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M. VOLTAIRE 
T 0 T H E 

Marchioness du CH** 

IMMORTAL Emily, vaft, pow’rful Mind, 

Pallas of France, and Glory of thy Kind, 

Surpaffing Age, ev’n in thy Bloom of 

Youth, 

The Pupil, Friend, of Newton, and of Truth. 

Thy Fires tranfpierce me, and thy Charms ^ 

controul; 

I feel the Force, the Brightnefs of thy Soul! 

To Thee attra&ed, I renounce the Bays 

Sought on the Stage, while yet I liv’d on 

Praife. 

My Wit, corre&ed, roves not as before. 

Of vain Applaule, idolatrous no more ! I0 

Let Earth-born Rufus with Refentment 

rave, 

And drag his fenfelefs Fury to the Grave. 

In Rhyme Rill draining, coldly to enclofe 

Some trivial Thought, that would depreciate 

Profe, 

That 



C
O

 

iv DEDICATION. 
15 That harmlefs Thunder let him hurl at me. 

Which firft his Rage for others might decree. 

To blaft my Fame let Pedant Zoilus feek, 

And fpread unmeaning Malice once a Week. 

With me their Envy withers in the Bud ; 

20 I fee no Trads imprinted in the Mud. 

Philofophy, all-charming, pow’rful Queen, 

Lifts the wife Mind above corroding Spleen. 

Happy on high, where,Newton now remains. 

Knows He on Earth if Enmity yet reigns? 

25 Not more than He my Enemies I know, 

While Truth auguft invites me from below. 

Already fee ! (he opes the Gate of Day! 

The Lifts I enter, and purfue my Way ! 

The mafty Whirlpools, heaving ftill for Place, 

o Heap’d without Rule, and moving without 

Space, 

Thofe learned Phantoms vanifti from my 

Sight, 

And Day comes on me with her genuine Light! 

That vaft Expanfe, of Being the Abode, 

Space, which contains th* Infinity of God, 

3 5 ^ees her Breaft this bounded Syftem move 

Of Planets, Worlds, beneath us and above, 

Whofe whole Extent, fo wondrous to our Senfe, 

Is but a Point, an Atom in th’ Immenfe. 

Go 
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God fpeaks, and Chaos at his Voice fubfides; 

In various Orbs the mighty Mafs divides: 40 

At once they gravitate, they ft rive to fall. 

One Center feeki ng, which attracts themall. 

That Soul of Nature, that all-moving Spring, 

Lay long conceal’d, an unregarded Thing ; 

Till Newtons Compafs, moving thro’ the 

Space 

Meafures all Matter, all difcover’d Place; 

Finds Motion’s Caufe, Philofophy un leave ns. 

Lifts up the Veil, and open’d are the Heavens. 

His learned Hand unfolds the glitt’ring 

Robe, 

That clothes yon lucid, animated Globe, 

Who guides the Seafons, and who rules the 

Day. 

Mine Eyes diflinguifh each emitted Ray. 

With Purple, Azure, Emerald, and Rofe, 

Th’ immortal Tiffue of his Habit glows. 

Each Emanation, in pure Subfiance, bears 

The various Colours that all Nature wears : 

Thofe blended Taints illuminate our Eyes, 

Give Life to Matter, fill th’ expanded Skies. 

Eternal Pow’rs, who, near the King of 

Kings, 

Burn with his Fires, and cover with yourWings. £0 

His 

5° 

55 
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HisThrone; O tell us! viewing Newton's Plan, 

Were you not jealous of that wond’rous Man ? 

The Sea too hears him. With ftupendious 

Dance 

J fee the humid Element advance ! 

65 Tow’rds Heav’n it rifes; Heav’n attra&s it 

high : 

But central Pow’r, more potent, as more nigh. 

Each Etfort Hops: The Sea recoils; it roars; 

Sinks in its Bed, and rolls againft the Shores. 

Ye Comets, dreaded like the Bolts of Jove, 

7° In vaft Ellipfes regularly rove! 

Ceafe with your Motion Mortals to affright : 

Remount, defcend near the great Orb of Light: 

Elance your Fires; fly; and, as each appears, 

Reftore the Vigour of exhaufted Spheres! 

75 Thou, Sifter of the Sun, who, in the Skies, 

Of dazzled Sages mock’d the feeble Eyes 

Newton has mark’d the Limits of thy Race: 

March on ; illumine Night; we know thy 

Place. 

Earth, change thy Form; let the great Law 

of Matter, 

80 The Pole depreffing, elevate th’ Equator! 

Pole, fix’d to Sight, avoid the frozen Car, 

The Conflellation of the Northern Bear: 

Embrace, 
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Embrace, in each of thy immenfe Careers, 

Almoft two thoufand Centuries of Years'*! 

How beautiful thefe Objects! how the Mind 8 5 

Flies to thefe Truths, enlighten’d and refin’d ! 

Yes, in theBreaft of God, from Matter free. 

It hears the Voice of that eternal He. 

Thou, whom that Voice familiarly invites. 

Say, ev’n in Youth, the Seafon of Delights, 90 

How haft Thou dar’d, in fpite of Cuftom’s 

Force, 

To move fo boldly, thro’ fo vail a Courfe? 

To follow Newton in that boundlefs Road, 

Where Nature’s loft, and ev’ry Thing but God? 

Purfuing Thee, I venture to advance, ^ 

And bring home Truth, that Wanderer, to 

France. 

While Algaroti -f*, fure to pleafe and teach. 

Conducts the Stranger to the Latian Beach, 

With nativeFlow’rs adorns the beauteous Maid, 

And Fyber wonders at fuch Worth difplay’d; 100 

* Alrnojl two thoufand Centuries.] Mr. Voltaire's Line is 

Deux cens fiecles entiers par dela fix milleans. 

But the Period he is fpeaking of, according to his own 
Account of it, coniifts of 194000 Years, which is almoft 
two thouiand Centuries. 

f Algaroti.] A young Venetian, who is now printing at 
Venice a Treatife on Light, in which he explains Attraction. 
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I grafp the Compafs, and the Out-lines trace. 

And with coarle Crayons imitate her Face. 

Th* immortal Fair, all fimple, noble, grand. 

Should I attempt it, my unfkilful Hand 

I05 To Her, as Thee, no Luftre could impart. 

Above all Praife, and far above my Art. 

THE 
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preface. 
/T feems to have been theDefign of 

the Author m the followmgTreatife 

to give only a Tafte of Sir Ifaac 
Newton’x natural Philofophy to thofe 

who have heard his IVorks much 

commended., but had not enough of 

l\dat hem at i cal Pj earning to read themy 

tho ’ there are infever al Places fever al 

curious Things to entertain the more 
Learned. 

The Author himfelf hath obfervedfe¬ 

deral Errors in the French Edition,, 
printed at Amfterdam; and therefore 

it was neceffary in this Edition, which 

is taken from it, to make fever al A- 

mendments, tho perhaps fome may be 

wantingfill; particularly in Page i 2. 
Line 10. where its faid theDifance 

of the Stars is as their apparent Mag¬ 

nitude inverfy, fome may think it floould 

be the Square of their Dijlance; but 

even that would not be truey except 

their 
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their real Magnitudes were all equals 

which is fcarcely credible; a few others 

were market with the Errata, which 

may be foon helped. 

