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3teos? S you, with fome other of my
i 7 friends, did me the honour to
publifh the firlt Part of the fol~
lowing fhort Efjzys, in the year
1748 ; I thought myfelf bound
in gratitude to addrefs them
to you, now they make their appearance in
public together. My ftudies, for fome years
before, having a confiderable connexion with
natural philofophy, I had at leifure hoursdrawn
up the firft Part, without any intention of mak-
ing it public: but it happening to pleafe you
and fome friends, whofe judgement I trufted
to. more than my own, it was printed. From

that time I began to confider it as a regular
A founda-
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foundation for a Syftem of phyfical principles ;
and in a year after drew up zhe Principles of
motion, which have lain by me ever fince. Af-
ter {tating fome of the neceflary properties and
laws of matter and motion, the profecution of
the plan would require, in the fame manner,
to colle feparately the diftinguithing pro-
perties of the different fpecies of matter com-
prehended in the Syftem of nature, fo far as
experience and reafon can inftru¢t us; and
then to fthew how they are mechanically
adapted to co-operate in producing the be-
ings and {fenfible modifications of matter in
nature, particularly thofe appearances, which
philofophers have reafoned upon as occult and
unmechanical, and yet regular and inva-
riable.

It is fomewhat aftonithing, that the in-
quirers after phyfical truth {hould obferve and
acknowledge mechani{m in any part of nature,
and not be led to inquire, whether it is not
univerfally extended ; efpecially as all matter
and motion muft have the fame abfolute in-
variable properties, If vapdur rifes mechani-
cally, why may not a ftone defcend by the
fame law? If fluids circulate in organiz'd

bodies
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bodies by continued impulfe, why not a planet
revolve by the fame caufe ?

It may appear odd to throw the blame of
the falfe fyftems of philofophy, which have
been lately invented, upon the abufe of a
branch of f{cience, which of all others is
believed to give the fulleft degree of evidence
mankind is capable of receiving, namely, the
Mathematics : and yet I fufpect it is too true.
Mathematical evidence is a phrafe for the
higheft degree of certainty; and all other
truths, the moft important and interefting not
excepted, muft be received in the mind with
a weaker and obfcurer degree of perfuafion,
becaufe their proof is fupported by an inferior
or more fallible demonftration. You are not
ignorant, Sir, that this is the common boaft
of the mathematical philofophers in praife of
that {cience. The inference is very obvious.
In their mathematical reafoning it follows,
That the Deity can give his creatures no {uch
evidence for any truth he would have them
receive, as they can attain of themfelves by
lines and figures: therefore they are not, they
cannot be abfolutely certain they are not im-

pofed upon.
A 2 Mﬂtl’; C=
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Mathematics are a fcience of great-impor=
tance and ufe, and have it in their nature to be
true, while apply’'d to compare the relations
of the figures of matter and motion: but the
{ame reafoning carried beyond thefe, becomes
fubtil abfurdity. I fhall have occafion here-
after to mention a remarkable inftance of this,
in reafoning from the properties of a figure to
the powers of motion; as they do, who pretend
to explain the elliptical and parabolical motions
of the planets and comets by the powers of
centripetal force and projection.

A moft remarkable abufe of this {cience pre-
fents itfelf in the very Definitions which Ma-
thematics fet ouf with. Thefe are {ubftituted
for the elements of matter. A Point is that
which hath no breadth, nor length, nor thick-
nefs ; or which hath no extenfion. Now, Sir,
can that, which hath no material properties,
be the firft principle of all material fubftances ?
Tho’ you or I may think otherwife, I aflure
you, by two or three more fuch mathematical
Definitions it can, A Line is a range of fuch
points ; ‘a Surface is a range of fuch lines ; and
a Solid is a compofition of fuch f{urfaces. Thus
you {ee, Sir, as the ultimate judgement form’d
upon

=
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upon mathematical evidence, defies the Crea.
tor’s power to give any fuch demonftration of
his own being or will ; fo what is laid down
as the firft principles of Mathematics, abolithes
his creation, to make room for one formed
upon {uch elements.

I doubt not but many will reckon this a
very {trained and invidious inference. But if
I had looked upon thefe Definitions only as
unmeaning f{ubtilties in the fpeculative part of
Mathematics, 1 thould not have given you the
trouble of this remark. But, whatever may
be pleadedto the contrary, it is felf-evident, that
thefe Definitions exaltly coincide with, and
are really the ground-work of our modern na-
tural philofophy. Could any one perfuade you,
Sir, that the infinite divifibility of matter has
no connexion with the above non-entity, a
mathematical Point? And we all know, how
neceflary the do@rine of infinite divifibility is
to the prefent {yftem of philofophy. Have
not the propagation of light, and many of the
greateft phenomena in nature, been explained by
it ? and are we not obliged to it, for that glori-
ous mathematical Idea, the rarefying a grain

of
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of fand ’til it {wells to the magnitude of a pla-
net, or fills infinite {pace ?

It is no wonder, that thefe fublime mathema-
tical Ideas thould exaltthe mind, beyond mathe-
matical evidence, to all the pretended analogical
conjeGtures, which thefe refined imaginaticns
could devife,and which are received by many as
the moft undoubted truths—fuch as, The {cale
of beings, The fyftems of comets, The fupply
of the folar fire, The plurality of fyftems,
The conjectures built upon the thirteen ftars
of the firft magnitude, twenty-fix of the fe-
cond, &¢. The galaxy, &c. &c: with ma-
ny other expedients for replenifhing infinite
{pace, eftablifhing a plenum of motions and re-
volutions, but a vacuum of matter where thefe
motions are defcribed, left they fhould be in-
cumbered in their career. What is amazing
in all this is, That, tho’ the modern philofo-
phical Creed be full of thefe uncertainties, yet
many of the moft unfhaken believers of it are
{o cautious, as to fufpend their affent to all di-
vine truths, for want of mathematical demon-

ftration.

I (hall always account it my happinefs, that
T was not acquainted with the natural philﬂfﬂ-

phy
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phy of the Schools, before I heard of another
which bid as fair for truth ; and that I had the
privilege of making a choice, before I could be
prejudiced in favour of any fyftem. I am not
afhamed at the fame time to confefs, that my
education was fuch, as made me however with,
that the philofophy, which was afferted to be
taught by Revelation, might be fupported with
evidence becoming the wifdom and authority
that unfolded it. I now am convinced, and
even flatter myfelf, am able to demonftrate
that it is f{o.

The followers of the Neawsonian fyftem do
well to affect a contempt of every thing that
may be oppofed to their Hypothefis. Doctrines,
which are fupported by popular reputation,
fave the partifans of fuch tenets a great
deal of trouble and vexation, which might o-
therwife attend the difcuflion of knotty objec-
tions. I would choofe neither to boait, nor in-
fult; but do think, that in all reafon, they,
who are not willing to give up that fyftem,
ought to undertake a fair defence of t.

Mathematics have no concern in the dif; pute.
The controverfy is reducible to one fingle
PGiﬂI £



8 INTRODUCTION.

point ; Is there a wacuum, or not? Let them
either produce their proof of it; or difprove
the arguments we thall bring for a plenum. A
vacuum is the poflulatum which fupports their
whole fabric. Szr Isaac Newron has no
where proved it ; yet it is evident, the three
properties of matter, which are the Axioms
or evident principles, in all his reafonings upon
motion, cannot be granted, unlefs a vacuum is
firft afcertained.

His firft Axiom is, That all bodies, once put
in motion, have as conftant a tendency to
move, as they have to reft before motion is
imprefled on them. 1t is true, this law needs
no proof but expericnce of the fact. But where
made Si» Isaac the experiment? Not on this
globe ; becaufe the furface of it is fo involved
in air and light, that it was abfolutely impoffi-
ble for him to try a proje&ion /7 vacwo. Not
among the planets, nor in the {paces between
them ; for he was never there, at leaft not be-
fore he compiled his fyftem of philofophy.
Befides we are pretty fenfibly informed, that
there is a continuation of luminous matter
between us and all the orbs. But all the phi-

lofophers of that clafs hold that fluid to be fo
rare,
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rare, as to be of noaccount in affe@ing the
motion of bodies: tho’ unhappily for them,
they cannot demonftrate, that there is one of
their mathematical points of {pace, which it
does not occupy ; their fenfes argue againft
them, and they themfelves allow it a wonder-

ful rapidity of motion.

