnts
Will exprefs their Velocities, This muft

B appear
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appear evident, when we confider that
the Force or Quantity of Motion in each
Body is exprefled by the Produét-of its
Velocity multiplied into its Quantity of
Matter, and that when the Product of any
two Quantitics 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 Quantitics of Matter.
For in that Cafe the Products will be
equal, which arite from muluplying the
Velocity of cach 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 cqual Forces; by making the Ve-
locity of the leffer Body exceed that of
the greater, in the fame Proportion in
which the Quantity of Matter of the
greater exceeds that of the leffer.

LECTURE
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LECTURE IL

S W A K K e AN e o e
OF THE

Several Kinds of Attra&ion,

And particularly of Cohefion.
$d 8 B b o b A b b bt St

FORBH S the effential Inertnefs of Mat-
A XK ter precludes all inanimate Bo-
%y dics from having any Activity
of their own or Propenfity to

change their State, whether of Reft or
Motion ; the various Motions of fuch:
Bodies, in the feveral Operations of Na-

ture, muflt arife from certain Forces im-
Bo6 prefled:
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prefled upon them by their Creator, either
immediately, or by means of fecondary
Caufes, which ultimately muft be a&u-
ated by Him,

Tue Nature of thefe Forces muft now
be confidergd; and we fhall find that the
whole bufinefs of Philofophy confiits,
Firft, in proving the Exiftence of thefe
Forces from fuch fimple and obvious
Lffeéts as cannot well be afcribed to any
other immediate Caule.

Seconpry s in difcovering  the laws
acéording to which thefe Forces are made
to a&, by carefully attending to the Na-
ture of their Effeéts.

THirDLY ; in aluming thefe Forces
as Principles or Caufes, and from thence
explaining the feveral Phanomena; al-
ways proving our Explanations by ma~
thematical Reafoning, or other juflt me-
thods of arguing, founded on the eflen-
tia] Properties of Matter and Laws of
W¥otion,

FourTury; in endeavouring to. in-
veftigate the Caufes, from whence thefe
Forces immediately arife, and in dedu-

cing
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cing Caufes froin' Effedts, till we come
to ‘the' very firft Caufe, which certainly:
is not mechanical, that is, cannot confift
in any Properties of Matter or Motion.
And though every true ftep in this Phi-
lofophy does not bring us immediately to
the knowledge of the firft Caule, yet it
brings us ncarer to it, and on-that account
is highly to be valued.

I snarL now briefly enumerate the
principal Forces by which Bodies are
acted upon, and afterwards treat of each
of them in their order, and the feveral
Phanomena that arife from them.

First 3 The Particles of Bodies, efpe-
cially of fuch as are hard, mufl be made
to cohere or flick together by fome cer-
tain Force, fince a confiderable Foree is
neceflary vo feparate them fromeach other,
For if the parts of a Body continued ro-’
gether merely from their vis inertice, and
becaufe they are at relt among them-
felves, (as fome have imagined) it could:
not then require a greater Force to fepa-
rate them from each other, than it dves te

move the whole Body from its placei
So
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So that the wis imcrtie of Matter can
never caufe the parts of Bodies ro flick
together, and confequently fome Force
muft be impreffed upon them to pro-
duce this effect, which Force is called the
dttrattion of Cobefion.

Srconpry ; If I let a Body go from
my hand, tho’ I do not give it any lm-
pulfe, yet it will immediately move to-
wards the center of the Earth; and if
it be projetted in any direction oblique
to the Horizon, it will not move on uni-
formly, and in a right line, as it ought
to do Dby the firft Law of Motion, but
will be made to move in a curve till it
reaches the Earth; which plainly fhews
that fome Force continually ats upon it,
to turn it from the reéilincal Courfe,
which it would otherwife purfue. This
Force is called Gravity, or the Attrattion
of Gravitation.

Tumopry ; if aload-ftone and a piece
of iron be fufpended near each other,
or made to float on water, they will
gpproach towards each other, and ftick

together, when they come into contalt.
Two



LECTURE IL 39
Two pieces of iron, properly rubbed on
a load-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 fhews that
a Force then takes place, that is of a
contrary nature to the former One.
Thefe two Forces are called Magnetic
Attraltion and Repulfion.

FourrTnry 3 if amber, glafs, or wax
be rubbed brifkly with a piece of dry
leather, any light Bodies near them will
be firlt drawn towards them, and then
repelled from them. The Forces which
act in this Cufe ae called Eleftric At-
sraftion and Repulfion.

Troucn the belt Philofoplers 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 Effects,
and not to exprefs the Nature of thefe
Caufes or the Manner in which they ope-
rate. And as there is a manifeft conve-
pience in having names for thefe general

2 Caufes
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Caufes which muft be fo often mentionedy
to object o 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 fenfe in which
thefe words are to be taken. We may
allo confider thele Forces, till their Caufes
arc found out, as Powers or Qualities
with which Bodies have been endued for
carrying on the Operations of Nature.

I'sr Aturaétion of Cohefion, the’ it
has but very little effe@, even at {mall
diftances, yet is fufficient to make the
Parts of Bodies, when brought into clofe
conta&, unite firmly together. Thus if
two plates, made of any Matceer that takes
a fine polifh, be prefled together, they
will coliere with a fenfible IForce, and
much- more {trongly if they be moiftened
by any liquid which excludes the air, and
fills up their {mall fcratches and ine-
qualities.

Tuis kind of Attraction appears re-
mavkably in thofe Bodics that are tenu-
cious ‘or vifcid, fuch as wax, pitch, or
bird-lime, which, being foft, arc eafily

brought
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brought ‘into clofe contadt with other
Bodies, and adhere firongly to almoft
cvery thing they touch : and when a
Body is very foft and vifcid, if it be
firecched out, it will run back again and
contract itfelf into a narrower compafs,
which plainly fhews a tendency of thc
parts to each other,

The particles of Fluids, tho’ fo eafily
feparated, are not entircly void of this
kind of Attra&ion, for the drops of all
Fluids affc& a round figure, which muft
arife from their particles running tos
gether fo as to be all contained within
the {malleft dimenfions, as they are when
the drop has a fpherical fhape; in like
manner two drops of water or clean
Quickfilver, when brought into contac,
run immediately into one drop. When
& (mall quantity of Quickfilver is poured
on Paper, its drops ftill recain their fphe-
Nical fhape, which fhews that the Ac-
traction of its Particles to cach other is
{0 great that their weight is not able to
feparate them, and make them fpread
Over the Paper as a drop of Water

would
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would do: but if the Quickfilver be laid
on any clean metalline Body (cxcept Iron)
it will fpread upon its Surface, its Parti-
cles being more attracted by the Mcta]
than by each other.

Tre AttraGtion between Fluids and
hard Bodies will further appear from the
following obfervations.

Warer always rifes fomewhat about
the fides of the veflel in which it is con-
tained, and if the veflel be very narrow
the f{urface of the Water will be vifibly
concave towards the middle. The fcme
thing will happen when Mercury is con-
tained in a veflel made of any metal
that attralts its particles more ftrongly
than they do each other; but in other
veflels 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 rifes in the like manner
round a Glafs Bubble that floats on it
furface, and when the vefiel is narrow,
as the Water is concave towards the
middle, it muft rife higheft between the

V S Bubble
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Bubble and the fide of the veflel neareft
to it; therefore the Attraction of the Wa-
ter, being ftrongeft on that part of the
Bubble, will make it move towards the
fide of the veffel, which it will do with
an accelerated Motion. I know this has
been afcribed to an Attration 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 affected by
‘the Attraction of a Glafs Tube, or any
other Body, tho’ held almoft in contaét
with it; but if the Glafs Tube be dipped
it the Water, the Bubble will imme-
diately run to it; which fhews that it is
affeted only by the Attrattion of the
"Water, which then rifes betwecn it and
the Tube. Befides, if the veffel 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

]‘ighcr between them than it does on their
oppofite
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oppolite fides : bur if the Bubbles be
greafed, fo that the Wawr may not rife
about them, they will net approach cach
other ; for the Attraction of the Bubbies
themielves is too weak even at fmall dif
tances to bring them together, and overa
come the refilcance they mect with in
moving through the Water: indeed when
the ﬂoatmcr BﬂdlCo are very large, their
Attr a&mn may be able tu overcome this
refiftance ; and accordingly we find that
large thips floating ncar each other in @
ealm, are with difficulty kept from coming
together.