7he Reader is at Liberty topafs over 

the few Remarks at the Bottom of fome 

Pag esy tho they were inferted by one 

who is neither a rigid Newtonian nor 

Cartefian, and fo no Party Man; for 

Amicus Plato, Amicus Ariftoteles, fed 

magis arnica veritas. There are not 

only the Prejudice of Education, but 

alfo Inter eft, the Efiimation of others, 

and Selfzonceit, that give a great Biafs 

to the Judgment, and fometimes Deci- 

pimur fpecie re&i. This Treatife may 

Jerve to reElify the Judgment of thofe 

that can bear to read any thing a- 
gainfi it. 

T O 
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T O T H E 

Marchioness of CH*'* 

INTRODUCTION. 

Madam, 

N EITHER your Title, nor the 

Philofophy here treated, are imagi¬ 

nary. Your folid Study of many 

new Truths, and the Fruits of fo meritorious 

an Application, are what I now offer the Pub- 

lick for your own, and the Glory of your 

Sex, and for the Improvement of all fuch as 

defire to cultivate their Reafon, and enjoy 

without difficulty the Benefit of your Enqui¬ 

ries. Graces and Beauties are not to be ex¬ 

pected here. Every Hand is not capable of 

covering the Thorns of the Sciences with the 

Flowers of Wit and Fancy; and for my part 

I ought to make it my foie Endeavour in this 

EfTay to conceive certain Truths aright, and 

to explain them with Order and Perfpicuity : 

To attempt to adorn them, were encroaching 

upon your Province. 

The 
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The Name of new Philofophy would be 

no more than the Title of a new Romance, 

if it implied only the Conjectures of a Mo¬ 

dern in oppofition to the Notions of the An¬ 

cients. A Philofophy, founded only upon 

accidental Explications advanced at a venture, 

would not in ftriCtnefs deferve the lead: Exa¬ 

mination. For the IVIethods of arriving at 

Error are innumerable, whilft there is but 

one Way that leads to Truth j it is therefore 

the odds of infinite to one, that a Philofopher, 

who fupports his Principles only by Hypo- 

thefes, will advance nothing but Chimera’s. 

Hence it is, that all the Ancients, who have 

treated Phyficks without the light of Expe¬ 

riments, have been only the Blind explaining 

the Nature of Colours to the Blind. 

This Tradt will not be a compleat Courfe 

of Phyficks. That were to make it im- 

menfe \ a (ingle part of Phyficks employing 

the Lives of many Men, and often letting 

them die in Uncertainty. 

You confine yourfelf in the Study, of 

which I treat, folely to forming a clear Idea 

of thofe fubtle and powerful Springs, thofe 

primary Laws of Nature, difcovered by New¬ 

ton ; 
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torn to examining how far others had gone 

before him, from whence he fet out, and 

where he flopped. We fhall begin like him 

with Light, which, tbo’ the moll fubtle of 

all Bodies, and that which approaches the 

nearell to infinitely little, is however the Body 

of which we know the mofl. It has been 

traced in its Motions and Effects; it has even 

been anatomized and feparated into all its 

pofiible Parts. Of all Bodies, it is that which 

mofl explains the Secrets, and brings us the 

nearefl to the firfl Springs, of Nature. 

We fhall endeavour to make thefe Ele¬ 

ments eafy and intelligible to thofe, who 

know no more of Newton and Philofophy 

than their Name. The Knowledge of Na¬ 

ture is a Good, to which all Men have an 

equal Right: all are for knowing their Good, 

which few have Time or Patience to calcu¬ 

late ; this Newton has done for them. Here 

we mufl fometimes content ourfelves with the 

total of thofe Calculations. A publick Man, 

a Minifler, every day forms a jufl Idea of the 

refult of Operations not in his own Power to 

execute; the Eyes of others have feen, the 

Hands of others have laboured for him, and 

enable 
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enable him by faithful Reports to pafs his 

Judgment. Every Man of Wit will be here 

almoft in the fame cafe with this Minifter. 

Newtons Philofophy has hitherto feemed 

to many as unintelligible as that of the Anci¬ 

ents ; but theDarknefs of the Greeks proceed¬ 

ed from their having in reality no Light at 

all, whilfl that of Newton ariies from his 

Light’s being too remote from our Eyes. 

He has difcovered Truths; but he has fearch- 

ed for, and placed them in an Abyfs, into 

which it is neceffary to defcend, in order to 

bring them out, and to place them in full 

Light. 

The Reader will find here all thofe Truths 

which tend to eflablifh the new Property of 

Matter difcovered by Newton. We (hall be 

obliged to fpeak of fome Singularities which 

occui in the couife of our Defign; but we 

lhall not lofe Sight of our End. 

Thofe who defire to inftrudl themfelves 

more at large, may read the excellent Phy- 

licks of Gravejande, Keil, Mujchenbroek and 

Pemberton, and approach to Newton by de¬ 

grees. 

CHAP. 
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CHAR I. 
What Light is, and in what manner 

it comes to us. 

TH E Greeks, and after them all the bar- Singular 

barous Nations, who learnt of them^ffhe?7vi 

to reafon and to err, have faid from Age topatetlcks> 

Age thro’ a long feries of Time3 “ Light is 

<£ an Accident, which Accident is the ad: of 

<£ Tranfparent as Tranfparent; Colours are 

<£ what move tranfparent Bodies. Lumi- 

<c nous and coloured Bodies have Qualities 

££ like thofe they excite in us, according to 

“ the Maxim, that nothing can give what it 

££ has not. In fine, Light and Colours are 

“ a mixture of the hot, cold, dry and hu- 

£C mid 3 for the humid, dry, cold and hot, 

££ being the Principles of all Things, Colours 

<£ mull: necefTarily be compofed of them.” 

This is the abfurd Jargon, which the Pro- 

fefTors of Ignorance, paid by the Publick, 

have made human Credulity revere for fo 

many Ages 3 which manner of reafoning pre¬ 

vailed almofl in all things down to the times 

of Galileo and Defcartes. Even long after 

them 
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foe Fond- 

nefs for e- 

f abHflmtg 

a Syfletn 

mifiedDeC 

cartes. 

TTjc Elements of 

them the fame Trafh, the Difgrace of hu¬ 

man Underftanding, fubfifted in many Schools. 

I dare aver that human Reafon, fo obfcured, 

is far below the narrow indeed, but certain. 

Perceptions, which in Brutes we call Inftindh 

Hence we cannot congratulate ourfelves too 

much on our good Fortune in being born at a 

Time, and amongfl: a People, in which, and 

\vith whom Mankind begin to open their 

Eyes, and to enjoy the noblefl Inheritance of 

Humanity, the life of Reafon. 

All the pretended Philofophers therefore ha¬ 

ving gueft of Nature at a venture thro’ the 

Veil, under which file lay concealed, Def- 

cartes at length came, and difcovered a Cor¬ 

ner of that great Veil. He faid : Light is a 

fine and fubtle Matter diffufed univerfally, 

that ftrikes our Eyes. Colours are Senfations 

excited in us by God, according to the Mo¬ 

tions which tranfmit that Matter to our Or¬ 

gans. Thus far Dejcartes was in the right, 

and ought either to have flopped there, or in 

advancing, to have taken Experiment for his 

Guide. But he was pofiefied with the defire 

of eftablifhing a Syftem. That Paffion had 

the fame efiedt on this great Man, as Paffions 

have 
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have on all Men ; they hurry them beyond 

their Principles. 