Is it not ftrange then, Sir, thata Man fhould
take upon him to determine and eftablith a
law about the continuation of motion, without
the continuation of the caufe ; never regarding
an all-furrounding fluid, which neceffarily
muit have fome influence, both in promoting
and overcoming all the motions he could ever
make obfervation upon? To fay nothing of
the light, we are abflolutely certain, the air
refifts motion ; and by numberlefs experiments
upon the air-pump, Sir Isasc was, or might
have been, as abfolutely certain, that air pro-
moted it. He knew with what power the air
prefled upon his wacuum, and with what ve-
locity it ruthed into it: he knew alfo, that
every moving body continually leaves a vacuum
behind it, which the air muft exert its power
upon in the fame manner. Neverthelefs, he
explains the areas which all projectiles defcribe,

B by
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by the two laws of wis inertie and gravitation
alone. Ifit thould be argued, that thefe two
powers are only terms, which he ufed to in-
clude all the accidents that contribute to conti-
nue motion; then we fay, whatever fervice
he has done mathematics, he has hurt natu-
ral philofophy by his obfcure and fallacious
terims, -

A vacuum is no lefs neceflary for afcertain-
ing his two other Axioms, than it is for the firft.
But the third not only depends upon his af-
fumed wacuum, but is founded upon his great
relative property of matter to matter, namely
Gravitation. Can any thing be more inadver-
tent and delufive, than to aflume That as an
abfolute law of matter, or primary Axiom,
which is the confequence of a fecondary law,
or of the relation of one parcel of matter to
another ? His Axiom is, that re-a&ion is equal
to action, or that one body, put into motion
by another, deftroys juft as much motion in
the firft as it receives from it. Let us refle@ a
little what is the caufe of this fa&, affumed as
an Axiom. Why does every body refift the
action of another uponit? It is its native pow-
er, How does this native power in bodies
| manifeft
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manifeft itfelf ? By their weight. What is the
weight of a body? It is the force with which
it is attraCted towards the earth. So then this
Axiom depends upon Gravitation, tho’ it is
aflumed independent of it. Buat if it muft be
an Axiom, I would be curious to be informed,
Whether a body would weigh or not (for re-
fiftance is moft certainly the fame with weight)
if the power of Gravitation were not acting
in it: and if it did, I would be full more
curious to know, in what direltion it would

weigh.

Sir Isaac has not even reduced his favorite
principle of Gravitation to felf-confiftent laws.
We are told, that this principle is of the fame
nature, and acts by the fame laws, in all
matter; that all attraction in bodies is mutual;
that its power of action is in proportion to the
quantity of matter contained in the bodies.
But if that power of Gravitation be in every
refpet -mutual between two bodies, then the
degree of gravitation (which is known by the

acceleration of the motion) muft be in pro-
portion to the quantity of matter in the fmaller

body, as well as that of the larger: that is, if
the earth were left to the fimple eifect of
B2 Gravi-
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Gravitation or centripetal force, it would de-
fcend to the fun, with a velocity proportioned
to the power of attra&ion in the fun and in
the earth added together. Therefore a ftone-
weight of fubftance attracted by the fun,
would move only with a velocity proportioned
to the fimple power of the fun’s attraction,
the ftone weight's power being in propor-
tion as nothing. But this is falfe in fa&, for
a feather gravitates as faft towards the earth,
as a 1000 tuns of the moft folid fubftance.
Now if the earth attra@s according to its
quantity of matter, why fhould not a moun-
- tain of the fubftance of the earth, and every
particle of it endowed with the fame law,
gravitate according to its quantity of matter, _
and defcend fafter than a body which has not
the 100,000 part of its {fubftance ?

If we reafon upon this principle in the
reverfe light, from what is matter of fad&, it
appears equally abfurd. If a f{mall body
gravitates as faft towards the earth as the
largeft does, then the quantity of matter
makes no difference as to the power of Gra-
vitation: but if a larger quantity of matter
defcending is not more ftrongly precipitated

| towards
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towards the earth than afmaller; then the
greater or lefler quantity of matter contained in
a planet cannot difpofe it to attra@ bodies
more or lefs powerfully. For if there is no
difference of velocity between the defcent of
the {malleft and the largeft body, gravitating
toward the earth, then there can be no differ-
ence between the attracting powers of a fmall
body and the largeft planet; if it be till true,
that this principle ads by the fame laws in
all matter. 1In fhort, Sir, there isa myftery
of contradiétion, obfcurity, and confufion in
this part of the Newtonian philofophy, which
1s fmoothed over by a kind of mathematical
legerdemain.

Another faw of the centripetal poweris, That
it decreafes reciprocally in a duplicate pro-

portion of the diftance. That is, a body,
double the diftance that it now is from the

centre of the earth’s gravity, would gravitate
or weigh four times lefs ; at thrice the diftance,
nine times lefs. How eafily may this law be
traced into an abfurdity. For example, we
muft {uppofe, that it increafles and decreafes in
the fame Ratio : but if it increafes in the fame
Ratio, how will reciprocal duplicate propor-

fion
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tion increafe to infinity, when thefe diftanceg
- come to be divided by yards, inches, and hair=
breadths from the centre ? In a hair’s-breadth
itfelf from the centre, it will increafe millions
of times, by that kind of mathematical men-
furation, which makes a hair’s-breadth admit
of infinite divifion.

What a jeft is it then, Sir, for thefe gen=
tlemen to pretend to calculate the denfities of
planets, the quantities of matter contained in
them, or their {pecial powers of attrattion, by
fuch laws ! I know they will be very angry with
us, for meafuring the above law, by fuch divi-
fions as their own refinements on Mathematics
afford us; becaufe they think we laugh, and
don’t do it with the fame gravity that they tell
us, hew much a pound weight would weigh
upon the furface of the Sun, or Fupiter. But
I hope we may laugh fometimes with a
ferious meaning, as well as others be grave
with a ridiculous one.

Itis, in my opinion, a moft neceffary piece
of true wifdom for us, to know where our finite
capacities are bounded. Infinite wifdom has

placed enough within the reach of our under-
ftanding ;
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ftanding, which we ought to employ it upon.
But we forfake that, and goin queft of ima-
ginary worlds and {yftems not of Gop’s mak-
ing; and frame laws for ruling the world we
do know, which laws cannot be of Gop’s
compofing, as they infer the greateft abfurdi-
ties. It woud be juft as modeft for one of thefe
philofophers, to inform us what matter, or their
attraction is, as to calculate by their rules, how
many feet the moon would gravitate towards
the earth in a minute.

Sir Isaac NEwToN’s friends alledge, from
fome of his Queries, and fome cautions fcat-

tered in his Principles, that he had even fome
idea of that occult power, its being performed
by the impulfes of a fubtil fluid diffeminated
thro’ his infinite {pace, tho’ he was too modeft

to be dogmatical about it. But tho’ he had fin-
cerely meant fo, it was only retiring a ftep far-

ther into the dark ; and he might as well have
plainly confeffed his unmechanical power of
attraction, as have attributed it to another un-
mechanical agent. For we muft afk, By what
principle that f{ubtil fluid a&s? And the ulti-
mate anfwer muft be, The vis 7nertie and a
vacuum, 1am not inclined to judge of that great

man’s
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man’s fecret reafons for wavering about his
principle of Gravitation: but if, by afluming
fome hints from the mechanical philofophy,
he defigned to thew the world, that he even
penetrated a little into the caufes of thefe ob-
fcure powers, he has not in fact advanced his
charatter by it ; for his Axioms throw him
back again into his unmechanical dilemma.
But it is not eafy to guefs what he intended by
thefe feeming doubts; for in other parts of his
Works, where he may be fuppofed to fpeak his
own {enfe more peremptorily, he eftablithes

Gravitation as an univerfal property of all mat-
ter, his energetic fluid not excepted ; and af-
ferts it to be a principle, that as not only by
matter in cumulo, but eflfential to, and exerted

by, every particle of it.

The greatnefs of Si» Isaac NEwTon’s cha-
racter, and the palpable deficiency of former
Hypothefzs, have been a blind to his followers,
His chara&er as a mathematician, and not his
demonftrations as a philofopher, have been the
confirmation of his phyfical principles. Who-
ever has ventured to differ from him, how-
ever weighty their objections may have been,
have only incurred the chara&er of conceit,

_ obftinacy,
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obftinacy or ignorance. 'The foreign philofo-
phers have fuggefted many objetions and dif-
ficulties which deferved the attention of the
Newtonians ; but thefe took the benefit of the
charadter of infallibility, which opinions ac-
quire when they become popular ; and have
anfwered them not a word.

While Sir Isaac’s difcoveries have been
thus adored, what contrary treatment have the
difcoveries and characters of his cotemporary
Mr. Hurcuinson met with! tho it may
be fubmitted to NEwTon’s moft partial ad-
mirers, which of the two’s do&rines (even.
fuppofing them equally juft) are moft impor-
tant, and difcover moft of the natural philofo-
pher. What is properly Sir Isaac NEwTon’s
in the prefent philofophy, is his extending
Gravitation to all matter, and by a moft pro-
found {kill in Mathematics, forming rules for
calculating the decreafe of that power, by th.
increafe of the diftances of the attra®ing bo-
dies from one another. “

Mr. HuTcHINSON has laid down principles,
which may enable any perfon to difcover,

how Gravitation is mechanically perform-
C ed.
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ed. This was what the Newsonians had not
the remoteft idea of ; nor did they conceive
any thing about it, in fuch a manner as to give
them any hopes of difcovering the caufe. He
has difcovered the certainty and the necefity
of a plenum ; a do&rine, which the Newtonians
abhorred, as much as Nature (according to the
fchool-men) abhorred a vacuum. He has thewn
how the folar fire is fupported, without the
affiftance of a denfe atmofphere, comets, or
any fuch expedients. He has explained what
air 1s ; and tho’ he has not defcended particu-
farly to explain all the pbenomena in nature, he
has eftablithed fuch a material mechanifm, as
will account for all her operations, without
having recourfe to occult powers and unmean-
ing terms.  All thefe were more than ever the
philofophers expeéed to know.

Of this philofophy Mr. HuTcuInson had
two proofs. The one was to demonftrate it by
experiments, and to reduce any neceflary parts
of it to geometrical proportions. As many of
thefe had been made and calculated by prece-
ding philofophers, who could never inveftigate
the caufes, he left thefe to be explained and
applied, as a juft idea of philofophy fhould di-

Tk 3
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rect: knowing that experiments particularly
will always anfwer for themfelves, and cannot
be prefled into the fervice of falfe mafters.