ALL thefe Phenomena, which are of
the moft fimple kind, clearly point out a
certain tendency in the minute particles
of Matter to each other, and confequently
prove the exiltence of fome I orce which
muft be the canfe of this tendency; and
tho’ we do not difcover the nature of this
Force, orits manner of acting, yct, hav-
mg proved its exiftence, we may affume
it as a patural principle of Motion, and

proceed from thence to explain "other

Phznomena of a more cmplicated na-
ture
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ture than thofe before mentioned. "Thus
we may on this Principle account for the
rifing of Fluids in Capillary Tubes, and
for other effes of the like kind.

" Wuen the orifice of a fmall Glafs
Tube, open at both ends, is dipped in
Water, the little Ring or {mall annular
Surface of Glafs that lics on the infide of
the Tube, and juft over the Orifice, will
ftill draw up the Water that lies immedi-
ately under ir, and make it afeend into
the Tube, and cvery Plate of Water, as it
is drawn in, will raife up that which lies
above it, unul the weight of the Water
raifed is able to counterbalance the Force
by which the Attraéting Annulus endea-
“vours to draw in more Water: if the
Orifice of the Tube be % of an inchin
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 loweft Annulus, and
overy other Plate of the elevated Water,
muft be drawn both upwards and down-
wards with equal Forces, becaufeit has
cqual attracting Surfaces above and below

it,
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it, and therefore the whole Column of
clevated Water, which lies above the low-
elt Annulus, beingdrawn equallyin oppo-
fite direCtions, may be confidered as not
at all affeCted by the Attraction of the
Glafs, and muft prefs with its wholeweight
on the Water which is retained at the Ori-
fice of the Tube, by the Force of that
lowelt Annulus that has no other Surface
below it to counteract its Attraction.
Frow this way of reafoning, it fcems
evident, that the afcent and {ufpenfion’of
Water in thefe Tubes are entirely owing
to the Action of the very lowelt Glafs An-
nulus that lies juft over the Orifice, and
not to that of the Annulus which lies
over the elevated Water, or of any other
part of the internal Surface of the Tube,
as hitherte has been imagined. However,
as what I have advanced is contrary to the
received opinion, it may be neceffary to
confirm it by the following Experiment,
When the Water has afcended into a
fimall Glafs Tube, take it up, wipe off the
Drop that hangs at theend of it, and in-

vert the Tube ; the fmall Column of in-
cluded
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cluded 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
fhews that the Force which keeps it fuf<.
pended lies there.  And if, while the in~
cluded column is defcending, the loweft
end of the Tube be dipped in Water and
taken up, a fmall 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
within the Orifice of the Tube: and
therefore it appears that this Attraction
alone is fufficient to fuftain, and, confe-
Quently, to raife all the Water that feems
fpontancoully to afcend into a Glafs
Tube,

Tuis attralting annular furface on the
infide of the tube, is of a very fmall
- breadth, becaufe the action of the glafs
extends
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extends to- but a very, fmall diftance, and
as it 1s. of the faine breadch in different
tubes, its quantity, or the number of at-
tracting particles, muft be proportional to
the diameter of the wube ; confequently, in
cylindrical tubes, the quantities of Water
raifed mult be as their diameters; and
therefore the alticudes of the cylindrical
columns of Water raifed will be inverfely
as their diameters; becaufe when cylin-
ders are to cach other as their diameters,
they mult have their heights inverfely
proportional to their diameters ;- and this
15 the reafon why Waters rife higher in
narrow tubes than in wide ones. But
haviag meafured, as accurately as I could,
the diamcters of feveral tubes and the:
heights to which the fame fuid rofe in-
each, Ifound in a great many trials that:
thefe heights were not exatlly in the -
verfe proportion of the diameters, for in -
the narrow tubes the Fluid always rofe
higher than it fhould do according to that
proportion.

Anp indeed there feems to be a plain’
realon for this, for in narrow tubes the

oppofite
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oppofite artrafting particles, being clofer
together, alt more in conjunétion in draw-
iny up the Fluid, and being allo nearer
to the middle Parts of the Fluid, they
muft o that account adl more forcibly
in raifing and fuftaining it.

" Wuey a drop of Water or any thin
agil, is included in a fmall conical glais’
tube, open at both ends, it will run with
an accelerated Motion to. the narroweft
end, although that end be raifed fome-
what higher than the other; the reafon’
of which may be thus fhewn. Let the
*lines A B and CD reprefent the fides
of a2 1mall conical tube, and let P be a
particle in the included drop, from which
draw P E and P F perpendicular to the
oppofite fides of the tube; thefe fides
Muft exert their attrations on the par-
ticle P in the dire&tions of the lines PF,
and P F; and therefore thefe Forces (as
fhall be hewn when I come to treat of
the compofition of Motion) will, by their
Joint a&ion, make the particle. P move in
the dire@ion of a line PG, drawn thro’

* sce F’:e- T.
C the
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the angle EPF and pointing towards
the fmalleft end of the tube, and confe~
quently the whole drop muft ‘move ‘ta-
wards that end.

For the fame reafon that Water rifes
in fmall cylindrical tubes, it will rife be-
tween two glafs planes fet parallel to
each other, and kept at a f{iall diftance,
afunder. And fince the quantity of at-
tracting glafs furfaces will in this cafe be
ftill the fame, whatever be the diftance
between the planes, the quantity of ele-
vated Water muft ftill be the fame.
Therefore, in whatever proportion the
diftance between the planes is diminifhed,
the height of the elevated Water muft
be increafed. And therefore, if the edges
of the Planes are made to meet on one
fide, and the oppofite edges are kept at
a fmall diftance trom each other, the ele-:
vated Water will have different heights
at different diftances from the concourle
.of the Planes ; fo that the furface of the
elevated Water will form a regular curve,
rifing from the furface of the Water in
the vefiel towards the concourfe of the

Plancs
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Planes. Let the * line: A B reprefent
the concourfc of two glafs Planes, whofe
oppofite edges.at C O are kept at'a
Imall diftance from each other, and lec
A C be the furface of the Water in which
the lower edges of the Planes are im-
merfed ; the curve line KL M N will re-
prefent the {furface of the Water elevat-
ed between the Planes by their attraétion.
Now if any two columns of this elevated
Water, as DL and FM be taken of
very {imall but equal breadths as D E
and ¥ G, thele columins will contain
equal quantitics of Water, being fuf-
tained by equal portions of the attracting
Planes; therefore the heights of thele:
columns muft be inverfely as their thick-
Nefs, that is D L muft be to F M as the
Interval between the Planes at I is to
their interval at D; but thefe intervals are
0 each other as A I and A D, their dif-
tances from the concourfe of the Planes ;
therefore the heights, of any two columns
of the elevated Water are to cach other

® See Fig, z.
Ce inverfcly
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inverfely as their diftances from the con-
courfe of the Planes,

LeT two well polithed Planes of Glafs
be laid togethcr, fo that 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, {o that it may
touch both Planes, it will begin to move
towards their concourfe, for the fame
reafon that it would move towards the
narrowelt end of a fmall conical Tube ;
and, potwithftanding the fide where the
Planes meet be fomewhat elevared, the
Drop will continue to afcend, until the
elevation of the Planes becomes fo great
that the weight of the Drop, which is al-
ways proportional to that elevation, will
be fufficient to counteraét the Force by
which the Drop is drawn towards the con-
courfe of the Planes,

Now by obferving the clevations of the
Planes that are necefliry to flop the mo-

tion
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tion of the Drop when av different dif-
tances from the concourfe of the Planes, it
has been found that equal quantities of the
(slafs Surfaces, taken at feveral diftances
from the concourfe of the Planes, exert
attractive Forces on the included Drop,
that are to each other in the inverfe pro-
portion of thofe diftances; that is, the
Force with which the Drop is attratted 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 attralted at three inches, and
but a fixth part of the force with whxch
it would be attracted. at the diftance of
pae inch from the concourfe; fuppofing
the Drop not to {pread, but to be ftill
touched by -equal furfaces of the Glafs:
.(b) and therefore the Attration of the

Glafs .