He had laid down as the firfl Principle of his 

Philofophy, that nothing fhould be believed 

without Evidence; and yet, in Contempt 

of his own Rule, he imagines three Elements 

formed of pretended Cubes, which he fup- 

pofes to have been made by the Creator, and 

to have been broken to pieces in turning upon 

themfelves, after they came out of the Hands 

of God. Thefe three imaginary Elements are, 

as every body knows, 

1. The moffc denfe parts of thefe Cubes;HhSjftem. 

of which grofs Element, according to him, 

the folid Bodies of the Planets, the Seas, and 

even the Air are compofed. 

2. The imperceptible Dull, which the 

breaking to pieces of thefe Dice had produced, 

and which fills to Infinitude the Spaces of the 

infinite Univerfe, in which he fuppofes no 

Vacuum, or Void. 

3. The Middles of thefe pretended Dice 

broken to pieces, equally attenuated on all 

fides, and at lafi: made round into Balls, of 

which he thinks fit to make Light, and 

which he diffiifes abundantly throughout the 

Univerfe, The 
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The more wittily this Syftem was imagin¬ 

ed, the more the Reader will perceive it un¬ 

worthy of a Philofopher. For, as nothing of 

all this is proved, it were full as reafonable to 

admit the cold and hot, the dry and hu¬ 

mid. What does it hgnify which of the two 

Errors be preferred ! We will not lofe time 

in difputing this creation of Cubes and three 

Elements, or rather this Chaos. Let us con¬ 

tent ourfelves with obferving here the Philo- 

fophical Errors into which the Syllematical 

Spirit, or Fondnefs for Syftem carried the fuh- 

lime Genius of Dejcartes ^ and let us refute 

efpecially only thofe Errors, which having 

the air of Truth, have gained Credit, and de- 

ferved to be advanced. 

According to Dejcartes, the Light does not 

proceed to our Eyes from the Sun, but is a 

globulous Matter diffufed univerfally, which 

the Sun impels, and which prelies upon our 

Eyes as a Staff pufhed at one end prelfes the 

fame inftant at the other. This appeared 

plaufible, but is not therefore the lefs falfe: 

Dejcartes however was fo fully convinced of 

this Syftem, that in his feventeenth Letter of 

the third Volume, he pofitively fays and re¬ 

peats 
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peats it: 1 confefs that I know nothing of Phi- 

lofophy, if the Light of the Sun is not tranfmit- 

ted to our Eyes in an infant. And indeed, 

we mud: own, that as great a Genius as he 

was, he knew very little of true Philofophy; 

and wanted the Experiments of the fucceed- 

ing Age. That Age is as much fuperior to 

Defcartes, as Defcartes was to Antiquity. 

1. If Light were always diffufed, and A-Of the pro- 

ways exiding in the Air, we fhould fee as a£V 

clearly in the Night as we do in the Day,1^* 

becaufe the Sun below the Hemifphere would 

continually impel the Globules on all fides, 

and the Impreflion equally affed: our Eyes. 

2. It is demondrated, that Light flows 

from the Sun, and we know, that it is very 

near feven or eight Minutes in coming to us 

from fo immenfe a didance, which a Can¬ 

non-bullet retaining its force could not do in 

five and twenty Years. 

The Author of the Spectacle de la Nature, Error in 

a Work of great Merit, has fallen in this point de la Na- 

into a fmall Miftake, which no doubt he willture' 

correct in the next Edition of his Work. He 

fays, that Light, according to Newton, is fe¬ 

ven Minutes in coming to us from the Stars; 

he 
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Dmon• 

flration of 

the Motion 

ef Light. 

*The Elements of 

he has taken the Stars for the Sun. Light 

is fix Months in coming to us from the near- 

efl of them, according to a certain Calcula¬ 

tion, founded upon Experiments very delicate, 

and at the fame time very imperfe<5l. It is 

not Newton, but Huygens and Hartfoeker, 

who have advanced this Suppofition : he fays 

alfo, to prove that God created Light before 

the Sun, That Light is diffufed throughout all 

Nature, and makes itfelf fenfibley when the lu¬ 

minous Stars impel it; but it has been demon- 

ftrated to be very long in coming from the 

fixed Stars to us. Now, if it comes fo far, 

it was not diffufed before. It is necefiary to 

be aware of thefe Errors, which are every day 

repeated in abundance of Books? that are a 

kind of Ecchoes to each other. 

The following is in a few words the Sub- 

fiance of Romers fenfible Demon flration, that 

Light employs feven or eight Minutes in its 

Paffage from the Sun to the Earth. 

From the Earth at C, a Satellite of Jupiter is 

obferved to be eclipfed regularly once in two and 

forty Hours and an half. If the Earth were im¬ 

moveable, the Obferver at C would fee thir¬ 

ty Emerfions of that Satellite in thirty times 

two 
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two and forty Minutes and an half; but at 

the end of that time the Earth is come to D, 

and then the Obferver fees no longer that E- 

merfion exa&ly at the end of thirty times 

two and forty Hours and an half; but muft 

add the time, which Light takes in paffing 

from C to D, which time is manifeftly con- 

fiderable. But this fpace C D is lefs than the 

fpace G H, for C D is a Chord of the Circle, 

and G H its Diameter. This Circle is the 

great Orbit defcribed by the Earth around 

the Sun in the Center ; Light in coming from 

the Satellite of yupifer paffes the Chord 

C D in ten Minutes, and G H in fifteen or 

fixteen. The Sun is between G and H; the 

Light therefore is feven or eight Minutes in 

coming from the Sun. 

Mr. Bradley, in the laft place, has obferved 

by reiterated and certain Experiments, that 

many Stars viewed at different times, appear¬ 

ed fometimes a little more towards the South, 

and fometimes a little more towards the 

North ; which difference, he has proved, could 

arife only from the annual Motion of the 

Earth, and the Progreflion of Light. He 

obferves, that if thefe Stars have a Parallax, it 

can be only of one Second. Admit- 
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Admitting this, I proceed to reafon in the 

following manner : a Star, whofe annual Pa¬ 

rallax is no more than of one Second, is four 

hundred thoufand times more remote from 

us than the Sun ; if Light be eight Minutes 

in coming from the Sun to us, as Mr. Brad¬ 

ley believes, it will in confequence be fix 

Years, and above a Month, in coming to us 

from thofe Stars. But this is not all. Thefe 

are Stars of the firft Magnitude, thofe there¬ 

fore of the fixth, being fix times more di¬ 

stant, cannot tranfmit their Light to us in 

lels than thirty fix Years and an half. 

3. The Rays, diverted and forced to take a 

new Courfeby a Prifm, demonftrate, that 

Light actually moves, and is not a Quantity 

of Globules or Balls fimply preft. 

4* If Light confided of Globules exifting 

every where in the Air, a fmall hole cut in a 

dark Chamber ought to illuminate it entire¬ 

ly : for Light impelled ia every manner thro' 

the little Hole would ad: on all Tides, as Balls 

of Ivory difpofed in a circular or Iquare Form 

would difperfe themfelves on all Tides, if only 

one of them were drongly moved ; but di- 

redly the contrary happens. For the Light 

received 



Newton’* Philofophy. 13 

received at a fmall Hole, which admits but 

few Rays to pafs thro’ it, fcarce illuminates 

half a Foot of the place upon which it falls. 

5. The Light always enters a Hole in a 

right Line, in whatever manner the Hole can 

be contrived 5 but if the Balls were fimply 

prelied, it would be impoffible for that Pref- 

fure to be in a right Line. It is evident there¬ 

fore, that Defcartes is miftaken as well in re¬ 

gard to the Nature of Light, as the manner 

in which it is tranfmitted to us. 