He therefore addreffes himfelf to another
proof, which was quite new, and which he
carried on with a fuccefs fuitable to the noble-
nefs of the defign; a proof, for which he
ought to be held in incomparably greater ho-
nor, than if he had, by the fcle dint of ge-
nius, produced the moft refined and confiftent
bypothefis that human capacity could boaft of :
tho” perhaps it has gained him more enemies,
than if he had been the moft contemptible {y-
ftem-compiler, that ever pretended to bea ohilo-
fopher. He proves, that we have in Revelation
a difcovery of the mechanifm of Nature, given
us by Him, whofe knowledge of it muft be in-
fallible and indifputable, becaufe He is the au-
thor and fupporter of its being and ftructure.

Tho’ you are before-hand with me, SIR,
in all Tcan fay on the fubje, you will excufe
my juft glancing at the fum of his proof ;
which I wifh they who affe@t being his
detractors would deliberately weigh and exa-
mine, before they pretend to reje and pre-

Cz judice
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judice others againft it. He fhews, that the
defcriptions of natural things, and the words
and expreflions every where ufed by the
infpired writers when fpeaking of them, are,
when fairly examined, fuitable to and founded
upon the exact phyfical conftruétion of the
fyftem ¥, He demonftrates, that idolatry
took its rife from a mifapprehenfion of revealed
natural philofophy ; and confequently, that
the names of the Pagan Deities, mentioned in
the facred records, bear an exprefs analogy to
the mechanical powers and operations of the
fytem. He proves, that their idolatrous
typical fervice of thefe Deities, was 2ll a figura-
tive exhibition of thefe material operations, but
transferred by thefe idolaters and made powers
and attributes of their” falfe gods. He thews,
that the Jewith typical oeconomy of worfhip,
on the contrary (befides its figurative exhibition
of future events of infinite importance) was
exactly calculated to reclaim all thefe Heathen
mifapplications, and to inftru& and confefs
that thefe powers belonged only to JEHOVAH;
who had compofed the mechanifm of the world

* See Letter to a’' Bifbop, concerning fome important difco-
wveries in Philofophy and Theolsgy : printed in Quarto for
Henry WoopFaLt, without Temple-bar, 1735, and

in Twelves, 1747, )
Q
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fo asto exert them. With the {ame elegance -
and juftnefs he difcovers, that the miracles,
wrought from time to time, were of fuch a
nature, and fo {uitably interpofed, asto con-
vince the idolatrous Heathens, and the waver-
ing Jews (who were always apoftatizing into
their opinions) by controlling, reverfing, or
rendering miraculoufly deftru&ive the powers
of nature, under all the different views they
formed of the great operations which fupport-
ed nature, and which they claffed as different
Deities, or different attributes of their Deities.
For tho’ all the ancient nations worfhipped
the heavens, yet each nation pitched upon a
particular view of their univerfal government
of the world, and denominated their gods,
temples, cities &¢. accordingly: by which
means each nation in a manner affeGed to
appropriate their univerfal Deity to them-
felves, ftriving who fhould engage moit of
his favour as a tutelar god and faviour. - In
this they affeted to copy from the divine
oeconomy : for tho’ Gop was and is the com-
mon father and fupporter of mankind, yet,
for reafons worthy of divine wifdom, he
aflumed a particular care of, and exerted a

fyftem of {pecial providence for the Jewifh
nation
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nation and their progenitors. Upoﬁ the
whole, he chains Revelation and Nature to-
gether, in a way never comprehended before ;
and eftablithes a moft glorious analogy be-
tween the powers and operations of nature
and the fyftem of fpiritual revealed truth, fo
important for man to receive and under-
ftand *. But this laft belongs more efpecially
to his writings and character as a divine.

As a philofopher, his difcoveries (until they
are difproved at leaft) intitle him to the
charaGer of one of the greateft, and at the
{fame time, moft laborious genius’s the world
is acquainted with. They are likewife of
that excellent nature, that they lay the founda-
tion, and open the way for carrying on that
{fyltem of knowlege to greater perfection, than
he himfelf either forefaw, or could have
imagined. I can with the greater freedom
oive him his due honor, as I don’t hold his
judgement infallible in many inftances; and
can without biafs be fenfible of what I think
miftakes in him. But in the main, his writ-

i

* Sce Creation the ground-work of Revelation ; Revela-
tien the language of Nature, &c.

ngs,
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ings, by way of eminence, above any human
efforts I ever faw or heard of, deferve the
name of Novum organum [cientiarum.

You'll readily agree with me, Srr, in
thinking it worthy of a public remark, That
of all the attacks which have been lately made
upon him and his friends, not one of thefe
oppofers has ventured upon an examination
of his philofophy: but they have worked
upon the critical part of his writings ; where
there was moft room for cavil and evafion,
and which would tend moft to prejudice
thofe, who were ftrangers to him and his
writings, with the feeming uncertainty and
deceitfulnefs of his pretended difcoveries.

I cannot imagine, how thefe gentlemen
could be infenfible of the unfairnefs and dif-
ingenuity of this method. Suppofe the critical
evidence for this or that manner of tranflating
a2 Hebrew word had been equal on both fides;
yet his or his friends fenfe, correfponding
with the jufteft idea of natural truth, was
more than {ufficient to caft the balance in
their favor, with any perfon who did not
think Revelation was written by too low and

con-
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contemptible pens, to pay any regard to the
phyfical juftnefs of their flile.

You'll allow me alfo to remark, that in the
age when the ideas of natural religion ran
higheft, and the arguments in defence of it
were carried on, not with reafon, but audaci-
ous infolence and profanenefs, and fupported
by pretenfions to unparallel'd difcoveries in
natural philofophy, (while the contemptible
Scrzptures were fuppofed to be written, not for
the wife and the learned, but ad captum pro-
Jani wulgi) he has given the finifhing ftroke
to that caufe. In this light, I muft be allowed
to clafs along with him the inimitable
Dr Manpivir; who has illuftrated the
feripture- account of the ftate of human nature,
with as convincing demonftration, as the other
has the infpired difcoveries given us of na-
tural phil{}fﬂph}:.

It is the great excellency of this philofophy
(tho’ I'm afraid a very forbidding one with
many) that it is infeparably conneéted with
Revelation ; fo that none can embrace the
former, and reje& the latter. Divine wifdom),
to the confounding of our mighty, penetrat-

ing,
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ing, independent capacities, has fo compound.
ed the truths which admit of demonftration
with thefe which depend upon his own veraci-
ty and infallible teftimony, that no adverfary
can feparate them. They partake of one
another’s evidence in the fulleft manner;
they are woven into one another, o as to make
one web; and they as faithfully correfpond,
as the refleCted image does to the obje&.

One of the ridiculous and monftrous abufes,
which all preceding fyftems of philofophy led
into, has been the explaining Creation itfelf
by the ftanding laws which they imagined
ruled Nature invariably, in its prefent dif-
pofition. Tho” Sir Isaac himfelf has not
made this application of his Laws of matter
and motion, yet his followers have fallen
into the fame abufe. Our philofophy lays
an unfurmountable bar in the way of its
being extended to fuch imaginary and impious

ccmjeé’cures.

Every one, who has ajuft idea of the me-
chanical philofophy, muft readily determine,
That matter could no more arrange itfelf into
its prefent mechanical order, than it could

D give
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give being to itfelf ; for its powers are the.
confequence and not the caufe of its com-
pofition. ‘When conftructed and put in moti-
on with the full exercife of all its powers,
it could not produce one organical body either
vegetable or animal, nor generate the rudi-
ments of them. It could not, from a mingled
mafs of materials, have effected the {eparation
of fluid and more fixed parts, which we now
enjoy on cur globe ; without which, it could
not have reared organical bodies, and many
other productions, when prepared for the
induence of the machine. It cannot change
its own courfe, neither fall into diforder or
wafte : without divine interpofition, the frame
of Nature muft continue eternally ; and with-
out divine Revelation, we could never have
known, that it did not exift from eternity.
It is of obvious and neceffary ufe, in giving a
juft direction to philofophical refearches, to
know upon proper evidence, that there is 2
Creator ; and to know what parts of the
frame of Nature could not be originally the
product of its powers, but were the elegant
modifications of the Great Archite&, in which
the powers of Nature are to work out its va-
rious productions.

As.
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* As to the following E/fays, 1 fhall fay bus
little. Tho’ the plan be new, 1 hope it will
be univerfally approved, as it is certainly regu-
lar. The only way to attain the knowlege
of any piece of mechanifm and its powers, is
to be acquainted with ‘the diftinét materials
and members of which it is compofed, and
to underftand their proper bearings and adjuft-
ments ; without this, we fhall be amufed with
myfteries, where there are none. The Effays
have another property, which, I flatter my-
{elf, cannot fail to recommend them. They are
thort ; which 'is the beft recommendation
they can have, next to their being well execut«
ed. If they do not give fatisfaction in this
latter refpect, it is not for want of inclination
in the Author to fatisfy his Readers. But
if I have contributed to point out the way to
a more juft and general acquaintance with
natural truth, I fhall rejoice to be fupplanted
in the profecution by {ome abler hand.