(4) It is evident that the Quantity of Surface
over which the Drop fpreads muft increafe as
the thicknefs of the Drop diminifhes, that is,
as its diftance from the concourfe of the Planes
diminifhes ; thercfore ‘the fame Drop, at three
inches from the concourfe, will fpread over double

C3 the
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Glafs Surfaces grows greater in the fame
proportion as their diftance  from: each
‘other grows lefs'; confequently, where the
«iitance between them is exceeding fmall,
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 Atrraction 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 thicknefs the
Attradtion will be proportionally greater,

the Quantity of Surface that it does at fix inches
from the concourfe. Now experiments fhew
that the clevations of the Planes neceflury to
ftop the Motion of the Drop at thefe diftances
are to each other as four and one, and therefore
the Attraction of the double Surface, at three
inches from the concourfe, is four times greater
than the Attradtion of the fingle Surface at fix
inches from the concourfe ; confequently the At-
tractions of equal Surfaces at thofe diftances aré
to each other as two and one.

and
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and will continue to increafe until the
thicknefs does not exceed that of a fingle
particlc of Oil. There are therefore
agents in nature able to make the par.
ticles of Bodies ftick together with very
ftrong attractions.

In all the experiments already men-
tioned, the Phmxnomena happen cxaétly
in the fame manner 7z wacuo, that they
do in the open air; and therefore they
cannot be owing to the preflure of the
Atmofphere, but muft neceflarily be af-
cribed to fome power which caufes the
‘particles of the Fluid ro tend more to the
Glafs than to each other. And if any
Fluid be employed in thefe Experiments
whofe particles tend more to cach other
than to the Glafs, the efleés will then be
the reverfe of the former ones, Now
Mercury is fuch a Fluid, for tho’ its
particles are attratted 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

Cs the
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the Tube as it is in the veflel: and when
two Glafs Planes, that make a fmall angle
with each other, and ftand perpendicular
to the Horizon, are.immerfed to fome
depth in_a veflel of Mercury, it will be
higheft between the Planes where they
are fartheft afunder, and lowelt towards
their concourfe ; which is the reverfe of
what happens when Water is included
between thofe Planes, ,
- Ir clean Maercury, well purged of air,
be carefully poured into a clean Glafs
Tube, of about 70 inches long, fo that
its parts may be every where contiguous
to each other and to the Glafs, it has
been found, upon inverting the  Tube,
that the whole Mercury would remain
fufpended. Now the preflure of the At-
mofphere could only fupport about 29 or
g inches of Mercury, and therefore fome
other agent muft have fuftained the reft,
pot. by prefling the Mercury into the
Glafs, but by making its parts adhere
to the Glafs, and to one another; for
upon any difcontinuation of parts, made
either by bubbles intervening, or by
fhaking
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fhaking the Glafs, the whole Mercity
falls down to the height of 29 or 30
inches.

It feems: to be by the fame attrdc-
tive Force, with which fmall pipes and
capillary tubes ate endued, that iponges
and other dry porous Bodies draw in
Water, and the glands in the Bodies
of Animals, according to their {everal
natures and difpofitions, take in various
Juices from the Blood, and Plants re-
ceive nourithment from the Earth ; the
{fmall T'ubes whereot their roots are com-
pofed taking in different juices, accord-
ing to their different conftitutions: juft
as the fame capillary Tube of Glals acts
differently «on different liquors, which
therefore will not all afcend in it to the
fame height ; for Water, though heavier
than Spiric of Wine, will afcend near
twice as high in the fame Tube, which
fhews it is twice as ftrongly attracted by
the Glafs. 1t has been alfo obferved,
that Tubes made of different Kinds of
Glafs, will attra@ the fame Liquor with

Cs 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 amnong the
minute particles of Bodies; particularly
moft of the Operations in Chymiftry
feem f{carcc explicable on any other
principle.  But, as that fubje is not
within my province, I fhall enter into it
no further than to give fome account of
that common Operation, the Solution of
Bodies in Fluids, which T fhall have oc-
cafion to make ufe of hereafter in ex-
plaining certain Phaznomena.

WheN the Particles of a Body, fur-
rounded by a Fluid, are lefs ftrongly at-
trated 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 diffolved in Wa-
ter, -and Metals and other Bodies in the
liquors that are refpectively adapted to
their Solution,

6 Upon
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Uron ‘the various degrees of Attrac:
tion between different Subitances de-
pend almoft all the Phenomena which
Chymlﬁry exhibits, and therefore it has
been found of great ufe to have Tablés
compofcd 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 Afnities or Eleitive
Attrattions y and as this is a curious fuh-+
je&, T fhall illuftrate it by the following
inftance.

Wuen Silver 1s diffolved in Aqua-
fortis, which is the acid Spivit of Ni-
tre, if Lilings of Copper be thrown into
the Solution, the Aqua-fortis'will diffolvt
the Copper and quit the Silver, which
will be precipitated to the Bottom in the
Form of a white Powder : if then il
ings of Iron be thrown in, they will
in like manner be diffolved, 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 difmifs the

Ca Iron,
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Iron: . This acid Spirit- has thercfore a
greater affinity, or a ftronger Artraction
to the alkaline Salt, than-to any of
the Metals, and it attrats the Iron,
the Copper and the.Silver with dif-
ferent degrees of Strength ; and very
ftrong muft thefe Attrations 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 turning Iron into
Copper (as it is called) by laying bars
of Iron in Water that fprings fromy
a Coppyr-mine, and which is impreg-
nated with Parricles of Copper diffulved
in a mineral acid. This is by no
means  a tranimutatisn of  one  nietal
into another, bur the acid, having a
greater affinity with the lron than it
has with Copper, corrodes and diffolves
the Iron, and Jeaves the Particles of
Copper in its place, which adhere to-
gethier in fmall fcales 3 fo that after
fome time the Bar is found incrufted
with Zopper, and moft part of the lron
18- ca. sed oft by the Water.

THESE
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Turse different (degrees of *Attrac-
tion  between -the minute. Particles of
Matter feem-to be the immediate caufe
of all the feveral degrees of hardnefs
and foftnefs that we find in different
Bodies; for the ftronger the Attraltion,
the more firmly muft the Particles co-
here, and the harder muft the Body
be which they compofe. But how far
hardnefs and foftnefs may depend alfo
on the fize and fhape of the ultimate
and conftituent Particles of Bodies, we
fhall probably never be able to deter-
mine, becaufe they are too minute to

fall under the cognizance of our fenfes,
In many cafes; when the Particles
are placed without the fphere of each
other’s Attraélion, a repelling Force pre--
vails. among them; tor two polifhed
Plates of Marble, which by immediate
conzaét cohcre together, are with difi.
culty brought into contact: and the ob-
Je@-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 fees to be that
Flies walk upon: the Water without
wetting their feet, and that the. Pars
ticles of dry Powders are with difficulty
made to touch one another fo as to
ftick together. The Particles of Fluids,
when feparated by heat, are turned
into an elaftic fteam, which, if con-
fined and fufficiently heated, will burft
the ftrongelt veflel.  This repulfive
Force feems alfo to be the caufe of
the emiffion and refleCtion of the rays
of light, and of feveral other Phzno-
mena that fhall be taken notice of in
their proper places,

LECTURE



(631

-

¥ OEH LR
§ %ﬂ%ﬁ%@ﬁ%)ﬁﬂﬂﬁﬁ%ﬂ% K

LECTURE IIL

e 3 0 e e A 1 M e e M A e 2 e e e e

O F

GRAVITY,

OR THE
Attraétion of GRAVITA TION,
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MM IIE fecond kind of Attrac-
T ¢ tion I propofed to treat of

Y a0y was Gravity, or that Force
which eaufes all Bodies ncar

the ecarth, to tend towards its centres
and which prevents the earth’s rapid Mo-
tion round the axis from throwing off
the Bodies that lie on its furface, as
i
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it certainly would do, were dxey not
retained there by fome very potent prind
ciple.

As the -drops of all Fluids affet -a
round Figure by the mutual tendeéncy
of their Parts to each other; fo the
furface of our fea mult be {fpherical,
fince the waters every where tend to
the centre ; and the prominences, of the
land above the ocean, are fo very fmall
with refpe@ to the earth’s magnitude,
that the whole may be confidered as a
fphere. And fuch it mult appear to a
fpettator placed at a proper diftance,
juft as th¢ moon appears fpherical to
us, though a good telefcope difcovers
grcatcr inequalities on her Surface, than
are to be met with on the Surface of the
earth.