Father Mallebranche, whole Genius was F. Malle- 

more fubtile than true, and who always con-£™fCi 

fulted his Meditations, but not always Na¬ 

ture, adopted the Elements of Defcartes with¬ 

out Proof; but he made lome Alterations in 

that inchanted Caftle. He imagined without 

other Proof another Explanation of Light. 

The Vibrations of luminous Bodies im- 

prefs, according to him, Strokes or Motions 

upon fmall and gentle Whirlings, capable of 

Compredion, and entirely compofed of fub¬ 

tile Matter. But had Mallebranche been 

alked, in what manner thefe fmall and gentle 

Whirlings tranfmitted Light to our Eyes; 

how the Sun’s A&ion could pafs in aninftant 

thro* 
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thro’ fo many fmall Bodies compreffed upon 

one another, of which a very fmall number 

were fufficient to intercept that Adion ; and 

laftly how it happened, that thofe gentle 

Whirlings did not mingle in turning upon one 

another : What would that Father have re¬ 

plied ? Upon what Foundation did he build 

this imaginary Superftrudure ? Should Men 

who talked of nothing but ‘Truth, have wrote 

nothing but Romances! 

Definition What then at length is Light ? It is Fire 

itfelf, which burns at a fmall difiance when 

its Parts are lefs attenuated, or more rapid, or 

more united ; and which gently illuminates 

our Eyes, when it ads from a greater di¬ 

stance, and its Particles are more rare, and 

lefs rapid, and lefs united. 

Thus a lighted Candle would burn the Eye 

at the diftance of only fome Lines (twelfths) 

of an Inch, and gives it Light at that of fome 

Inches. Thus the Rays of the Sun, diffuf- 

ed thro’ the Spaces of the Air, illuminate Ob~ 

jeds, and colleded by a Burning-Glafs melt 

Lead, Gold, &c. 

This Fire is darted on all lides from the 

Point irradiating: which is the caufe of its 

being 
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being feen on all fides; it is therefore always to 

be confidered, as Lines Hilling from a Center 

to a Circumference. Thus every Irradiation, 

or Groupe of Rays, from the Sun or any Fire 

whatfoever, fhould be confidered as a Cone, 

of which the Bale is upon our Eye, and the 

Vertex at the Fire that darts it. 

This Matter of Fire is thrown from the Sun 

to us, and as far as Saturn, &c. with a Ra¬ 

pidity that amazes the Imagination. 

The Calculation of it fhews, that if the 

Sun is four and twenty thoufand Semi-diame¬ 

ters of the Earth from us, Light in its Pro- 

grefiion to us from that Star, is but a Second 

in coming about a thoufand million of Feet. 

Now a Bullet of a Pound Weight, difeharg- 

ed with half a Pound of Powder, flies but 

fix hundred Feet in a Second ; fo that a Ray 

of the Sun (to make the Numbers even) is 

one million, fix hundred and fix thoufand, 

fix hundred times more rapid than a Cannon¬ 

ball. 

I (hall not enter here into the famous Dif-&* im¬ 

pute De vivis viribus ; I refer the Reader-for Academy! 

that to the learned and profound Diflertation &c’ 1?28‘ 

of Mr. Mairan, 
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I hope that Philofopher, and thofe who 

molt oppofe the Do&rine of living Powers, 

will permit me with theutmoll Rigour to ad- 

vance the following Proportion. 

The Effect produced by the Force of a Body 

in motion, at lealt when uniform in its Rapi¬ 

dity, is the Product of its Quantity by the 

Square of its Acceleration; that is to fay, that 

a Body, if it has ten Degrees of Swiftnefs, 

will (cceteris paribus) make an hundred times 

as much Impreffion as it would do, if it had 

only one Degree of Swiftnefs. 

If therefore a fingle Particle of Light ads 

in proportion to the Square of its Swiftnefs, 

and if that Force is about lixteen hundred 

thoufand to that of a Bullet, that Square will 

be 2560000000000, it follows then, if that 

Atom is only two billions, five hundred and 

lixty thoufand millions of times lefs than a 

Pound, it will however have the fame Effed 

Extreme as a Cannon-ball. Suppofe this Atom Rill a 
minutencfs _ 1 1 
of the Par- thoufand millions of times lefs; one Mo- 

L Ygb°{ ment’s Emanation of Light would deftroy all 

the Vegetables upon the Face of the Earth. 

Imagine how fmall a Particle of Light is, 

which palfes fo eafily through Glafs ; and to 

have 
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have fome Idea of Infinite, conceive what that 

Matter Hill a million of Degrees more fub- 

tile muft be, that enters the Pores of Gold 

and the LoadHone, and penetrates the Rocks 

and the Bowels of the Earth. 

The Sun which darts this luminous Mat¬ 

ter to us in feven or eight Minutes, and the 

Stars, thofe other Suns, which tranfmit it to 

us in feveral Years, fupply us eternally without 

wafting almoft in the fame manner, as the 

Creature that produces Mufk, perpetually e- 

xnits odoriferous Bodies around it, without 

any fenhble diminution of its Weight. 

In fine the Rapidity, with which the Sun 

proje&s its Rays, is in proportion to its Mag¬ 

nitude, which is about a million to one, to 

that of the Earth, and to the Swiftnefs of 

the Motion, with which that immenfe Body 

of Fire turns round upon its own Axis in 

twenty five Days and an half. 

The Force, Illumination, Intenfenefs and 

Denfity of all Light is calculated. This Cal¬ 

culation fhews, that this Force is exa&ly in 

proportion to the Force, with which Bodies 

fall, and with which Newton proves all the 

heavenly Bodies attract one another. This 

Propor- 
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Proportion is called the inverfe Rule of the 

Square of the Diftances. It will be necelfary 

to familiarize ourfelves with this Exprefiion. 

^n™bk°b ^tsSignification is fimpleand intelligible : it is, 

all Light that a Body at the diftance of four Feet from 
ails. 

any Fire, will be fixteen Times lefs heated 

and illuminated, than a Body at the diftance 

of one Foot, fixteen is the Square of Four. 

Now Four is the diftance of the Body lefs illu¬ 

minated; the Light therefore tranfmits to this 

Body diftant four Feet, not four but fixteen 

Times lefs Rays. And this is called the Ra¬ 

tio, or Rule, inverfe of the Square of the Di- 

ftances, which ought to be well underftood ; 

for this Proportion will be one of the Princi¬ 

ples, on which the New Philofophyis found¬ 

ed, which we fhall endeavour to make eafy. 

Progrejjion We may here take occafion to conclude 
of Light. 

Proof of the it ova the Rapidity, with which the Subftance 

of the Sun tranfmits itfelf to us in this man- 

nura- ner in a right Line, how chimerical the Ple¬ 

num of Defcartes is. For firft, how could it 

come to us in a right Line, thro’ fuch im- 

menfe Spaces of Matter moved in a curve 

Line, and thro fuch an Infinity of different 

Motions ? 2. How could fo rare a Body in 

feven 
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feven or eight Minutes pafs thro’ the Space 

of thirty millions of Leagues between us and 

the Sun, if it was to penetrate a refitting 

Matter all the way. In that Cafe every Ray 

mutt difplace thirty millions of Leagues of fub- 

tile Matter in a Moment. Befides which, we 

are to remember, that this pretended fubtile 

Matter would refift in the abfolute Plenum, 

as much as the mott folid Matter. For a 

Pound of Gold-duft, prefled clofe in a Bor, 

refitts as much as a piece of Gold weighing a 

Pound. So that it would be neceflary for a 

Ray of the Sun to have much greater Force, 

than if it were to penetrate thro’ a Cone of 

Gold, of which the Axis fhould be thirty 

millions of Leagues. 