Tho’ they are denominated The principles and
properties of matter and motion, yet 1 am
obliged to make feveral of thefe properties
negative ones, in order to ftrip the materials
of the machine of thofe falfe properties, which

D a da
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do not infeparably belong toit. An anatomift
would not readily make it one of the proper-
ties of the bones of the leg, that they move
the body ; tho’ they are for that ufe, when
articulated, mounted with ligaments, mufcles
and nerves. On the above-mention’d account,
I have been led to reafon a little under feveral
heads, and to ufe a little more illuftration
than is ufual in writing Aphorifms ; which
form T have endeavour’d to imitate, becaufe it
favoured brevity moit.

If this attempt, as far as it is brought, S1r,
meet with your approbation, and that of fome
other gentlemen whofe judgement and im-
partiality I confide in; I fhall hope it will be
better received by the Public, than I fhould
otherwife be vain enough to expe&. I am,
with refped, SIr,

Your obliged and moff humble Servant,

Newton, Dec, 27, 1753,
A. WILSON.
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PrinciPLEs and PROPERTIES

MATTER

%2 H E philofophers have been ve-
W% ry curious and minute as to their
inquiries into the mathematical
laws and proportions of the mo-
tions of the larger bodies in this
{fyftem; which commonly go un.
der the name of gravitation, at-
traction, projection, &Fr. But they feem to have
been very unfuccefsful or defective, as to their dif-
covering the natural or mechanical principles and
caufes of all motion in material {ubftances. As
local motion can belong only to material bodies,
Iam
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T am incliped to think it muft be produced by ma-
terial principles. The procedure of nature cannot
be creating of new fubftances, but is a courfe of
motions, revolutions, changes, alterations, and
variations in matter already in being : fo that this
univerfal frame feems to be nothing but a compli-
cated train of motions, abfolutely depending upon
the immutable conftituent properties of matter.
In a word, the principles of matter and motion
feem to be one and the fame. Therefore it is hoped
the following Effay to ftate the firft principles of
natural philofophy, will meet with a candid and o-
pen reception from the public in general, as it is
no way abitrufe ; and from the fearchers after phy-
fical truth in particular, as I hope they are agree-
able to the profound fimplicity of nature, and the
mechanical juftnefs of all her operations.

The univerfe appears to be one great machine,
fitted and difpofed to perform all the operations
which are carried on throughout the whole. No
one part of it fhould be confidered as a&ting, with-
out being acted upon ; and no individual can be
confidered as an agent, without being a patient.
It is unphilofophical to fay, matter in general, or
any part of it, has effential or feparate properties,
by which one part acls upon another : it is the
effential property of no one wheel in any machine
to move its fellow, tho’ in confequence of its

being
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being placed in the ftation it is fitted for, it aéts
upon its fellow, becaufe it is acted upon.

Jult fo it is with the whole fyftem of nature.
You cannot take up any parcel of matter and fay
of it, This has effential feparate properties, which
Impower it to be a natural agent. A philofopher
ought to confider it as a concrete, with a certain
difpofition of its parts, liable to be ated upon
by the fubtiler parts of the machine, which can-
not be reftrained from it by art. And it may as
juftly be alledged, that it is the effential property
of animal fubftances to live, or of vegetables to
fpring, as it can be faid, that it is the eflential
property of the loadftone to attra&. Nothing
therefore can be more conducive to the promoting
a true acquaintance with the operations of nature,
than to confider what are, and what are not, the
effential properties of the firft principles of matter.

I. Firft then, matter muft be compofed of
firft principles : and: thefe may be called units or
atoms' of matter. Nothing to me appears more
fceptical in philofophy, than to affume it for a
firft principle, that matter is infinitely divifible:
which is afferting in other Words, that matter
has no beginning of fubftance ; that there are no
limits between matter and nothing. ‘That there
cannot be fuch a thing as an unit of matter, is to

L maintain,
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maintain, that matter has an infinite property.
To fay that any parcel of matter is finite, and at
the fame time that its component parts are
Infinite, is indeed philofophy baffling itfelf, and
maintaining contradictions. Time is made up of
a perpetual fucceflion of years and days, and
is meafured by hours, and minutes, and mo-
ments : and it would be jult fuch a metaphyfi-
cal truth to tell us, one moment of time may by
dividing be lengthened out into a thoufand ages 3
as it is a phyfical truth to aver, that a grain of
fand, by the infinite divifibility of its matter,
may be rarified and enlarged unto the bulk of a
planet. Nothing can be more fhocking to rea-
fon, oreven to the ear, than Efernal T e 3 and
infinite divifibility, when examined, muft be found
Juft as abfurd. Concretes, in which form matter
1s made {ubje& to our fenfes, can no more be
without fuch firft principles, than numbers in
arithmetic can be compofed without units.

IL. Atoms muft originally fubfift in numbers,
which cannot be diminithed or increafed ; it is
equally impoffible for many to become one, as it
is for an unit to be muitiplied : {0 that the original
number of atoms is as invariable as their figures or
fizes. An atom may as foon be reprefled into no-
thing, as two can be made to coalefce into one
unchangeable fubftance. Number is the funda-

mental
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mental bafis of motion and changes in matter.
An atom cannot act upon itlelf, nor commu-
nicate ation, imprefled intimately to its fubftance
tho’ never fo large ; but a concrete can and does
imprefs its own inward parts, in a mechanical
proportion to the power which alts upon its
furface. Therefore it is in vain to fay, that all
atoms muft have parts, tho’ the component par-
ticles of all bodies are fmall enough, and rigid
cnough, to refift or elude all feparation by the
agency of matter. If any body, tho’ never fo
fmall, has numerical parts, their cohefion muft be
mechanical ; and nature can do nothing but what
it can undo again, under certain circumftances.
To this purpofe, Sir Isaac NEwron clofes a fine
inquiry into the nature, laws, and conftitution
of matter — ¢ All thefe things confidered, it
““ {eems probable to me, thar Godin the begin-
““ ning created matter in folid, maffive, Jhard,
¢ impenetrable, moveable part icles, incompara-
¢ bly harder, than any of the porous bodie
¢ compounded of them: nay fo hard as never to
“ wear or break in pieces; no human power
““ being able to divide what God made one at the
‘¢ creation. While thefe particles continue intire,
‘¢ they may compofe bodies of one and the fame
“ nature and texture in ail ages: but fhould
*“ they wear away, or break in picces, the nature
of things depending on them would be chang-
E 2 ed

-~
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“ ed: water and earth, compofed of old worn par-
“ ticles and fragments of particles, would not be
“ of the fame pature now, as water and earth
“ compofed of intire particles at the beginning.
¢ And therefore, that nature may be lafting, the
“ changes of corporeal things are to be placed
“ only in the wvarious feparations, and new
¢ affociations, and motions of thefe permanent
& particles, ?’ *

III. Such an atom or unit of matter muft have
dimenfion ; it conftitutes its own {pace wherever
it is, and occupies it. The idea of a folid and
extenfion are infeparable; but that of divifion
and a folid are irreconcileable. Solidity among
concretes is only comparative and imperfe ; but
It is as great a contradi@ion in terms to apply
divifion to a proper folid, as it is to apply it to
the fpace of a body abitractedly or mathematically
confidered, which is nothing. Tho’ two things
may be feparate one from another, yet one thing
and nothing are equally indivifible. Dimenfion
in bodies has proportion, and may be confidered
lefs or more ; and the extenfion of a larger body
may be a proportion for feveral finaller bodies :
but the idea of parts and divifions has no connex-
lon with extenfion; and as little with the matter

* Newton's Onties,
which



of MATTER. 3%

which occupies it, unlefsitis a concrete. Divifion
is an idea which properly belongs to number,
which is a confequence of the exiftence of matter,
and a different one from fpace. There is there-
fore no connexion between matter having dimenfi-
on, and its confifting of parts; or one body is
not many in refpect of another of the fame kind,
becaufe its fubftance is larger. To take an ex-
ample from units of concretes, of which nature s
compofed in a fecondary fenfe ; one egg may be
larger than another egg; but tho’ the one may
be thrice as large as the other, yet the bigger is
as much one as the lefler, and cannot be {fuppofed
to be three. There is a great difference between
thrice as much matter being contained in one
individual, more than there is contained in another
individual, and the larger one’s being  three in-
dividuals. Juft {o it is with refpect to the firft
order of units, or the atoms of which all concretes
muft be compofed. One atom may be feveral
times larger than another atom, yet it is as much
an unit as i‘.h_f: other, and cannot be divided ;
tho’ if any one pleafe, he may conceive of its
dimenfions, as having diftinét room for a concrete
of feveral fmaller atoms; but even that gives the
extenfion of the large atom no parts further,
than by fuppofing a body with parts to occupy
its place. Now becaufe the larger atom is feveral
times more extended than the atoms of a concrete

of
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of its fize, the one atom is not therefore many,
becaule the concrete is fo. Therefore every atom
or unit of matter has extenfion, which we may
fuppofe to have menfurable proportion ; but the
atom itfelf is incapable of divifion, becaufe

IV. An atom does not confift of parts. It is
not compofed by one body’s being applied to ano-
ther body, which either art or nature can {eparate,
or which can be feparated even in Imagination,
There can be no incroaching on its fubftance, but
by annihilation. Tho® we fhould fuppo’e two
bodies equal in fize, the one a concrete, the other
an atom ; becaufe the concrete may be difiolved
into a thoufand inconceivably {maller parts, yet
that can give us no idea of the atom’s confifting
of as many parts ftritly applied to oné another.
Itis an atom, has no cohefion of parts, becaufe it
has no parts ; however confpicuous its dimenfions
may be, yet it is one and unalterably the fame,
What gave being to it in that fize and form can
only alter it. But nature, or matter acting upon
matter, combining, diﬂ?::-]ving, and changing the
torms of things, cannot change an atom.