" Tur Attractions of Cohefion and Gra-
vity feem to be gencral Forces affecting
all Bodies, for their particles cohere to-
gether when brought into clofe contact,
and the Bodies themielves are all equally
affetted by the Force of Gravity. There
is however this difference between them,

' the
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the .cohefion of Bodies may be diminith-
ed or deftroyed, and when their par-
ticles are feparated there is foine nataral
Force that makes them repel cach other s
whereas there is not any Body whofe
abfolute Gravity can be in the leaft di-
minifhed. 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
ler fall from the fame height, defcend
with equal velocitics, provided they meet
with no refiftance from the air; as will
appear from the following experiment.
If a piece of gold and a feather be let
fall from the top of a tall exhaufted
Recejver at the fame inftant, they will
bath come to the bottom at the fame
time. :

Since therefore the artraGtive Force
of the earth caufes all Bodies, that fall
freely, to defcend with the fame velo-
fity ; it follows that this Force mufl

at
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act equally on the particles of all Bodics
whatever ; and therefore it muft a& on
cvery Body in proportion to its num-
ber of Particles, that is, in proportion to
its quantity of Matter or its .wis inertic ;
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 quahtities of Motion,
acquired in the fame time, muft be pro-
portional to the moving' Forces, that is
to their weighits ; but fince 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 juftly eftimated by its weight, of
the
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the Force with which it endeavours to
defcend.

‘THr attradtive Force of the earth is
found not to a& equally on Bodies at
all diftances from its centre. Sir Ifaac
Newton has demonttrated, that this Force
above the furface of thie earth decrcafes
in the fame proportion that the fquare of
the diftance from the centre increafes
that is, the Forces with which the earth
acts on Bodics to put them in Motion,
at different diftances above the furface,
are 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 pounds,
and by the Force of Gravity falls thro’
16 feet in a fecond of time; it will ar
double that diftance weigh but one pound,
and will fall thro’ but four feet in a
fecond of rime, Me has likewife 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 diftance of two
thoufand miles from the centre, weigh
but half a pound, and at the diftance
of one thoufand miles but a quarter
of a pound, and fo on till at the centre
it lofes all its weight. The attraltive
force of the earth, when confidered as
ating 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.

Tuo’ ftrictly 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 refpe@ 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 diftances. And on this fup-
pofition are founded the reafonings of
Gallileo, Torricellius, Huygens, and other
Naturalifts, 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-
feribed by them, the times of the fall,
and the velocities thereby acquired,

Ir the Force of Gravity remains un-
varied, the Motion of a Body, falling
freely from a ftate of reft, will be uni-
formly acceleyated 3 that is, the incre-
‘ments of the velocity will be equal in
cqual times. For let us fuppofe the
time of the defcent to be divided into
a number of equal parts indefinitely
fmall 3 in each of thefe the Force of
Gravity muft make equal imprefflions
on the Body to carry it downwards,
and confequently muft by each impulfe
generate an cqual velocity in the full-
ing Body; and fince all the velocities
are in the fime dire¢tion, the laft ac-
quired mufl be fhill added to the for-
mer, and therefore the velocity of the
falling Body will be uniformly accele-
rated. :

It follows alfo that, at the end of
any ume, the whole velocity penerated
mufl be as the number of lmpulles re-

ceived

5
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ceived from Gravity, thac is, as the
number of the indefinitely fmall  pares
of time taken from the beginning of
the fall; and therefore the velocity ac-
quircd 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.

Tne 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 righc
angled triangle ¥ A.B C, whofc Bafe AB
denotes the time of the fall, and the per-
pendicular B C the velocity acquired at
the end of that time,

Fog, let there be drawn in the triangle
the lines H I, I' G and D E, parallel to
B C, then fince thefe lines H I, F G,
DE and BC arc to each other as
AH, AF, AD and A B, and fince
B C denotes the velocity acquired in
the time A B, the lines HI, FG and
D E muft denote the velocities refpec-
tively acquired in the times A H, AF

* Sce Fig. 3-
and
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and A D, becaufc the velocities are as
the times of the Motion. .. Now if we
fuppofe the whole time of the Motion
to be divided into a number of wery
fmall and equal parts, as AH, HF and
F D, we may then confider the velo-
city of the Body as uniform during each
of thefe parts of time; and fince the
{fpace defcribed by any uniform velocity
1s expreffed by a reftangle contained un-.
der lines proportional to the time of
the Motion and the Velocity, the fpaces
defcribed 1 the feveral fmall parts of
tine AH, HF and FD will be ex-
preffed by the little rectangles A H1K,
HFGL and FDEP, and thus the
Space defcribed in the whole time A B
will be exprefled by the fum 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 parts, into which
the whole time A B is divided, to be
indefinitely fmall, and their number in-
delinitely great, (as we ought to do if

we
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we confider the velocity as uniform in
each of thofe parts of time) then the fum
of all the re@angles will differ from the
triangle ABC by a quantity lefs than
any given one, and confequently the
Space defcribed in the whole time of the
Motion will be exprefled by the triangle
ABC,

From hence we may eafily deduce,
as corollaries, all the other properties of
an uniformly accelerated Motion. Firft,
the Space which a Body falling frecly
defcribes 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 AB denotes the time
of the fall, and B C, the laft acquired
velocity, the fpace defcribed in the time of
the fall will be exprefied by the triangle
ABC; but the Space defcribed in the
fame time by a Body moving uniformly
with the velocity B C will be exprefied

by
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By the rectangle A BC O, of which the
triangle is one half.
Seconpry ; The Spaces, delcribed by
2 Body falling freely from a flate of reft,
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 faid, that the Spaces” deferibed by
a falling Body in the times denoted by
A B and AD will be in the fame pro-
portion with the triangles, ABC and
A DL bacthele trianales being fimilar,
their aveas are to each other as the Squares
of their homologous fides ; that is, as the
Squares of the lines A B and A D, which
exprefs the times of the fall, or as the
Squares of the lines B C and D L, which
exprefs the velocities acquired in thole
times : Wherefore the Spaces deferibed
in different times by a falling Body are
to each other as the Squares of the times
trom the beginning of the fall 3 or us the
Squares of the velocities acquired at the
®nds of thofe times.
‘Lo confirm this by an Lxperiment ¥
D Let
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Let a weight of cleven hundred grains
fall from the height of three inches,
fo as to firike onc end of a balance, its
Force will be jult fufficient to raife 2
pound weight, hang at the other end of
the balancc, to a {mall hewht but in
order to raifc weights of two or three
pounds, the fame body muft fall refpec-
tively from the heights of twelve and
twenty-feven inches, for lefs heights will
not be {ufiicient,

Tue forces wherewith the defcending
Body flrikes the end of the balance are
proportional to the weights they arc able
to raife; but the Forces with which the
fame Body firikes are alfo proportional
0 its velocities ; wherefore the velock-
ties acquired by the falling Body are, in
this cafe, as the weights raifed, that 15
as one, two, and three; and therefore
the Squares of the velacities are as the
Squures of thefe numbers, that is, as 0n6
four, and nine ; but the Spaces thret
twelve, amd twenty-feven are alfo in the
fame pmporti(,n as one, four, and ninG
and thercfore the Spaces deferibed are 83

I the
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the Squares of the velocitics acquired by
a.Body in falling thro’ them.