Experience, that true Guide of Philofophy, 

further {hews us, that Light in coming from 

one Element into another, from one Me¬ 

dium into another, does pafs through entire, 

as we fhall obferve : a great Part of it is re¬ 

flected; the Air repelling more of it than it 

tranfmits ; fo that it would be impofllble for 

the Light of any of the Stars to reach us; it 

would be wholly repelled and abforbed, be¬ 

fore a Angle Ray could come half way to 

our 
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our Atmofphere. But in the Chapters, where 

we (hall explain the Principles of Gravita¬ 

tion, we (hall prove by a multitude of Argu¬ 

ments, that this pretended Plenum was a 

Romance. 

Let us here flop a Moment to obferve how 

(lowly Truth eftablifhes itfelf amongft Man¬ 

kind. 

It is almoft fifty Years fince Homer de- 

mondrated by Obfervations upon the Satel¬ 

lites of ^Jupiter, that Light is tranfmitted 

from the Sun to the Earth in about feven 

Minutes and an half, notwithdanding which 

the contrary is not only maintained in many 

Books of Phyficks; but in a Collection upon 

that Subject in three Volumes extracted from 

the Obfervations of all the Academies in Eu¬ 

rope, printed 1730, pag. 35, Vol. I. there is 

this Pafiage. 

<£ Some have pretended, that a luminous 

<c Body as the Sun, emits continually an 

<c Infinity of fmall inlenfible Particles, which 

“ bring the Light to our Eyes j but this 

cc Opinion, which dill favours a little of 

<c the old Philofophy, cannot be maintain- 

<c ed.” 

This 
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This Opinion is however demonftrated in 

more than one manner, and is fo far from 

favouring of the Old Philofophy, that it is 

diredtly contrary to it; for can anything be 

more contrary to Words void of Senfe, than 

Meafures, Calculations and Experiments ? 

CHAP. 
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CHAP. II. 

*The Property, which Light has of re¬ 

flecting itfelfl was not truly known. 

It is not reflected by the folid Parts 

of Bodies as vulgarly believed. 

TTAVING feen what Light is, from 

■*“ -*• whence derived, and how long it is in 

coming to us, let us proceed to its Properties 

and Effeds, unknown till our Days. The 

firft of its Effeds, is its feeming to rebound 

from all Objeds to bring the Images of them 

to our Eyes. 

All Men, all Philofophers, Defcartesy Malle- 

branche, and fuch as are mod remote from 

vulgar Opinion, have equally believed, that 

the folid Surfaces of Bodies are what adually 

refled Light to us. The more fmooth and 

folid a Surface is, the more, they fay, it 

caufes the Light to rebound from it j the lar¬ 

ger, and the more dired the Pore3 of the 

Body are, the more the Rays of Light pafs 

thro’ its Subftance. Thus the Looking-glafs, 

covered at bottom with a Surface of Quick- 

filver, refleds all the Rays; and the fame 

Glafs 
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Glafs without Quickfilver, having direct and 

large Pores in great number, lets great part 

of the Rays pals thro’ it. The more large 

and d ire<ft Pores a Body has, the more tran- 

fparent it is: fuch is, faid they, the Diamond, 

fuch the Water itfelf; and thefe were the 

Ideas generally received, which no-body cal¬ 

led in queftion. 

Yet all thefe Ideas are entirely falfe, fo 

remote often is the Likenefs of Truth from 

the Truth itfelf. The Philofophers gave into 

this Error, in the fame manner the Vulgar 

entirely miftake, when they imagine the Sun 

no larger than it appears to the Eye. In 

this confifted the Error of the Philofophers : 

There is no Body, whofe Surface we can 

really make even. However the Surfaces 

of many feem perfectly fmooth and polifhed : 

and whence do they appear fo to us ? The 

moft fmooth Superficies, in refpedt to the 

Particles, of which Light is compofed, is no 

more than a great number of Mountains, Ca¬ 

vities, and Spaces, fo that the Microfcope 

difcovers, that the Point of the fineiT: Needle 

actually abounds with Eminences and rugged 

Parts. 

All 
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All the various Rays of Light, which 

fhould fall on thefe unequal Parts, would be 

reflected according as they fhould fall, and fal¬ 

ling unequally, would never be regularly re¬ 

flected, for which reafon we could never fee 

ourfelves in a Glafs. 

The Light therefore, which prefents us 

our Image in a Looking-glafs, undoubtedly 

does not proceed from the folid Parts of the 

Superficies of that Glafs j neither is it the Ef¬ 

fect of the folid Parts of the Mercury 

Pewter fpread upon its Back. Thofe Parts 

are not more even or more fmooth than 

the Glafs itfelf. The folid Parts of the Pew¬ 

ter and Mercury are incomparably larger 

than the conflituent folid Parts of Light, 

therefore if the fmall Particles of Light fall 

upon the grofs Parts of the Mercury, they 

will fpread and fcatter themfelves on all fides, 

like Grains of Lead falling upon Rubbifh. 

What unknown Power then is it, that caufes 

Light to rebound towards us with fo much 

Regularity? It appears already, that Bodies 

do not return it in this manner. What 

feemed the mofl known and inconteflible a- 

mongfi: Mankind, becomes a greater My fiery 

than 
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than the Weight of the Air was formerly. 

Let us examine this Problem of Nature, and 

our Wonder will encreafe. We cannot in¬ 

form ourlelves in it without Surprize. 

Take a fmall piece, a Cube of Cryftal, and 

you will find the Rays of the Sun fall on this 

folid tranfparent Body in this manner. 

j. A fmall part of the Rays rebound to 

the Eye from the neareft Surface A, even 

without touching that Surface, as will be prov¬ 

ed more at large. 

2. Part of the Rays are received into the 

Subftance of this Body, where they play, lole 

themfelves, and extinguilb. 

3. A third Part reach to the Infide C of 

the Surface B, and from near the Surface B 

return into A, from whence fome come to 

the Eye. 

4. A fourth Part pafifes into the Air. 

5. A 

25 
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5. A fifth Part, which is the moll confT- 

derable, returns from beyond the fartheft 

Surface B into the Cryftal, which it repafles, 

and comes to refledt itfelf to the Eye. Let us 

here examine thefe latter Rays, which having 

pafled the fartheft Surface B, and come to the 

Air, fly back from that Air towards us, re- 

entring thro’ the Cryftal. They undoubt¬ 

edly have not met any folid Parts in that 

Air, on which they rebounded ; for inftead of 

Air, if they find Water on that Surface, few 

of them then return j they enter and pene¬ 

trate that Water in great abundance. Now 

Water is about eight hundred Times heavier, 

more folid, and lefs rare than Air. Thefe 

Rays however do not rebound from this Wa¬ 

ter, but they rebound from that Air into the 

Glafs 5 therefore the Light is not reflected by 

the folid Parts of Bodies. 

The following is a more Angular and more 

decifive Obfervation. Expofe in a dark 

Chamber this Cryftal A B, to the Rays of the 

Sun in fuch a manner, that the Light com¬ 

ing on the Superficies B, makes an Angle of 

above forty Degrees with the Perpendicular. 