V. An unit of matter cannot be pervaded. Its
fubftance is without parts, and fo without pores or
interfiices. It can be pervaded by no fluid, tho’
never fo fubtil. Itoccupies its own {pace or dimen-

fions,
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fions, and nothing elfe can he faid to be or exift
where it is. Pores or interftices belong only to
concretes, or atoms forming a mafs by adhering
to one another in any number. Such concretes as
thefe muft have interftices between their atoms,
and may be allowed to have thefe interftices filled
with a fubtil fluid ; or if there is any neceffity for
ftill retaining the paradox, may have fpace occupy-
ing them, as well as they occupying fpace. But
this cannot be the cafe of an unit: fo far from it,
that fpace or dimenfion is an effential property of

matter ; and it is impoflible to have any conception
of the two {eparately.

VL. Every unit, in confequence of its former con-
ftituent properties, enjoys perfect folidity. Atoms
of one fhape and fize cannot be heavier than one ano-
ther. Weight, fubfiding, afcending, and parcels of
matter taking different ftations of one another, or
weighing differently, are the effeéts of matter acting
uponmatter, and are performed according to thelaws
of different folidity, & ¢, Which fubfift not among
atoms, further than as to their different fhapes and
fizes, by which another material agent may be
applied ro them in different proportions.  But mat-
ter {ubfiiling in atoms, and acted upon by the agent
which produces gravitation, would precipitate or
fubfide equally, becaufe in units there can be no
difference of folidity. Atoms of the fame figure

and
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and fize, or of different fhapes and fizes, muft be
to one another, as gold is to gold, and not as gold
is to filver, or any other metals, which differ from
one another in their fpecific gravities.

VIL Such atoms muft be abfolutely opaque.
Pellucidity is oppofite to perfect folidity, and fup-
pofes interftices, and thefe in a certain diretion.
The tranfmiffion of light in dire&t lines through
the pores of concretes, is fuch a fingular confor-
mation of its folid parts, and interftices, as deferves
a feparate Treatife : but atoms have no pores, fo
nothing can penetrate their furface. And when
reflexion of light is fufficiently underftood, it ma
be confidered, whether atoms {ubfifting as fuch
(that is, not adhering in forms) could in any quan-
tity become vifible.

VIIL. Atoms are abfolutely inert, and can nej-’
ther conciliate motion to themfelves, nor continue
in motion longer than they are impelled. They
are abfolutely paflive, and cannot be {fuppofed to
move one hair’s breadth after the impelling force
is reftrained. To give matter an eternal power of
changing its place, in confequence of its being

once difquieted, to me appears moft unphilofo-
phical. '

IX. Units
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IX. Units are at the fame time capable of per-
fect mobility. For as they cannot move themfelves,
or alter their place; {o they have in themfelves not
the leaft refiftance to motion, or to be continual-
ly altering their ftation while they are impelled.
Therefore in our fyftem, the matter which fub-
fifts without any cohefion of its atoms muft be by
far the moft aétive.

X. Atoms can have no elafticity. They have
no parts to recoil, and to reverberate upon theiy
being impelled. That property of matter implies
parts, interftices; thefe interftices replenithed with
fome active fluid, and a refiftance to motion : none
of which atoms have.

XI. Atoms can have no attracting or impelling
powers, &c.  To fuppofe them to have fuch, is
to deftroy another property, which by the philofo-
phers is afcribed to matter; namely, the wvis iner-
tiz. Forif the firft principles of matter attraét one
another, thatis endowing them with a vis metés, or
a power of moving towards one another. If fuch
a thing there be as attraction, it muft be either a
material property, or a fpiritual one. If itisa
material one, an atom cannot be poffefled of it.
It cannot move itfelf. It confifts of no parts,
therefore cannot detach fubtiler parts to draw its

fellows into contact. If it is a fpiritual operation,
F then
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then it is no property of matter at all. And if
the frft principles of motion in matter be univer-
fally fpiritual, then there is no need for mechani-
cal agency in matter, or of fecond caufes. If we
fay, there is ufe for mechanical agency in nature;
then it is very abfurd in philofophers to fix unme-
chanical principles, until they are certain and can
demonttrate, that they have traced the utmoft
length that nature in a mechanical way can go. If
attraction be a principle or radical property of mat-
ter; how is it, that it can be weakened, fufpend-
ed for a time, yea and quite deftroyed ? If it be a
power determining matter to matter, and as real a
property of matter as folidity, €. how is it, that
this property can be over-powered and deftroyed by
matter’s acting mechanically upon matter 3 which
muft always be in a confiftency with and fubfer-
vience to its original properties? Yet in fadt we
fee the force of fire can fufpend the ftrongeft attrac-
tions, as in the fufion of gold; when that metal,
which has fuch ftrong attradtion of its parts, ap-
pears in the form of that metal, which has the Jeaft
and weakeft of any, namely, quick-filver.

XII. Neither can the firft atoms of matter pof-
fefs a power of gravitation. That principle is yet
more oppofite than the former to a /s suersie ; and
- the laws of gravitation and ateraction feem even di-

reCtly oppofite to one another. In attraction, that
power
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power is weak enough not to exert itfelf, but when
the atoms of matter are in immediate contac with
one another, or are at leaft verging upon it; yet
when they thus approach one another, they ac-
quire an obftinate cohefion. On the contrary,
- matter attrats matter in gravitation at infinite di-
ftances ; and that paffion increafes their velocities,
the nearer they approach one another: yet when
they come into contad, notwithftanding the rapi-
dity with which they rufh towards one another,
they acquire no adhefion at all. One who would
confider thefe two difpofitions of matter (if fuch
there be) in a natural way, would think, that the
one would naturally pafs into the other, and that
they both proceed from the fame inclination ; fo
that gravitation would naturally end in that ad-
hefion, which is the effet of attradtion. But it is
not fo. From all we can underftand of the units
of which matter is compofed, a mafs of them, ly-
ing together, unacted upon by a mechanical ma-
terial agency, would neither attraclt, gravitate,
nor take place of one another ; as in our {yftem bo-
dies of different gravities do.

XIII. Units may differ from one another in
their fize. This property it is, which lays the
foundation for all the variety of forms and di-
verfity of {ubftances, with their fingular properties
when thus combined, which are fo ufeful in the

¥a univerfe,
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univerfe. This property, I fay, is the fource of
all that variety, when joined with

XIV. The diverfity of figures in original a-
toms. Thele two modify the other general pro-
perties of matter, fo as units, combined accord-
ing to their different fizes and figures, prefent
us with that profufe and beneficial variety of
fubftances, which we fee in the creation. With-
out thefe, it will be difficult to account for them,
Thefe leave fmall hopes of the tranfmutation of
metals, &Fe. efpecially the more pure and fimple
ones.  For if the units of gold, filver, or quick-
filver be effentially different in their fizes or
figures, or in both of them; no art or mechani-

cal agency can change the units of matter, be-
caule all the properties of atoms are

XV. Unchangeable. To alter an effential
property of any atom is to annihilate it, and fo
to difannul its properties altogether. This is a
firm bafis for mechanical agency. For if the fub-
ftance of the firft principles of matter were not
permanent 1n its properties, but mutable upon
external impreflions ; nature would go on un-
certainly in her operations, and could not be
uniform in her effets. Therefore we have no
realon given us to apprehend, that matter has any
primordial principles, which will yield to external

agencies.
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agencies. An atom and all its properties are
coeval, and muft be of equal duration ; becaufe
an atom and its properties are the fame. We can
have no apprehenfion of matter, but that it is
fubftance; and if we would define fubftance, we
have no characteriftic of it, but its properties.
Therefore to give matter properties which can
be diffolved by any agency, befides that by which
it exifls, is to leave us no certain principles as to
matter at all. And hence we muft neceffarily
conclude likewife, that

XVI. All the properties of matter are ma-
terial, and not fpiritual. If the contradiéting the
former difannuls all certainty, as to matter itfelf ;
the denying of this would leave us in equal un-
certainty as to its operations. To endue matter
with properties which do not neceflarily depend
upon its being fubftance, is to poffefs it of a foul
and fpirit: and to fubjeét foul, or thefe fpirituaj
properties, to the laws of material mechanifm,
is abfurd. Nature proceeds mechanically, fo far
as we can trace it : and tho’ our fenfes are limited
as to the minutiz of that mechanifm ; yet we are
certain that matter does exift in fuch forms in
the univerfe, as will aflure us the mechanifm may
go on further than we can defcribe. Matter is a
mechanical, and fo a neceflary agent; this we
ought to call nature, But a fpirit is a voluntary,

and
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and fo a free agent ; and thefe ought not to be
confounded. The philofophy of occult qualities
in matter, and of properties we have names for,
but can form no ideas of, from the knowlege we
have of fubftance, is certainly refined upon, by
introducing the immediate agency of a firft caufe
in all thefe cafes. This has lately been advanced
by a great prelate and an ingenious philofopher :
and to befure it cannot be contradicted by any
who maintain thefe uninveftigable qualities of
matter. But I cannot think it is doing any ho-
nour to the Deity, to make him a neceffary agent
in the courfe of nature, by impofing thefe laws
upon him, before we are certain whether material
mechanifm reaches unto them or not. Voluntary
and neceflary, are the diftinguithing charaters
of the agency of {pirit and matter ; and to con-
found their operations, is exalting the one, and
debafing the other unduly.