. Hencs it follows, that the Spaces de-
feribed by a falling Body in the feveral
momernts of time taken feparately, and in
their order, from the beginning of the
fall, are to cach other as the odd num-
bers, one, three, five, feven, and {o on,
taken in their natural order; for, where
the times of the fall are one, two, three,
and four moments, the Spaces defcribed
Will be as the Squares of thole times re-
fpcc‘;'livc]y, that is, as one, four, nine, and
bixteen ;, therefore the Spaces deferibed
1 the fecond, third, and fourth moments,
taken feparately, will be as the differ-
ences berween the numbers one, four,
Mine, and fixteen refpeclively, which are
three, five, ftven, nine, and {o on.
As the Motion of a Body falling from
a ftate of reft is uniformly accelerated,
fo likewife the Motion of a Body thrown
dircét]y upwards is uniformly retarded.
For the fame Force of Gravity, which
“onfpires with the Motion of a falling
ody, alls in dire¢t oppolition to the
D2 motion
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motion of fuch as afcend; and there-
fore, in whatever manner it accelerates
one, it muft retard the other. Whence
it follows, that a Body thrown direétly
upwards will continue to afcend for a
tine equal to that, in which, by falling
from a ftate of reft, it would acquire the
fame velocity with which it is thrown
up. For fince the altion of gravity is
conflant and uniform, in whatever time
it generates any velocity in a falling Bo-
dy, in the very {fame time it mult deftroy
that velocity in a rifing Body, and therc-
{ore the time of the afcent mult be equal
1o that of the fall, Hence if a Body be
thrown direétly upwards with a velocity
equal to that which it has acquired by
falling from any lLeight, it will afcend
+0 the fame height before it lofes all its
velocity,  Tor fince, of thefe equal ve-
focities, one is generated and the othef
deftroyed in the fame manner, by the
uniform a&ion of the fame Force, and in
the fame time, it is manifeft that the
fum of the velocities wherewith the bo-
dy moves, during its defcent and 18
afcenty
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afcent, muft be equal, and confequently,
the Spaces defcribed in its defeent and
inits afcent muft alfo be cqual.
- In order to determinc the ablulure
Force of Gravity at the furface of the
Farch, it is neceflary to know thro” what
Space a Body will fall in a given time.
And by very accurate experunents made
with Pendualums, which will be men-
tioned hereafter, it has been found, that
a Body, ncar the furface of the Farth,
falling from a ftate of reft, will defeend
through the Space of about fizieen foot
and once inch in a fecond of time, thas
is, in the fixtieth part of a minute:
from whence it appears that the Force of
Gravity, by acting on any Body only for
one fecond 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 fecond, or
thro’ very near twenty-two Znglih milcs
in an hour.

I must obferve here, that Bodies do
not defcend in all climates at the rate
- of fixteen feet and an inch in a fecond
D3 of
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of time, but in fuch places only as arciin,
or ncar, the Lativude of forty-nine de-
arece.  In places more diftunt from the
Aiquator, the defcent is quicker, and
flower 1n thofe that are ncarer to it.
For it has appeared, from a great num-
ber of obfervations, that the Xorce .of
Gravity is leafl under the Aiquator, and
that it increafes continually as we ap-
proach towards the Poles, where it is
greatelt of all.

Tue 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-
ferved before, would alually fly off, if
they were not retainéd by their Gravity.
(¢) Now as all thefe Bodics revolve uni-
formly round the Earth’s Axis in four
and twenty hours, either in the ZEquator

(<) By the centrifugal Force, is meant that
force which we fee makes Bodies, lying loofely
on 2 wheel or a globe, fly off when it revolves
fwiftly round its Axle ; and this arifes from their
tendency to move on in aright line according ta
the firft luw of motion,

or
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or in circles parallel to it, their veloci-
tics, and confequently their centrifugal
Forces, muft be as the Peripherics of
the Circles they deferibe; and there-
fore as the Aquator is the greateit of
all thofe Circles, and she others grow
lefs and lefs as they are more and more
diftant from the Zliquator, the centrifu-
gal force of Bodies muft be greatelt in
the /Equator, and be continually dimi-
nifthed towards the Poles, till at laft it
vanifhes at the Polar points. As this
force alts in oppofition to Gravity, it
muft of courfe diminifh it, and this di-
minution muft be greateft in the ZAiqua-
tor, and grow lefs and Iefs in the ap-
proach towards the Poles.

Turre is alfo another reafon why
the Force of Gravity fhould be more
diminithed 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 act in direct oppo-
fition to the Force of Gravity at the

Dy Aiquator,
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Hquator, whofe center is ‘the fame with
that of the Earth; but 45 the c¢énters
ot all the Circles parallel to ‘the ZEqua-
tor, are at feveral diftances ' from the
center of the Earth, in every fuch Cir-
cle the centrifugal Force a@s obliquely
againft the Force of Gravity, and the
more fo as the Circle is nearer to the
Pole, and therefore cannot diminifh it
Jo much as it does at the Aquator.

Sin Ifaac Newton has proved, by a
moft ingenious method of computing,
thar Fodies at the ZEquator lofe .34 part
of the weight which they would have if
they were placed at the Poles; and has
fhewn that the ZEquatorial diameter of
tle Earth exceeds the Polar diaumeter,
or the Axis round which the Earth turns,
by about feventeen Englifb miles and % ;
for if the Zquatorial parts of the Earth,
where the Waters are lightefl, were not
fo much higher than the Polar parts,
where they are heavieft, the Seas about
the Poles would fubfide, and rifing at the
HAquator, would overflow the Lands

thereabouts.
From
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. From an_experiment made at the, be-
glnnmrr of tlm Lecture, it was canclud-
ed that the Gravity of every Body is
pxoportloml to its Quantity of Matter
and as this is a propofition of great im.
pertance in Natural Philofophy, it may
be proper to explain it a little more
tully, and to obviate fome objections
that, to common obfcrvers, may feem
to arife againft it. Bodies of different
kinds feem, at firlt fight, to be endued
with different degrees of weight 3 thus
Lead is faid to be heavier than Cork,
and Gold to be the heavielt of all Bodies.
Now the reafon why fome Bodies are
heavier than others of an cqual fize 1s,
that fome Dodies contain in the fame
bulk, a greater Quantity of Matter than
others do.  Thus a ball of Lead con-
tains much more Matter than onc of
Cork of the fame lize, for Lead is a
much more compadt Body than Cork,
which abounds with large empty Pores
and  Interfices ; and  therefore, fince
the particles of Lead lie clofer together,
it muft contain more Matter in the fame
D s tulk
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bulk than Corld does, and confequent-
ly it ought to be prdportionably héa-
vier.
* Bopizs differ very much in regard to
the proportion which their Pores bear
to their folid Parts, and accordingly are
faid to be of different Denfities ; that
being called the denleft which contains
the “greateft Quantity of matter in pro-
portion to its bulk. Now as every fpe-
cies of Matter has a degree of Denfity
peculiar to itfelf, if we fuppofe many Bo-
dies of different kinds to have the fame
magnitude ; eachw Body will contain a
Quantity of Matter proportional to its
Denfity, and confequently each Body
will liave a different weight, and that in
proportion to its Denfity, which weight
is therefore called s fpecific Gravity
From hence we fee how Bodies of the
fame fize may have different weights,
and yet the Gravity of each be ftill in
proportion to its Quantity of Mattcr.
Tuat Air is heavy like other Bodies,
is now well known, and .the weight of
the Atmofphere is accuratcly meafured
by
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by the weight of the Quicklilver that ig
fultzined in the Tube of the Barometer.
It is alfo well known, that Smoke afcends,
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-
ly 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 it, and that in propor.
tion to the Quantity of Matter in each
of them.

Tuis 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 Bodics that come
any way under our obfervation, Sir
Ifaac Newton has demonftrated, that the
Moon gravitates towards the Earth, and
is retained in her Orbit mevely by thac
Force.  And (ince the revolution of che
Moons round Jupiter and Saturn, and
of the primary Planets round the Sun,

are Phanomena, or cilecls of the fame
Do kind
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kind with ¢t~ revolution:of our Moon
round the earth, he concludes, by .the:
fecond Rule of :Philofophifing; that .all
thefe Effeéts muft proceed from like
Caufes, and thercfore that the Moons
of Jupiter and Saturn gravitate - towards
their Primaries, and that all the Pri-
mary Planets gravitate towards the Sun,
He has alfo fhewed, that if one Body
attradls another with any Force, with
the fame Force does that other Body
actract 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 attraltive forces of thefe great
Bodies a& according to one univerfal
and invariable Law, which is, that every
two of them attract each other wich
Forces that are direclly as their Quan-
tities of Matter, and inverfely as the
Square of the diftance between their Cen-
ters.  And fince the Attractions of thefe
Borlies are made up of the «Attractions
of all their Particles, it follows, that
: every
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every two: Particles of. Matter muft: ags
tract each other with Forces that are: as.
their Quantitics of -Matter directly. and:
inverfely as 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 Attraltion bears the fame pro-.
portion tomthe weight of the Bodies that
the Bodies themfelves do to the whole
earth, and therefore it muft be altoge-
ther imperceptible.