Moft 
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Moft of the Rays then penetrate into the 

Air no longer, they re-enter the Cryftal the 

inftant they quit it, they return, as you fee, 

but in a Curve not Perceptible. 

It certainly is not the folid Surface of the 

Air that repels them into the Glafs; many 

of thofe Rays entered the Air before, when 

they fell lefs obliquely; why therefore with 

an Obliquity of forty Degrees, nineteen Mi¬ 

nutes, do moft of thofe Rays pafs no longer ? 

Do they find more Refinance, more Matter in 

the Air at this Degree, than in the Cryftal 

they had penetrated ? Are there more folid Parts 

in the Air at forty Degrees and one third, 

than at 40 ? The Air is almoft two thoufand 

four hundred Times more rare, lefs weighty, 

and lefs folid than the Cryftal, thofe Rays 

therefore ought to pafs into the Air with two 

thoufand 
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thousand four hundred Times more Facility, 

than they penetrated the Subftance of the Cry¬ 

ftal. However, notwithftanding this prodi¬ 

gious appearance of Facility they are repelled; 

but then repelled here by a Force twothoufand 

four hundred Times greater than that of the 

Air; they therefore are not at all repelled by the 

Air ; again, the Rays are not reflected to our 

Eyes by the folid Parts of Matter. For Light 

rebounds fo little from the folid Parts of Bo¬ 

dies, that in reality it rebounds from Va¬ 

cuity. 

We have juft feen, that Light falling in 

an Angle of 40 Degrees 19 Minutes upon 

the Cryftal, rebounds almoft entirely from 

the Air, which it finds at the fartheft Sur¬ 

face of the Cryftal. Let Light fall on it, 

in an Angle lefs only one Minute, ftill lefts 

of it will pafs beyond that Surface into the 

Air. Remove the Air, and no Rays at all 

will pafs. This is a thing demonftrated. 

Now when there is Water upon this Sur¬ 

face, many Rays enter that Water, inftead 

of being reflected by it. When there is only 

Air fewer Rays enter that Air. When there is 

no 
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no Air, no Ray palTes; it is therefore from 

the Vacuum that Light is refle&ed. 

Here then are undoubted Proofs, that it is 

not a folid Superficies that refletfis Light to 

us: there are many other Proofs fiill of this 

new Truth; of which the following is one, 

we fhall explain in its Place. Every opaque 

Body reduced to a thin Plate, fuffers Rays 

of a certain kind to pafs through its Subfiance, 

and refle<fis other Rays: now, if Light were 

refleded by Bodies, all the Rays which lhould 

fall upon thefe Plates, would be refie<£led by 

them. To conclude, we (hall fee that fo a- 

fionifhing a Paradox never had a greater va¬ 

riety of Proofs. Let us begin then by fami¬ 

liarizing ourfelves with thefe Truths. 

1. This Light, which is imagined to be 

reflected by the folid Surface of Bodies, re¬ 

turns in Effect without having touched that 

Surface. 

2. Light is not reflected from the Back of 

a Looking-glafs by the folid Surface of the 

Quickfilver, but from the very Pores of the 

Looking-glafs and the Quickfilver. 

3. It is not necefiary, as it has hitherto been 

thought, that the Pores of that Quickfilver 

lhould 
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(hould be very fmall to reflect Light; on the 

contrary, it is neceflary that they Ihould be 

large. 

To thofe who have not ftudied this Philo- 

fophy, it will be new matter of Surprize to 

hear it faid, that the Secret of rendering a 

Body opaque, is often to enlarge its Pores, 

and that the Means to make it tranfparent, 

is to make them fmall. The Order of Na¬ 

ture appears entirely changed : what feemed 

the necelfary Caufe of Opacity, is dire&ly the 

Caufe of Tranfparence ; and what appeared 

to render Bodies tranfparent, is become what 

makes them opaque. Nothing however is 

more true, as the groffeft Experiment demon- 

id rates. 

A piece of dry Paper, of which the Pores 

are very large, is opaque, no Ray of Light 

palTing thro’ it: reduce thofe Pores, by ma¬ 

king it imbibe Water or Oil, it becomes 

tanfparent; as will alfo Linen, Salt, &c. 

There are then certain unknown Principles, 

which produce thefe Wonders, certain Caufes, 

which occafion Light to rebound, before it 

touches a Surface, which refleft it from the 

Pores of tranfparent Bodies, and which re¬ 

pel 
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pel it from the very midfl of Vacuity % we 

are inevitably obliged to admit thefe Fadts, 

whatever the Caufe of them may be. 

Let us then apply ourfelves to the other 

Myfteries of Light, and let us fee whether 

thefe furprizing Effedts may be traced to 

fome inconteftbile Principle, which we muft 

neceflarily admit as well as the Effedts them- 

felves. 

CHAP. 
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CHAP. HI. 

Of the Property which Light has of 

refraSling in pa fling from one Sub¬ 

fiance into another, and of taking 

a new Courfe in its ProgreJJion. 

T "" H E fecond Property of the Rays of 

Light, which it is neceffary to exa¬ 

mine well, is that of taking a new Diredion 

in its Paffage from the Sun into the Air, from 

the Air into Glafs, from Glafs into the Wa¬ 

ter, &c. It is this new Diredion in thefe 

different Mediums, or breaking of the Light, 

which is called Refradion, by which Pro¬ 

perty an Oar in the Water appears crooked 

to the Rower; it is that occafions our feeing 

the Objed in a Bowl, by putting Water in 

it, which we could not fee before at the fame 

Place. 

In fhort it is by the means of this Refrac¬ 

tion that our Eyes enjoy Sight. The admi¬ 

rable Secrets of Refradion were unknown 

to the Ancients. Notwithflanding its being 

before their Eyes, and their perpetual Ufe of 

it, they have not left us a fingle Trad, 

to 
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to induce us to believe that they had guefied 

the reafon of it. Thus to this Day we ftill 

continue ignorant even of the Caufe of the 

Motions of our Bodies, and of the Thoughts 

of our Souls; but this Ignorance is of a diffe¬ 

rent kind*. We neither have nor ever {hall 

have Inftruments of fo exquifite a Frame, as 

to enable us to infped: the firft Springs, the vi¬ 

tal Principles of ourfelves; but human Indus¬ 

try has formed itielf new Eyes, which has 

Supplied us with the means of prying into 

the Effects of Light, almoft as far as it is 

permitted for Man to know concerning them. 

Let us here form a clear Idea of a very In nuhat 

common Experiment. Suppofe a piece of Light is 

Gold in this Bafon, and your Eye fixed onrefraaed' 

the fide of the Bafon, at fuch a diftance, that 

you cannot fee the Piece: 

Let 
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Let Water be poured into it, you did not 

fee the Money at firft where it was : but now 

you fee it where it is not; how happens 

this ? 

The Object A refleds a Ray, which ftrikes 

the fide of the Bafon, and which will never 

reach your Eye : it alfo refleds the Ray A B, 

which palfes above your Eye; but when you 

receive this Ray A C, it is not your Eye that 

has changed its Place, but it is the Ray A C; 

that has manifeftly taken a new Direction 

at the Edge of the Bafon in palling from the 

Water into the Air, and thereby ftrikes your 

your Eye from C. 

For you always fee Objeds in a right 

Line, therefore you fee the Objed in the 

right Line C D, and at the Point D, above 

the Place where it really is. 

If 
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If this Ray is broke in one manner, when 

it paffes from the Water into the Air, it 

muft break in a contrary manner, when it 

enters the Water from the Air. 