XVIL All the properties of matter are natural,
every one of them fit to act and to be acted upon
1n a mechanical way. They are fuch as can all of
them be adapted to the known principles of me-
chanifm among artifts. Latent qualities are de-
ftructive of that fort' of agency. Tho’ matter js
not infinitely divifible, yet it is certain, its primor-
dial atoms are indefinitely {mall; fo as the grofieft
of them are far beyond the reach of our fenfes, even

with
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with all the affiftance which art can furnifh them,
At the fame time, our organs are fo finely ma-
chined, as to be fubject to the impreffions of the
fmalleft : from which feveral ufeful corollaries
might be deduced. But becaufe the units of mat-
ter are fo fubtil as to elude our fenfes 5 it does not
therefore follow, that we can have no certain know-
lege of them, or of their properties. From the
knowlege of concretes we may certainly difcover,
what are the general unvariable properties of their
conftituent atoms. Every concrete enjoys two
diftinct kinds of properties : the firft are fuch ag
are infeparable from it as matter, and thefe proper-
ties belong to every atom of which a concrete s
compofed ; the fecond are fuch as are naturally
produced from matter, being varioufly combined
in concretes. . Thele are the natural, mechanical,
or confequential effects of the original properties of
atoms adhering in various forms. Thefe cannot
be however the criginal properties of matter, thos
the original properties, being all mechanical, na-
turally produce them. Therefore we fhould ob-
ferve the ftricteft caution, left we afcribe the diffe-
rent properties, which matter acquires by being
compofed in different forms, unto the firft atoms
themfelves : for one may as juftly conclude, that

the units of which vory are compofed are white,
as that they are elaftic,

Thefe
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Thefe being the fundamental principles of mat-
ter; if we would underftand the nature of jts ope-
rations, we muflt proceed ftep by ftep, examining
the different conditions in which it fubfifts in the
world : what are the diftinguifhing charaéters of it
in its différent forms; how motion is produced
and fupported ; what are the different circumf{tan-
ces requifite to produce, maintain, and dire@ the
motions of bodies; what is done upon their fur-
faces ; what is a doing within them, or what it is
they are faid to do, confidered as unorganized ;
what matter performs, and by what agents, in or-
ganized bodies ; and how far its powers extend in -
fenfitive ones, But what I have faid above is fuff-
cient for my prefent purpofe ; if it eftablifhes the
neceffary inftruments for fupporting and main-
taining that inimitable feries of variety, which na-
ture difplays in her operations; which is amazing
to all, and which it is the wifdom of the true phi-
lofopher to underftand.  All our inquiries are into
the agencies of nature ; but we can never compre-
hend them, unlefs we are acquainted with the prin-
ciples which alone can produce them.

NUMBER.
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PrincIPLES and PROPERTIES

O F
MATERIAL MOTION.

2| HE whole frame of nature is a com-"
pound of material fubftances and
their motions. Matter without mo-
tion would be a lifelefs barren mafs;
and local motion without matter
cannot be. Motion is the great and
univerfal foul or principle of life in matter, the
parent of all the forms or modes of being, into
which matter is diverfified, and in which it aéts.
What I call modes of being are the different ap-
pearances and properties, which are not originally
inherent in matter, abftraétly confidered, without
Gz any
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any orderly motion produced upon it. The fubftance
of an animal and a vegetable have the fame abfolute
material propertics, defined N. I which are infe-
parable from both, and common to both : but the
characteriftics, which diftinguith the one from the
other, are their conditional properties, or the va-
rious produéts ofdiﬁerently modified motions, col-
leCting, arranging, and fupporting their fubﬂ-ances.
in dl[ﬁ:rent modes of being.

That there is an univerfal principle of motion
throughout the fyftem, is felf-evident. Thart it
muft have a continuing caufe, is a neceffary con-
fequence drawn from its exiftence. Whether this
caufe be fpiritual or material, needs be no que-
ftion; when we know, that matter moving can be
the caufe of motion in matter at reft ; and our com-
prehenfion has no intimation given it of any other
natural caufe, able to produce or preferve fuch mo-
tion. 1 fhall therefore endeavour to ftate; what
mult be fome of the neceflary univerfal properties
and effects of motion, mechanically fupported.

I. Local motion is effential to material acion.
As we can apply the idea of fpace or place to mat-
ter only ; fo change of place can be afcribed to no-
thing but matter. The action of intellectual powers
feems to be quite of a different nature : for tho’ in

fome fenfe the human body may be called the de-
| termined
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termined fphere of the mind’s alivity; yet itg
ations require no change of place. On the con-
trary, it {eems to have an unlimited power of con-
ftituting within itfelf a comprehenfion or concep-
tion of all the properties belonging to matter, or
its actions. So that the mind, without being able
direttly to exert its influence upon matter, or to
act as matter does, has as free and commanding an
ufe of its properties, as the hand has of a ball.
Here is an equal and wife partition,.between the
body and the mind, of the ufe of matter and its
properties : the one is conflantly either acting up-
on, or immediately affected by them; the other is
conftantly deriving the intimations of thefe acci-
dents, and has the command of their images, but
no action, that interferes with or can affet t"n: ma=
terial objects which yield them.

II. Tho’ the abfolute properties of matter be ef-
fential to the being of matter; yet all the know-
lege we can have of thefe properties is relative,
and depends intirely upon the ations of matters
In other words, our fenfes, which convey all the
images we can have of matter, are fupported and
impreffed by material action. Our knowlege of
matter depends intirely upon the reflettion its ac-
tions make upon our fenfes ; and as by looking in-
to a glafs, we know no more of an object than the
glafs reprefents; fo we can know no more about

' matter,
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matter, than its ations inform us of. The Creaz
tor has fet a bar upon our attaining any more know-
Jege of nature, than is conveyed in that way. In-
finite wifdom has conveyed fufficient knowlege to
us, without the leaft glimmering light of the man-
ner, in which creating power knows, paffing along
with it. The Creator intuitively and potentially
knows what conftitutes the effence of matter. We
can only be informed, by its actions upon our fen-
fes, what are its material properties. So that it is
one of the fundamental properties of motion, to re-
veal the exiftence of matter in all its modifications,
to fenfible and intelligent creatures.

III. As impulfeis the only material caufe of mo-
tion, which we know or can comprehend ; we muft
determine it to be the caufe of all motion, and con-
tinuance of motion in the material world. That is
one certain and univerfally known caufe, and nei-
ther the properties of matter, nor obfervation, af-
ford us the knowlege of another. What divine.
power can do, or has done, is out of the queftion;
I {peak only of the power he has conftituted to act
in the frame of nature. It is one of the infinite
differences between the human and divine mind,
that the latter has the abfolute power of what we
find wifely denied the human mind, according to

§. I.
IV. All
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IV. All motion is relative. We determined
number to be one of the eflential properties of the
material world. Now motion can only be ab-
folute, where an unit only exifts. In which cafe,
its fuppofed motion can admit of no menfuration ;
not even that of its own dimenfions : for multi-
plying its dimenfions to know the length of its
motion, cannot be done, without being firft
poflefled of the idea of plurality, which is acqui-
red by matter’s exifting in number. As abfolute
motion could not be mechanical, and could never
have given the ideas of menfuration, diftance, &,
fo ufeful to creatures ; fo it would alfo have been
abortive and inefficacious, which no motion or
power of motion is. Suppofe this whole fyftem
fhould be continually traverfing infinite fpace;
that is no motion to us: we feel no change,
every thing continues juft as it was, and no effect
is produced by it. But with us the ideas of
motion and change are infeparable. Motion can
be of no effect unlefs it be relative. Of what ufe
relative to the fyftem, to which they once belong-
ed, muft the firft rays of light be; which, accord-
ing to the philofophers, have for five or fix thou-
fand years been travelling with vaft rapidity into
infinite fpace ? Motion being the univerfal princi-
ple of life in nature, would, without any further
evidence, incline any unbiafied perfun to pre-
fume, that no motion exifted without producing

' fome
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fome relative effe@s, fubfervient to the fupg:}rf
of the frame of creation in general,

V. Tho’ all motion be relative, it could not
be fo unlefs it were real. But as we have no
names, except {uch as are relative or comparative,
to defcribe it by ; all we can fay of it is, That
matter in motion is continually fhifting its ftation,
and occupying new room.

VI. As matter is not divifible 7» infinitum, 1o
neither can motion be fo. There is a point or
sinimum in motion, as well as an atom of matter,
The fame way of arguing, which proves that 3
fnail might out-run ACHILLES, Or that_i:wc: curves
may be eternally approaching each other without a
poffibility of their ever coming into contac, will
prove that two cannon balls at 50 paces diftant
from each other, and moving with the greateft
velocity directly towards one another, will never
meet. ‘T'he minimums of motion are as remote
from our fenfes, as the atoms of matter are. But as
maflive matter is the obje& of our fenfes, and
convinces us of the exiftence of its infenfible
component parts; fo the portions of motion,
which are fubject to our obfervation, convince us
of the infenfible divifions which conftitute it: and
thefe infenfible elements, 1 may call them, of mo-
tion are determined by the following propofition.