Sir  Ifaac Newton’s great difcovery
therefore confifts in his having proved
that the well.known power which we
call Gravity, ating throughout the So.
lar Syftem, according to the law above
mentioned, is the immediate caufe which
preferves’ the Plancts and Comets in’
their Motions round the Sun; and thac
this Force alone is fully fufficient to ac-
count for all the irregularities of the
Lunar Motions, for the Retrogreffion of
the /quinoctial Moints, and for the Tides

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

Ay this he has done by fhewing, fram
mathematical calculations, that this Force
alting on thofe Bodies muft neceffarily
produce fuch effects and appearances, as
exaltly correfpond with thofe which, the
beft obfervations affure us, do really take
place in Nature; fo that there can re-
main no doubt of his having afligned
the true caufe of all thofe great Phae-
nomena. Thus has he entirely overthrown
all the fpecious Hypothefes by which
his Predeceflors endeavoured to cxplain
thofe matters, and has at length laid
open to us the true fyflem of Nature
in which the wife difpofition of the great
Bodics 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 ftill remains to be determined,

whcther thefe Forces of Gravity and Co-
hefion
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hefion arife immediately from the Will,
of the Supreme Being, or .are the effeéts
of fome fecondary or mechanical  caufe,
which He is pleafed to employ in carry-
img on the operations of Nature; and
which, as an immediate inftrument in
his hand, muft derive its whole efficacy
from his Will only. Sir Ifaac, from.
fome Phznomena, was induced to fuf-
pect that the immediate caufe of Gra-
vity was mechanical; and that there
exifted throughout the Univerfe a moft
fubtile ®therial fluid, whofe 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 ¢laftic than
our air, and of confequence vaitly lefs
able to refift the Motion of Bodies,
and much more able to prefs upon grofs
Bodies by endeavouring to expand it
felf. This Zither he fuppofes muft,
from its repelling force, be much rarer
within the denfe Bodies of the Sun,
Planets, and Comets, than in the empry

fpaces
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fpaccs between them ; and that in pafling,
from them to greater diftances it grows
denfer and denfer perpetually, and there-,
by caufes the Gravity of thefe. great ,Bo;.
dies towards each other, and of their
parts towards the Bodics, every Body
endeavouring to go from the denfer parts
of this ther towards the rarer (d).
All this however he propofes only as a
conjc&ture, and leaves the truth of it to
be determined by future Experiments ;
and I have mentioned it here only be-
caufe it is the conjeture of fo great
a Philofopher. For tho’ the late IEx-.
periments in Eletricity prove the Exift-
ence of fome fuch fubtile Auid, which.
ealily pervades the denfelt Bodics, yet I
have not heard of any Lxperiments that-
prove it to be the caufe cither of Gravity
or Cohefian.

. WIHATEVER may be the caule of Gra-
vity, it cannat be tmproper, in our phi-
lofophic reafonings about its eflelts, to
conlider it as a quality or property be-
longing to all Bodics that fall in any-.

(d) Newton's Optics.  Query 1.
3 wife
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wife ‘under our obfervation, as our ‘ex-
perience fufficienitly warrants us in fo
doing 3 and fince this quality cannot in
any Body be increafed or diminifhed, it
muft 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 for the exiftence of a Yacuum.
For if the region of our Air, for inflance,’
was filled with any Matter that had no
empty pores, let this matter be ever fo
fubtile or ever fo fluid, it muft fill 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-
{cend in this Fluid, as it is for Cork to
defcend in Water, or Wood in Quick-
filver. And fince Bodies, which in the
open Air are refifted in very different de-
grees, fall together in an exhaufted Re-
Ceiver without any fenfible refiftance 3
we 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 refifting, or wis inertire, or in other
words, that it doth not cofitain ‘any fen-
fible Matter at all. It is therefore in-
cumbent on thofe, who affert that all
Space is equally full of Matter, to ecll us
what kind of Matter it is that adequatcly
£lls a Receiver exhaufted of #r, and to
fhew us its propertics ; fince it is evi-
dently divefted of thofe properties that
are common to all the Bodies we know
of,

LECTURE
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Laws of Motion explained
AND

Confirmed by Experiments.

Sdri @ e Sl e deofidob dedreodeod b dnd befrdotedodniod dop b

Frﬁ)}:'”x AVING given an account of

H X the Properties that are eflential

to Matter, and of the I'urces

R called Atrraltion and Repul-

fion; I come now to fhew how the Mo-

tions of Bodies, arifing from thefe Forces,

are regulated according to the Laws laid

down in the firft Lecture, and to confirm
thefe Laws by Experiments,

As
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- As by the firft Law of Motion every
Body mutt, in proportion to its Quantity
of: Matter, endeavour to continue: in ‘the
ftate it is put into, whether it be of ‘Reft
or uniform reétilineal Motion 3 and as a
Body put in Motion by any Impulfe muft
begin to move with fome certain Velocity,
and its Motion muft be dire€ted towards
fome certain point; it follows, that the
Body muft go on in the fame right line,
defcribing equal fpaces in equal times,
until fome Force be imprefied upon it to
produce a change. Therefore, when a
Body moves in a Curve line, that Curva-
ture mult neceffarily proceed from fome
Force which continually aéts upon it, and
turns it from its natural re&ilineal Courlfe;
and whenever that Force ceafes to a&, the
Body will move forward in a right line
touching the Curve in that poeint where
the Body was when the Force ceafed to
act. 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
ftrecch the ftring with fome Force, and

when
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when 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
revolution of the Sling, until its Gravity

“draws it from this line towards the Earth,
By the fecond Law of Motion it ap-
Ppears, that any Motion, or change of Mo-
tion, produced in a Body muft be pro-
portional to, and in the dirc¢tion of the
Force imprefled.  Therefore if 2 moving
Body receives an impulfe in the direction
of its Motion, its velocity will be thereby
increafed 5 if in the contrary dircétion, its
velocity will be diminithed, the’ its di-
retion will not be changed 3 but if the
Force be impreffed in a direétion 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 imprefled. And if a Body at
reft receives two impulfes at the fame
time from Forces whofe dire@ions do not
‘coincide, it will, by their joint a¢tion, be
made to move in a line that lies betwéen
the dire&ions of the Forces imprefled. Far
' inftance,
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inftance, if on the Body A (fig. 4) aForce
be imprefled fuflicient to make it move,
with an uniform velocity, to the point B
in a fecond of time, and. if another Force
be alfo imprefied on the Body which alone
would make it move to the point C in the
fame time ; the Body, by means of thefe
two [orces, will defcribe a line whofe
pofition may be thus determined. Com-
plete the parallelogram A B D C, whole
fides A B and A C are by the {uppolition
proportional to the Forces impreffed 1n
their dircétions, draw the diagonal A D
the Body will move along this line and
will delcribe it in the fame time in which
it would have deferibed either of the fides
A B or AC feparately. Ior fince the
Force imprefled on the Body to carry it
to the point C, is not direéted cither to-
wards the line BD or from it, but ads
in a dire@ion parallel to it, that Force
cannot either accelerate or retard the ve-
locity with which the Body approaches
the line B D ; the Body muft therefore ar-
rive at the line B D in the fame tme it
would have done if no other Force had
been



LECTURE IV, 95
been imprefled-on it but that in the di-
rection A B, and therefore at the'end of
one fecond it will be found fomewhere in
the line BD, In the fame manner, fince
the Force imprefled in the dire¢tion 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 fame time it would have done,
had no other Force been imprefled than
thatin the diretion A C; and therefore
the Body will, at the end of one fecond,
be found fomewhere in the line CD;
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 jointim-
preflions of the Forces, it muft have fet
out trom the point A, with a reétilineal
Motion, it muft, during its Motion, have
defcribed the whole line A D, the dia-
gonal of the parallelogram C A BD.