I raife a Perpendicular from this Water; 

the Ray, from the luminous Point A is broke 

at the Point B, and approaches the Perpen¬ 

dicular in the Water by the Line B D. The 

fame Ray D B in its Progreffion from the 

Water into the Air, is broke in palling to¬ 

wards A, and removing from the fame Per¬ 

pendicular ; Light therefore is refradled dif¬ 

ferently, according to the Mediums through 

which it paffes. It is upon this Principle that 

Nature has difpofed the different Humours in 

our Eyes, in order that the Rays of Light, in 

their Paffage thro’ thofe Humours, may be 

broke 
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broke in fuch a manner, as to reunite after 

in a Point upon the Retina: to conclude, it 

is upon the fame Principle, Spectacles are 

made, which occafion ftill greater Refrac¬ 

tions than thofe of the Eye, and which, 

thereby uniting a greater number of Rays, 

are capable of adding about two hundred 

Times more Force to the Sight ; in the 

fame manner as the Invention of the Leaver 

has augmented the Force of our Arms, which 

are natural Leavers. We were going to ex¬ 

plain the reafon difcovered by Newton, of this 

Property of Light; but it is neceflary to know 

firfl in what manner this RefraCtion aCts in our 

Eyes, and how the Senfe of Sight, the moft 

extenfive of all the Senfes, owes its Exigence 

to Refradtion. How well foever we conceive 

this Matter, it will not be amifs to ftrengthen 

the Reader’s Ideas of it by a new Enquiry. 

Thofe who perufe this little Work, will not 

be difpleafed with having no occafion to feek 

elfewhere for what they may defire to know 

concerning the Sight. 

CHAP. 
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CHAP. IV. 

Of the Form of the Eye, and in what 

manner Light enters a?id aSIs in 
that Organ. 

9 I " O know the Eye of a Man as a Philo- 

fopher who confiders only Vifion, it 

is neceffary to know firft, that the firft white 

Cover or Coat, the Defence and Ornament 

of the Eye, tranfmits no Rays. The Wronger 

and fmoother this White of the Eye is, the 

more Light it reflects ; and when lome warm 

Paflion brings unufual Spirits to the Vifage, 

they ftrain and actuate this Membrane in 

fiich a manner that the Eyes feem to flafti 

like Fire. 

In the midft of this Membrane, the Cor¬ 

nea of the Eye raifes itfelf a little^ being thin, 

hard and tran{parent, exactly like the Glafs 

of a Watch, when placed upon a Bowl in 

this manner. 

Under 
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Under this Cornea, is the Iris another 

Membrane, which being coloured of itfelf, 

diffufes its Colour upon this tranfparent Cor¬ 

nea that covers it. It is from this Iris, fome- 

times blue and fometimes brown, that the 

Eyes are either blue or black. It is perforat¬ 

ed in the middle, which therefore always ap¬ 

pears black, and is called the Sight of the 

Eye. Through this opening the Rays of 

Light enter j it enlarges itfelf by an involun¬ 

tary Motion in dark Places for the reception 

of more Rays, and contracts again, when 

too much Light offends it. 

The Rays admitted through this Sight 

are before confiderably refracted in palling 

through the Cornea with which it is covered. 

Imagine this Cornea like the Glafs of a Watch, 

that is Convex without, and Concave within : 

all oblique Rays are broke in paffing this 

Glafs; but afterwards its Concavity re-inftates 

what its Convexity has broke. This is what 

happens in the Cornea, The Rays fo broke 

and difperfed, after having paffed the Cornea, 

find a tranfparent Humour into which they 

enter. This is called the Aqueous Humour, 

The Anatomifls do not agree amongft them- 

felves 
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felves concerning the Form of this little Re- 

fervoir. But, whatever its Figure be. Na¬ 

ture feems to have placed this clear and lim¬ 

pid Humour there, to caufe Refra&ions, to 

tranfmit the Light clearly,and that the Cryllal- 

line Humour which is behind it may advance 

without difficulty, and change Figure freely,and 

that the necefifary Humidity be preferved, &c. 

The Rays having paffed this Water, come 

to a kind of liquid Diamond, in the Form 

of a Lentil, and let in a fine Membrane, which 

is itfelf tranfparent. This Diamond is the 

Cryjlalline Humour, that breaks all oblique 

Rays, and is the principal Organ of Refrac¬ 

tion and Sight; in that refpedt perfectly 

like a Spe&acle-glafs of the fame Form. Sup- 

pofe this Figure the Cryftalline Humour or 

Lenticular Glafs. 

The 
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The perpendicular Ray A penetrates it, 

without being broke; but the oblique Rays 

B, C, break in pafling this Glafs, approaching 

the perpendicular Rays which are drawn here 

on the Places where they fall. Afterwards, 

when they quit the Glafs to pafs into the Air, 

they break again removing as you fee from 

the Perpendicular; this new Refradtion is ex¬ 

actly what makes them converge in D, the 

Focus of the Lenticular Glafs. 

Now the Retina, that flight Membrane, 

that Expanfion of the Optick Nerve, which 

covers the bottom of the Eye, is the Focus 

of the Cryftalline Humour: it is to this Re¬ 

tina that the Rays tend ; but before they 

reach it, they again meet a new Medium 

through which they pafs ; this new Medium 

is the Vitreous Humour, lefs folid than the 

Cryftalline, but not fo fluid as the Aqueous. 

In this Vitreous Humour the Rays have 

time to aftemble before their laft Union upon 

the Points of the bottom of the Eye. Ima¬ 

gine then under this Lenticular Cryftalline, the 

Vitreous Humour fupporting it ; that Hu¬ 

mour holds the Cryftalline in its Concavity, 

and is round towards the Retina. 

The 
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The Rays in pafling this laft Humour fi¬ 

nally Converge. Every Groupe of Rays, that 

iflues from a Point of an Objedl, ftrikes upon 

a Point of the Retina. 

A Figure in which each Part of an Eye is 

marked with its proper Name, will better ex¬ 

plain all this Meehanifm, than Lines and 

A’s orB’s can do. The Structure of the Eyes 

being thus underftood, the reafon why the 

aid of Glafles is fo often neceffary, and the 

life of Spectacles, may eafily be known. 

An Eye will often be too flat either thro* Decayed 

the Formation of the Cornea, or its Cryftal-^* 

line Humour, which Age or Difeafe may 

have dried up j the Refractions will then be 

too weak and in lefs Quantity, nor will the 

Rays be collected any longer upon the Retina. 

Let us confider this too flat Eye, and call it 

for DiftinCtion fake the Decayed Eye. 

For the greater Facility, Jet us obferve 

only three Groupes or Cones of Rays falling 

from the ObjeCt on this Eye. They will re¬ 

unite at the Points A, A, A, beyond the 

Retina, and in Confequence the ObjeCts will 

be feen confufed. 

Nature 
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Nature has fupplied an Help againft this 

Inconvenience, by the Power fhe has given 

the Mufcles of the Eye either to lengthen or 

make it flat, to make it approach or withdraw 

from the Retina. Thus in this decayed Eye, 

the Cryftalline Humour ha9 the Faculty of ad¬ 

vancing itfelf a little to D D : the Space then 

between it and the bottom of the Retina be¬ 

comes greater, and the Rays are brought to 

unite upon the Retina> inftead of going be¬ 

yond it j but when that Power is loft, hu¬ 

man Induftry fupplies it, and a Lenticular 

Glafs is placed between the Object and the 

decayed Eye. The EffeCt of this Glafs is 

to draw the Rays it receives clofe together, 

which it conveys to the Eye both more col¬ 

lected and in greater Number: thefe reach 

the Retina in the Points they ought, and the 

Sight is then clear and diftinCt. 