VI1I. Mo-
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VII. Motion has no fenfible intermiffions yet
it muft be performed by real intermiffions, that
is, fucceffive impulfes and {tops. - This is the
neceffary confequence of a fucceffion of impulfes
being the caufe of continued motion. Motion
to the eye is like the edge of a polithed inftru-
ment, fmooth to the naked {fenfe, but when more
ftrictly examined, ragged and ferrated. This is
more evidently demonftrable in found, which, tho’
it is perceived without any fenfible remiffion, is
excited by diftin¢t vibrations and percuflions. In
like manner, any body turned quickly round an
axis, tho’ extended from its centre by a pretty
long radius, reprefents to appearance an uniform
circumference, exifting in every point at the fame
time.

This may poffibly appear a very indireét way
of deducing the mechanifm of matter; but it cer-
tainly leads to a conclufion, which eftablithes a
primary fact in the organization of the fyftem.
For if motion is continued by impulfe, there
muft be a conftant fucceffion of impulfes: thefe
impulfes cannot terminate in a mechanical origin,
unlefs frefh matter be conftantly brought into
the direction of thefe impuifes. Thercfore every
new mals of matter, defleCted from a former
into that new dire@ion, muft in that defleCtion
or change of direfion undergo a change ; which,

H tho’
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tho’ infenfible, we can cal] by no other name than
an intermiffion. So that motion by continued
impulfe neceffarily infers a circulation of matter.

VIIL  Time and length are two ideas infepara-
ble from all motion. Geometricians have becn at
great pains to afcertain the proportions theiz bear
to one another, in fome particular kinds of regular
motion.  But thefe Ratios are not effential o atl
fenfible motion, tho’ they are eftablifbied ae to iome,
This yields us a diltin€tion, which may bt 6t {fome
ufe; namely, the difference between ﬂ;i;-_fizicp.:al
relation and an eftzblithed one. Timp}-;_;‘_ﬁ{._'i length
are eflentially related to motion ; -buit their Ratigs
to one another is only eftablithed. The earth-might
have rolled round its own axis 1n twelve hours,
and round the funin half 3 year; but the double
of thefe times is the eftablifhed courfp, The fuc-
ceffive durations of moving matter, in the fuccefve
fpaces the moving body occupies during its motion,
1s properly what is meant by the time and the
length of a body’s motion. Thefe are always ul-
timately related to the primary fountain of motion
by impulfe, and their minimums are the fame as
thofe in the two preceding fections. Time is pro-
perly a fucceffion of durations, and thefe durations
are ultimately the fame with the minimums of mo-
tion. Infinite wifdom and power, which contrived
how to compact the infenfibly-fmall atoms of mat-

ter



of MaTeriar MO TION., 59

ter into folid fenfible bodies, has fhewn the fame
{kill in dividing duration, (tho’ an indivifible-like
idea) by motion into infenfible points.

Tho’ time, in this light, be an obvious and ne-
ceflary property of motion, and the ideas of the
two are infeparable in their natures ; yet this ab-
ftracted view could have been of no ufe to us, if
infinite wifdom, which knows how to convert the
moft obfcure principles into the moit fenf{ible bene-
fit, had not exhibited in nature an eftablifhed fen-
fible menfuration of time, fitted for all human
ufes and applications. The public, in my opini-
on, is much obliged to the ingemious and learned
Mr. Kennepy for the éclairciffement he has en-
deavoured to bring that matter to.

IX. Al motion muft neceffarily be in fome di-
reCtion. Direction can be only of two kinds, ei-
ther in a ftraight line, or in a curve. Of the latter
there is a great variety between a circle and an
byperbola : but the profoundeft {kill in geometry
can never demenftrate, that two fimple powers,
fuch as projection and gravitation, can make any
body move in any of thefe curves, {ave that of a
circle. Philofophers fay, the power of gravity
upon the furface of this earth caufes a body to de-
{fcend towards it, at the rate of about 16 feet in a
fecond of time. The power of gravity is about 23

2 times
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times ftronger upon the furface of the fun; therefore .
the particles of light about the furface of the fun,
lefc to the fun’s attraétive power, would precipitate
towards it at the rate of 368 feet in a fecond. The
powerthen, with which they are projected into fpace,
muft be that of 368 fect in a fecond, added to the
velocity with which they move outward. A pow-
er of projection, applied outward from the fun’s
centre of gravity, juft equal to 368 feet in a minute,
would keep the particles of light fufpended, fo as
they could neither recede from, nor approach to,
the fun. That degree of power, applied in the di-
rectionof a tangent, would make them move round
in a perfect circle; but that power, applied in any
other proportion, either below or above 368 feet in
a fecond, and inany conceivable direction, could
never bring the form of the curve they would de-
feribe into any one of the fetions of a cone; but it
muft defcribe a curve, either gradually bending
more and more to rthe centre of gravity, or gradu-
ally extending and <pproaching more and more to-
wards the direction of a ftraight line, Sir Isaac
Newron himfelf has hewn, that if the centripetal
power alts after a certain manner with the Increafe
of diftance, a body may defcribe fuch a curve line,
that all the lines, drawn from the centre to the body,
fhall be equally inclined to thar curve line the body
10ves in round its centre of gravity, Whatever
force of projection is applied, above what is fuffi-
cient
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cient to caufe a body to move in a perfe&t circle
round its centre of gravity, muft caufe it to move
in a fpiral curve, regularly extending in propor-
tion to the overplus of force, which would keep it
always at an equal diftance from its centre, and the
gradual decreafe of the centripetal power: no con-
ceivable force and direction of projection can ever
bring the orbit of a planet into an elliptical figure. T
cannot apprehend any reafoning more fallacious, than
to argue from the properties of a figure to the razios
of powers; and to conclude, that, becaufe at that
point of an elliptical arch, where a line drawn from
the centre falls at a right angle upon the curve,
the arch there begins to bend more toward the
centre — therefore at certain points, the powers of
gravitation and projection exchange an increafe and
decreafe of their activity.

~ X. No mechanical motion can fubfift without a
plenum, wherever fuch material motion fubfifts.
This propofition is fo neceflary a confequence of
motion’s being carried on by impulfe, that it needs
no other demonftration.

X1. It follows alfo of confequence, that the fy-
ftem of material motion muft be limited by boun-
daries. Without thefe, mogpn by impulle muft
ceafe, for it requires a plenum.

; , XIL. Every
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XII. Every body in motion muft have the vir-
tue both of a caufe and of an effe@t. No body can
move in a plenum without putting others in motion,
and more than it can move without being impelled
itfelf: but if there were no fixed limits to return
and circulate the a&ivity of the impulfes of matter
upon matter, mobile bodies at the extremities could
not obey the impulfes given them, by repeating
them upon other bodies. It is not my bufi-
nefs here, to obviate the things that may be faid to
make the fuppofition of fuch boundaries abfurd
and monftrous. I mention it here as a neceflary
condition of matter moving by impulfe 5 if any
perfon will fhew that ic is not, [ give it up.

XIII. There muft be a centre of all mechanical
motion, which muft communicate impulfe and di-
rection to all other motions, The centre of motion
muft be the fame with the centre of the boundaries
which confine and reflet motion. Such a com-
mon fountain is as necefiary to mechanical motion,
as a plenum or boundaries are,

XIV. The matter, which is originally concern-
ed in carrying on all motion, and which a&s to and
from the common centre, muft ac in different.
conditional properties, but muft confift of the fame
kind of elementary principles. I purpofe it fhall
be the fubjed of another Nuimber, to examine, what

are
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are thefe conditions of matter, which qualify it
for ating neceffarily or mechanically, as it does
in this {yftem. Therefore I take no further notice
of it here, than as itis a neceffary requifite in me-
chanical motion. We have found above, that
there mult be a circulation or change of dire&ions
in fuch motion. Now matter, in the fame condi-
tion, cannot act regularly in oppofite diretions, be-
caufe it would have an equal tendency to both :
but in different conditions it can have ; and we fhall
1n its proper place thew, it muft have a »ifus to op-
pofite directions.  Again, it could not change its
direction, unlefs it change its properties, and be
tranfmutable into the different conditions, which
the oppofite directions require. Therefore, that
congeries of matter, which is the original fountain
of motion, muft have the fame elementary proper-
ties, that is, muft be homogeneous.

XV. Matter, from which all motion is origi-
nally derived, muft be in a fluid ftate. I mean
by a fluid {tate here, that fuch matter has no cohe-
fion between the particles which conftitute its dif-
ferent conditional properties. This is fo obvioufly
neceffary, that it needs no demonftration.

XVI. Motion ought to be divided into fenfible
or apparent motion, and infenfible or occult mo-
tion.
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tion. The running of water, the defcent of any
weighty body called gravitation, the courfe of pro-
Jectiles and other moving bodies, and the volum-
-tary motions of animals, ¢, are apparent motions.
The propagation of light, the preflure of the air,
the action of the magnet, the power of electricity,
are infenfible motions, fave by their effects.

XVIL. -All fenfible motion muft have infenfible
motion for its ultimate caufe. When the magnet,
or an elecirical power, exerts its virtue on ano-
ther body, we conclude there is a moving power,
diftingt from the body affected by it.  When a per-
{fon moves 2 member. we conclude it is produced
by fome infenfible maotion, communicated to that
member, tho’ we ourfelves are not confcious of it.