To confirm this by an Iixperiment:
Let three ivory balls, of an equal fize, be
fufpended from three pins, by ftrings of
equal lengths, and let the middle ball reft

over
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over one angle of a wooden Square ; then
Tet each of the extreme balls be let fill
feparately, 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-
1y, be moved over that fide of the Square
‘that liesin the direétion 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
direétions 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 ated upon at the
fame time by two Forces, that are to cach
other as the {ides of a parallelogram, A B
and A C, and a&t in the direttions -of
thofe fides, it will defcribe the diagonal in
the fame time in which it would be made
to deferibe the refpe@ive fides by each of
thefe Forces feparately, Therefore the
velocity wherewith the Body moves along
the diagonal, is to the velocity where-

with
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_4vith it would move along the fides, when
acted upon by each Force (ingly, as the dia-
gonal ta 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 direttion of which that Force
alts; 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
ating in the direétions 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-
reétigns, fuch as ABand AC, ot AE
and A F, fince the very fame Motion
would arife from fuch a compofition. And

E confe-
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canfequently the Lorce of a Body mov-
ing in. the linc A D may be’ refolved
into two Iorces alting in thofe oblique
diretions. From thie compofition and
refolution of Forces or Motions, we may
deduce the following Theorem, which is
of great ufe in Mechanics, for determin-
ing the effeéts of Forces alling againit
each other in oblique directions.

Ir three Iorces or Powers, aéting on a
Bodyin oblique direétions,be to cacly other
refpectively as the fides of a triangle,
drawn parallel to their diretions, thofe
Yowers will balance onc another and keep
the Body at reft.

LeT three Powers, drawing the Body A
(fig. 4.) in the dircfions A B, A C, and
A G, be to one another as the fides of the
triangle A B D, which are refpeétively
parallel to their directions, they will ba-
lance each other, and the Body will re- |
main unmoved. For taking A C cqual
to B DD, let the paralielopram A BD C be
compicted 5 then, from what was faid of
the compofition of Forces, the Powers
which draw the Body A in the directions

of
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of the figes A B and A C, will, by their
joint action, urge that Body from A to-
wards D), in the direction of A D, with a
I'orce which is to that of either of thefe
Powers, as A D to either of the fides, re-
{pectively ;5 but the body is draw 1 in the
oppolite direction from A towards G, by
the third Power, wholt Force, by the fup-
polition, isto that of either of the other
Powers, astheline ADIstoABor A
C refpelively ; thercfore the Force of
this third Power is cqual to the joint ac-
tion of the other two Powers; confequent-
ly the three Powers mult bulance each
cther, and the Body A, being drawn
cqually in oppefite 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 15 2qual thereunto;

- and thercfore any three Powers whichare
to one another as the fides of a tiangle,
and aét in direftions parallel to- thefe
fides, will deflroy cach other’s effect, and
remain in ZBquilibrio.  And from hence
1t follows, that when three Powers, acting

L 2 ' again(t
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againft each other in oblique directions,
are’ in Aiquilibrio, they will be to each
other as the fides of a triangle, which
are refpetively parallel to their lines of
dire&tion.

Toconfirm this by an Experiment: Let
the fides of a triangle A B D, drawn onan
horizontal Plane, be as two, three, and
four ; and let A C be parallel to the fides
B D, and let D A be continued towards
G ; 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
A.C 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
ZEquilibrio.

Tuz third Law of Motion, which arifes
from the Incrtnefs of Matter, is, that re-

action
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aftion is always equal to action, .and in'a
dire&tion contrary thereto ; 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
other, and in a contrary direflion.

In my Lecture on Gravity, I obferved,
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 likewife be-
tween the Loadftone and Iron forif 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 3
that is, if their weights are equal, they
will approach with equal velocities, or it
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 attradtions between thofe Bodies
are c¢qual and reciprocal.  When two
light Bodies are {ulpended near each,
other, if one be eleftrified and the other

I3 not,
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not, they will equally and mutally attra&
cach other, and come together.

Tr aman, placed in a boat, draws an-
other boat by means of a rope, the one
wherein the man is placed will be cqually
drawn with the other, and the two boats
will come together with equal quantities
of Motion. So that if they are of the
fame weight, fize, and fhape, they will
move with equal velocitics ; but if one boat
be in weight deuble the other, it will move
with only half the velocity of the other,
and they will ftill approach each other with
equal quantities of Motion. This will
appear by the following Experiment.

Lzt a cord be made faft to one end of
a fmall boat, and let it pafs over a pulley
fixed to the end of another fimall boat of
the fame fize and thape, and let a weight
be'tied to the end of the cerd, and hang
in the water, then let the boats be placed
at fuch a diltance, as that the cord miay
be ftretched 5 when the boats are let go,
the weight will defcend, and thereby draw
the boat to whofe cnd the cord is faften-

cd rowards the other, and at the fame
time
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time the other will move towards it And
the quantities of Motion in both boats
will be equal, for their velocities will be
equal whin their weights are fo'y and
when their weighes are unequal, their ves
Jocities will be inverfiy as their weights s
for when they mect, the Spaces they
have deferited will be found to be m that
proportion,

As Altion and Rea&ien are equal in.
all attrallions, fo are they likewife equul
in refpeét to flrokes or impulfes made by
Bodies one upon another , for the Force
of two Bodies, ftriking each other, affeCls
equally the Motion of both, and produces.
equal changes therein towdrds contrary.
Parts; {o that when one Body firikes
againft another and communicates Mo-
tion to it in a certain diredion, juft fo
much Motion does the ftriking Body lote
in that direction, or juft {o much Motion
15 there conmunicated to it in, the con<
trary direction, I fhall therefore confirm
this third Law of Motion, by fhewing
that what 1 have now faid, holds true In
all cafes, from Experiments made by the

L4 colliion
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collifion of Bodies both non-elaflic and
elaftic: but firft I muft lay before you the
mceihod of making thefe Experiments,

Tue Bodies that are to ftrike each other
muft ‘be formed into Spheres; and then
fufpended 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 Idorizon.
Now, that you may underftand the man-
ner of eftimating the velocities with
which thefe Bodies are made to ftrike
cach other, 1 muft lay down fome things
concerning the Motion of Bodies thro’
the arches of Circles, the truth of which
fhall be demonftrated when I come to
treat of Pendulums. .

Anp firft, all the arches of a Circle,
provided they be not large, are defcribed
in equal times by pendulous Bodies de-
fecending along themy and therefore if

- nendulous Bodies be let fall at the

_ sine, one from C and the other
- . Ly in the periphery of a Circle whofe
radius
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radius is A B (ﬁo 5.) thcy will both’ar-
rive at the lowelt point B at the fame
time ; and thc ftroke of the {'ubiuquuu
Body upon the preceding will be made
at B: and for the fame reafon if one be
let fall from C or E, and the other from
D or F, they will meet and firike one
another at B.

Stconpwy ; the velocity which a Body
acquires in falling thro’ the arch of a
Circle, is as the cord of the arch’; that
1s, the velocity of a Body which has
fallen from C to B, is to the velocity ot
a Body that has fallen from L& to B,
as the cord C B to the cord L B, And
here I muft obferve to you, that when,
in the following Experiments, I fpeak
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-
g up, an arch whofe cord is of fuch a
length.

TuirbLy 5 the velocity wherewith a
Body begins to rife up thro’ the arch
of acircle, is as the cord of the arch

| DI which
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which the Body defcribes irt its afcent;
Thus the velocity wherewith 4 Body bé:
gms to move from the ‘point’ B tow:zrdq‘

D, if it afcends as high as D, i as the’
“cord B D; butif it nfcs only to I, the
velocity is as the cord B F : fo that in
the Ixperiments 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 the ftroke; 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 firft
with Bodies that are non-elaftic, that is,
foft Bodies whofe parts yield to a fmall
Force, and, when compelled to change
their fhape, do not again return to it.

LeT two équal balls of foft clay or
putty be fufpended 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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Bodies are yoid of elafticity, they will
nat feparate after the flroke, but both
vogether, afcend with a common velocity
to the height of three inches. There-,
fore the common velocity of both Bodies,
after the ftroke, is but half the velocity
which the ftriking Body had before the
ftroke, and confequently, fince the Bo-
dies are equal, each of them will have
half the quantity of Motion which the
ftriking Body had before the ftroke 5 fo
that the ftriking Body has loft, by the
ftroke, half its quantity of Motion, and
jult o much has the quicfeent Body:
gained. ]

Ler 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 ditection; the Motions of thofe Bo-
dies before the firoke are refpeélively
nine and three, and their difference fix ;
after the ftroke they will aliend together
n the diretion of the f{triking, that is
the flrongeft, Body, to the height of
three inches; therefore the Motion ¢f

E o each
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cach Body will then be three,. and the
fum of their Motions fix,: which is the.
fame with the difference of . their Mo-
tions before the ftroke ; confequently the
ftriking Body, whofe Motion before was
nine, has, by the ftroke, loft fix; and
the other Body, which is turned back
with three parts of Motion, muft have
had a Motion as {ix communicated to
it by the ftroke, by onc half of which
ats 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.

Ir is evident in all cafes, when the Bo-
dies come together moving in oppofite
dire&tions, that the difference of their Mo-
tions before the ftroke will be the fum
of their Motions after ir. For the {trong-
eft Body muft deftroy the whole Motion
of the weaker, and by the reaction of the
weaker, i1t muft lofe as much of its own
Motion : therefore at the inftant of the

ftroke
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ftroke there will remain only the diffec-
ence of their Motions in the ftriking Body,,
and-wirh ithis it will move on in its former
diretion, carrying the weaker Body along,
with it.

Ir therefore the Bodies moving in op-
pofite directions come together with equal
quantities of Motion, they will upon the
ftroke lofe all their Motion,and continue at
reft. To prove which by an Experiment,

Lrt two cqual balls of clay fall at the
fame time from equal heights, and in
oppofite directions; upon the firoke they
will ceafe to move. And the fame thing
will happen when the balls are unequal,,
provided the hcights from which they
fall are reciprocally proportional to their
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
iz an oppofite direction, and upon their
meeting they will lofe all Motion; each
Body communicating to the other a

quantity of Motion equal to what that
other
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other had before the ftroke, and in amr
oppofite direftion ; and therefore. thefg
Motions muft neceffarily deftroy each
other. From thefe experiments it ap-
pears, that whatever Motion one non-
claftic Body communicates to another,
fo much does it lofe itfelf by the reaclion
of that other. ‘

I aM now to thew that when two elaftic
Bodies ftrike together, the Motion loft by
one will be equal to that communicated.
to the other,  Bodies are faid to be elaftic,
whofe parts yield and give way when pref-.
fed, and reftore themfelves again to their
former fituation when the prefiure is re-
moved ; and if the Force wherewith they.
reftore themfelves be exactly equal to the
Force whereby they are bent inwards, then,
the Bodies are faid to be perfectly elaftics
and fuch are all thofe Bodies fuppofed to-
be, with which Experiments are made for
confirming the theory relating to the col-
lifion of elaftic Bodies. -But, as there 1s
not perhaps in nature any Body perfectly
elaftic, where the Experiments varya little
from the Theory,. fuch variation muft be

afcribed:
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afcribed rather to the want of perfecr
Llalhcxty in the Bodics, than to any. er=
ror in the Theory itfelf.

Ir of two Bodies, perfettly elaftic, one
be at reft and the other in Motion, or if
they both move the fame or contrary
ways, fo that they may firike each other
direélly; the quantity 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 quantity 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-elattic ; 3 now I {hall thew
that thefe quantitics of Motion will be
‘Juft doubled by mcans of the klatticity,
and confequently they muft thill be cqual.
Since the Bodies are fuppofed to be per-
feldly claflic, their parts, when bent in-
wards by the ftroke, will reftore themfelves
to their tormer fituation 'with a force equal
to that which bends them in; but this
Force is meafured by the quantity of Moa
tion, which the ftriking Body communi-

cates
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cates to the other; therefore, after the
ftroke, this elattic Forcé will throw the
Bodies different ways,’ and ‘each with 2’
guantity - of Motion'equal to that which
the ftriking Body comimunicates to the
other, which, added to the communicat-
ed Motion, will make that double, be-
ing in the fame direction therewith, and
which, fubdu&ed from the Motion of
the ftriking Body (as contrary thereto)
will make the lofs 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;,
of, in other Words, the Force of the two.
Bodies friking each other will equally’
affett-the Motion of both, and produce
equal changes therein towards contrary:
parts; fo that the ation of the ftriking
Body, and the re-aétion of the other upon
it are cqual in all cales. 'What has been.
now proved will be confirmed by the fol-
lowing Experiments.

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

they
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they will be both reflected back by the
firoke, and will rife to almoft the fame.
height from which they fell. When the
balls were void of claficity, after the
firoke they continued at reft, each having
communicated its whole Motion to the
other, which communicated - Motion in
each Body ferved only to deftroy its for-
mer Motion, being equal and in a contrary
diretion thereto ; now it is plain that the
balls will, merely by the ftroke, commu-
nicate the fame Motion to each other,
whether they be elaftic or not ; and there-
fore, fince the balls deftroy cach other’s
Motion by the ftroke, and recover very
nearly their whole Motions by means of
their elafticity, (each Body being thrown
back with almoft the fame velocity it had
before the ftroke) we may conclude that.
the parts, when comprefitd by the ftroke,
reflore themfelves with a Force neatly
cqual to the comprefling Force, and
which may therefore be meafured by the
Motion communicated.

Lera ball of ivory fall from any height,
and ftrike an equal ball at reft ; the ball
which
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which reccives the ftroke will afcend tor
nearly the fame height from which e
other fell, and the other will remain at
reft 5 fo that the ftriking Body lofus its
whole Motion, and the quicleent Body
acquires as much. In this cufe, whenthe
Bodies were non-cluftic, the firiking
Body communicated only halt 1ts Motion
to the quicfeent one, and loft fo much it~
felf,

Wt fee therefore, from thefe Lxperi-
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 ftroke, and that
it equally increafes them both, tho’ it is
imperfect; and confequently we may:
conclude, that whenever two Bodies, ei-
ther non-claftic or elaflic, ftrike cach
other, the Force of the (troke will make
equal changes in the Motions of cach,.
or that cqual quantities of Motion will
be communicated to each in oppolite di-
reClions ; fo that the fum of their Mo-
ttons, when they move the fame way,
or the Difference of theiv Motions, when

they
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they move contrary ways, taken in the
dircftion of the {triking Body, will be
the fame after the ftroke as it was be-
fore, '

Ir, inflead of one, there be two, three,
or more quiefcent balls contiguous to
cach other, that which is fartheft remov-
ed from the ftriking ball will fly off
with the velocity of the flriking ball,
leaving it and all the interimediate balls
at reft.  For as the firiking ball imparts
all its Motion to the firlt of the quiel-
cent bBalls, fo does that in like man-
net to the ball that lies next beyond
ity 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 firiking ball had before
the firoke.

I suarr add one Experiment more, by
Which we may fee that an elallic Body,
by ftriking another, may comumunicate
1o it more Motion than it had itlelf.  If
an ivory ball falls from the height of
nine inches, and flrikes another, at refl,
that has double its quantity of Matter

4 after
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dfter 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 two, 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
actount 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 flroke 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 Jarger ball would,
merely by the ftroke, acquire two thirds
of the lefler ball’s Motion, that is, fix,
and fo much would the lefier ball lofe;
fince therefore, by means of the Elatticiry,
the Motion communicated and loft is
doubled, the larger ball muft acquire
twelve parts of Motion, and therefore
mult rife to the height of fix inches;
and the lefler ball muft lofe twelve parts
of
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of Motion, which is three more than it
had’ beforc the ftroke, therefore it will
be refledted 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 dire¢tion. Hence it follows,
whenever a fmaller elaftic 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
thc ftroke, will be ever equal to the Mo-
tion wherewith the fmaller ball is re-
flected back after the ftroke, as is evident
from what has been faid. If therefore
Motion be communicated from a {maller
claftic Body to a larger, by means of
feveral 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 increafe of Motion in elaftic
Bodies, a reafon may be drawn for the
2 augmen-
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augmentation of found in {peaking-
trumpets ; for as the fpeaking-trumpet
is narrowelt at the mouth-piece, and
thence widens and enlarges continually
to the extremity, the Air within it, which
15 an elaftic Fluid, may be confidered
as divided into a grear number of cy-
lindrical Badies of very fmall but equal
altitudes, the bafis of the firft being
equal to the aperture of the trumper,
to which the mouth is applied, and the
bafis of the reft increafing one above ano-
ther as they arc more and more remov-
ed from the mouthy upon which ac-
count the Motion, that is imprefled by
the Force of the Voice on the firft cy-
lindrical Body of Air, grows greater in
the fecond, and greater {lill in the third,
and fo on, till at length, at the exit of
the Tube, it becomes {fo great as to mag-
nify the found very confiderably.
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