XVIIL The three univerfal and infeparable ef.
fects of motion upon all terreftrial bodies, are che-
fion, weight, and power,

XIX. Every body is not always in fenfible mo.
tion, yet every body has at all times as much
force acting upoen it, as is equal to the moft violent
motion, it can be put into, without having its
cohefion diffolved. Any body, whirled round jts
own axis, with a degree of velocity ftronger than
the power of its cohefion, flies afunder: a folding
knife, moved round its axis, with a velocity fu-

perior
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perior to the force of the back-fpring, will fly o-
pen; a drop of water, whenever it acquires a ve-
locity in falling, greater than the degree of the co-
hefion of its particles, breaks into peices; and a
cannon ball, moved with fufficient quicknefs,
would do the fame. Hence we infer, that

XX. All motion in comparatively paffive bo-
dies (fuch I call terreftrial {fubftances) tends toward
the difunion of their cohefion ; and the force, which
continues their motion, is a conitant #ifus to preferve
their adhefion. The latter part of this propofition
is no contradiction to the former ; and the whole is a
neceffary confequence of the preceding. A body
moved out of its place would lofe its cohefion, if ic
were not inftantaneoufly purfued by the power which
fupports its cohefion ; and that power, acting upon
it in the courfe of its motion, conftantly pufhes it
forward, ’til its force is overcome by a contrary
force alting in the form of refiftance. Hence we
conclude, that the power, which produces the mo-
tion, is the fame with that which maintains the co-

hefion of bodies.

XXI. The weight of a body and its power are
the fame. A body moving upward or horizontally
has no weight ; but in its motion it alts with a
power or force exactly the fame as its weight, ad-

ded to the quantity of its motion ; and both thefe
I are
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are exactly proportioned to the force of its cohefion.
A pound of lead in motion ats with a power as
much fuperior to a pound of {fpunge, in the fame
degree of motion, as the fize of the former is fmaller
than the fize of the latter : for it is the fame quan-
tity of force or power, reduced to a fmaller compafs,
which produces neceffarily a greater effect in the
placeof itsation. Thisisacertain proof, that cohefi-
o, power, and motion are the fame ; feeing they can
be evidently analyzed into one another. It may be
obferved as a proof of the fame, that two copti-
guous bodies have no power of action againft one
another, their force upon one another depends in-
tirely upon the power of cohefion, aéing in the form
of fenfible motion. We may further obferve, that
if there were not a conftant effort of motion, acting
upon every body, we could not put any body in
motion. This if attended to needs little demon.
ftration. |

XXII. All bodies, comparatively paffive, mecha-
nically move towards that part, where the greateft
effort of ation is, if they are within that fphere of
attion : which obvioufly accounts for the power
afling upon fuch bodies uniformly manifefting it-
felt in the form of weight, called gravity. ‘That
fphere of action round any body, which gives it
fixation, may properly be called its atmofphere.
The extent of that fphere of action muft be in pro-

portion
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portion to the quantity of matter in the body com-
prefled, and the degrees of compatnefs its com-
ponent parts can be reduced to by the active power,
That ative power mechanically muft reduce alj
large bodies, fuch as this earth (which may be call-
ed the primary objects of its ation) into an orbi-
cular form ; becaufe fixation cannot be accom-
plifhed unlefs the action be equal, or nearly fo, on
all fides of the body. Now as both the extent of
a body’s atmofphere, and the quantity of the power
of that atmofphere, are in proportion to the body
acted upon ; every detached part of that body placed
any where within its atmofphere, muft be prefied
toward the place, where the ation of the atmo-
fphere is primarily direCted, with a velocity propor-
tioned to the power of the atmofphere in that pri-
mary direction,

XXIIL. In all motion of detached bodies with-
inthe fphere of an atmofphere, there is a three-
fold refiftance conftantly exerted, two of which
are eflential to all motion. The firft, which is
proper to {fmaller bodies moving within the atmo-
{phere of larger ones, is the conftant preflure upon
them, towards that place where the greateft effort
of motion is. Secondly the refiftance they meet
with from the fluid they move in. Thirdly,
the reaction, which is conftantly and mechani-

18 cally
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cally produced by the power, which forces all
motion contrary to the two former refiftances.
For the quantity of force applied in all motion
is double the quantity of motion produced by it.
This is demonftrated by one moving elaftic body
ftriking directly againtt another of the fame kind :
where we fee the force, which moves the fecond
with nearly the velocity of the firft, exerts its
refiftance in the fame proportion by ftopping the
motion of the firft. So likewife two fuch elaftic
bodies, moving in a ftraight line with any given
equal force againft one another, upon percuffion
would be toffed back again with the fame velocity
in the oppofite direGtions. In a Plenum, the fluid
parts, which fupport the fixation (according to
§. XX.) and continuc the motion of bodies, muft
rufh in on ail fides behind the body, and aét in the
form of a wedge. Hence

XXIV. As refitance is no principle of matter,
it mult be a principle infeparable from motion,
And as nothing can produce refiftance, fave mo-
tions in contrary diretions ; fo all moticn in the
more pafiive parts of matter, muft be excited and
continued, by two contrary moticns in the more
fubtil and mobile parts of matter, which are always
the primary caufe of motion.

XXY. Thefe
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XXV. Thefe two primary and univer{al motions,
which fubfift by each other, cannot be weakened
nor increafed : fo that, tho’ to our view more bo-
dies may be in motion, and with greater velocity,
at one time than at another, yet the univerfal quan-
tity of motion muft always be the fame.

XXVI The effets of primary motion upon
the more paffive parts of matter are uniform,
unvariable, and unchangeable: fo that thefe ef-
fe@s mult overcome the greateft poffible motion,
art or accident can put bodies into. We can
caufe bodies to refift and move in a dire&ion con-
trary to their weight, and nothing appears weaker
than the refiftance of the atmofphere to progreffi-
on; yet any one of thefe is able in time to over-
come the ftrongeft impulfes, which can be given
bodies ; yea it is able to break them in pieces, as
we fee by §. XIX.

Upon the whole, the ftrongeft prefumptions
from analogy are in favour of the univerfal mate-
rial mechanifm of the operations of nature {uch
as the obvious properties of matter itfelf, N. I
the power of impulfe, its being the only fenfible
caufe of motion, and the only intelligible one, if
there fubfifts any other caufe; the univerfal ef-
ficacioufnefs of motion, which would be loft in
moft moving bodies, if they were not every where

under
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under the reciprocal conditions of caule and efle@ 3
and the imaginary, occult, and uncertain narure
of any other fuppofed caufe ; for no Ayporbefis of
occult caufes of motion has ever been framed,
which isnot clogged with contraditions fo obvious,
asto be unworthy of the name of 2 philofophical
principle.

Again, it appears by §. X. XI. XIL XIiI. XIV.
XV. That the very fuppofition of mechanical mot;-
on infers fuch conditions of matter, as can and fhall,
I hope, be proved to fubfift by indifputable argy-
ments, even fuch as can be examined : for all other
fuppofed principles of motion are the fubject of
conjecture, which is incapable of proof; and no
reafoning upon them can it its nature amount to
more than a certain degree of probability ; while
every different Aypothefis points out the uncertainty

of others. This{fpreads a veil of doubt and incredibj.
lity over all the do@rines of the Imagination, which
are not fupported by fuch fufficient evidence as our
uncerftandings are capable of, and of confequence
demand. But if the above conditions of matter
be the neceffary confequence of motion by conti-
nued impulfe ; then the proof of their exiftence ig
alfo the proof of that principle, which neceffarily
infers them.

The



of MaTteriaAL MOTION. 4

* The laft evidence here afferted in favor of mecha-
nifm is, that all the phenomena in nature may
be explained by it; and the three univerfal fenfible
properties of matter be refolved into the power of
motion, acting upon and by material fubftances.
‘When the powers and properties of fenfible bodies
can be analyzed into motion and its effects, and
when thefe powers can only difcover themfelves by
motion or a tendency to it; it muft or ought to give
fatisfactory evidence, that motion is the direct caufle
of fuch effects and appearances. Every one muft
be fenfible, what a lofs it is to the increafe of
knowlege in the powers of nature, to have the
fineft and moft curious productions of thefe powers
reduced to unintelligible laws, and characterized by
words for names which have no meaning, and which
render the inventors of them no wifer, after all
their pains, than the moft heedlefs and unattentive.

It follows in order, that we fhould next proceed
to examine the properties of celeftial and terreftrial
matter in their different clafies, with their proper
conftitutions and conftru¢ture. Thefe we muft be
acquainted with, previous to our underftanding or
being able to explain and account for the various
productions and appearances which depend on them.
Thefe, throughly underftood, will lead us into
darkeft recefles and laboratories of nature; but
even a general knowlege of thefe principles, if it is

only
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only juft and founded upon certain principles, will
make our further inquiries fatisfactory, fo far as
they reach. The degrees of penctration into thefe
principles and their effefts muft diftinguith each
perfon’s reach as a natural philofopher, and not an
acquaintance with a number of terms of art, de-
pending upon memory and not capacity ; and the
knowlege of which flatters our vanity, without in-
forming our judgement.

Upon 2n attentive furvey of the operations of
nature, every perfon will conclude (as is exprefled
by the motto of this Number) that if the exiftence
of matter is wonderful, the beauty, variety, har-
mony and univerfally-mutual dependences of its
operations, with their aftonithing effects, is fill
more f{o.

Tbe E N D.
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