Short- Obferve this other Eye, which has a con- 

J%ktedEj/e.tr2Lry Ddetf^ it is too round. The Rays 

unite too foon, as you fee at the Point B, 

they crofs each other too fall, they feparate 

in B, and from thence go on to make a Spot 

upon the Retina. This is called Shortnefs of 

Sight. This Inconvenience decreafes in pro¬ 

portion 
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portion as Age brings on others, fuch as Dry- 

nefs and Weaknefs: thefe infenfibly render this 

too round Eye flat, for which reafon fhort- 

flghted Eyes are faid to laft the longefl. At 

this time the Perfon, who was obliged to 

bring his Book to the Diftance of two or 

three Inches from his Eye, can fometimes 

read at that of a Foot; but at the fame 

time his Sight foon becomes troubled and 

confufed, and he cannot fee diftant Objedls ; 

fuch is our Condition, one Defedt can fcarce 

ever be repaired but by another. 

Now, whilft this Eye is too round, it is 

neceflary to ufe a Glafs, which prevents the 

Rays of Light from re-uniting too foon. This 

Glafs will have a quite contrary EfFedt to the 

former, and inftead of being Convex on both 

fldes, muft be a little Concave on both fides, 

to difperfe the Rays, which the other 

colledts. They will in Confequence unite far¬ 

ther in the Eye, than they did before, and the 

Eye will fee perfedlly well. The Convexity, 

and Concavity of Glafles are proportioned to 

the Defedts of the Eyes; the fame Glafles, 

that fuit the Eyes of one old Man, will be 

of no Service to another, for there are neither 

two 

43 
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two Difeafes, two Men, nor two Things ex¬ 

actly alike in the World. 

The Ancients did not know thefe Spedacles. 

They knew however Burning-GlaiTes; the 

Difcovery of one Truth in a Subjed, is not 

always a reafon for the Difcovery of all the 

Truths it includes. The Attraction of the 

Load-flone was known, but its Direction to 

the Pole remained a Secret. The Demon- 

d ration of the Circulation of the Blood was 

evident, even in the Bleeding practifed by all 

the Greek Phyficians, notwithftanding which 

no-body fufpected that the Blood circulated. 

It is very likely that the Spedacles and 

Magnifying-GlaiTes, which give new Eyes to 

the Old, were difcovered in the time of Ro¬ 

ger Bacon in the 13th Century; for he is the 

firft that fpeaks of them. 

You have now feen the Effeds caufed by 

Refradion in our Eyes, whether the Rays 

reach them without any intermediate Aid, or 

pafs thro Cryftals: you conceive, that with¬ 

out fuch Refradion in our Eyes, and fuch 

Refledion of Rays from above the Surfaces of 

Bodies, the Organs of Sight would be of no 

ufe to us. The Means employed by Nature in 

cauling 
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caufing this Refraction, and the Laws fhe 

obferves, are Myfteries we are going to ex¬ 

plain. But firft we muft conclude what we 

have to fay concerning Sight, and fatisfy 

thefe natural Queftions ? Why do we fee Ob¬ 

jects beyond, and not upon, the Looking- 

Glafs ? Why does a Concave Looking-Glafs 

render Objects larger than they are ? Why do 

Telefcopes draw Things nigh and magnify 

them ? By what Artifice does Nature make 

us fenfible of Magnitudes, Diftances and Si¬ 

tuations ? And laftly, why do we fee Ob¬ 

jects as they are, tho’ reverfed on our Retina ? 

All thefe Things merit the Curiofity of eve¬ 

ry Thinking Being ? but we fhould not have 

enlarged upon Subjects, which fo many Illu- 

ftrious Writers have treated of, and fhould have 

referred to them, if we had not in view the 

making known fome Truths fufficiently new, 

and curious to a fmall number of Readers. 

45 
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CHAP. V. 

Of Looking- Glaffes, and Telefcopes: 

Reafons given by Mathematicians 

for the Myfteries of Vifion • that 

thofe Reafons are not altogether 
fufficient. 

TH E Rays, which a Power unknown 

till our Days, caufes to refled to the 

Eye from above the Surface of aLooking-Glafs, 

without touching that Surface, and from the 

Pores of that Glafs, without touching its fo- 

lid Parts; thefe Rays, I fay, return to the 

Eye in the fame manner as they arrived at 

the Glafs. If you fee your Face in it, the 

Rays from your Face ftriking parallel and 

almofl: perpendicular upon the Glafs, return 

to it in the fame manner as a Ball rebounds 

from the Floor. 

Looking. If in the Glafs M, we look at an Obied 
Glafs <wiib . , _ J 
a plane on one lide or us as A, the Rays of that Ob- 

Surface' je& ad in the fame manner as a Ball, which 

fhould rebound to B, the place of your Eye. 

This 
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Th is is called the Angle of Incidence equal to 

the Angle of Reflexion. 

A 

The Line A C is the Line of Incidence, 

the Line C B is the Line of Reflection. It 

is fufticiently plain, and the bare mentioning 

demonltrates, that thofe Lines form equal 

Angles upon the Surface of the Glafc; where¬ 

fore then do I not lee the ObjeCt either in A 

where it is, or in C from whence the Rays 

come to the Eye, but in D behind the 

Glafs ? 

47 
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Geometry will tell us: that it is becaufe 

the Angle of Incidence is equal to the Angle 

of Refledion : becaufe the Eye in B, carries 

the Objed into D ; becaufe Objeds can ad 

upon you only in right Lines, and becaufe the 

right Line continued from your Eye B, be¬ 

hind the Glafs to D, is as long as the Line 

A C, and the Line C B added together. 

It will tell you alfo, that you never fee 

Objeds but from the Point where the Rays 

begin to diverge. Suppofe the Mirror M I. 

The 
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The Rays from every Point of the Objedt 

A, in Cones begin to diverge A the inilant 

they quit the Objedt; they proceed to the 

Surface of the Glafs : there each of thofe 

Rays falls, difperfes, and is refledted towards 

the Eye. The Eye carries them back to the 

Points D D, at the end of the right Lines, 

where the fame Rays would meet; but in 

meeting at the Points D D, thofe Rays adt in 

the fame manner, as at the Points A, A, where 

they begin to fpread; therefore you fee the 

Objedt A A at the Points D D. 

Thele Angles and Lines ferve no doubt to 

make us underftand this Artifice of Nature $ 

but 
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bat they are far from informing us of the 

Phyfical Efficient Caufe, why the Soul with¬ 

out hefitating carries the Objetf: as far beyond 

the Glafs as it is on this fide of it. Thefe 

Lines reprefent what happens, but do not 

ffiew why it happens. 

If you would know in what manner a 

Convex Glafsdiminiffies, and a Concave Glafs 

enlarges Objects, thele Lines of Incidence and 

Reflexion will give you the fame Reafon. 

We are told j that the Cone of Rays, 

which diverge from the Point A, and fall 

on the Convex Glafs, makes Angles of Inci¬ 

dence upon it equal to Angles of Reflexion, 

of 
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of which Cone the Lines come to the Eye. 

Now thefe Angles are lefs, than if they had 

fallen on a plain Surface; therefore if they are 

fuppofed to pafs to B, they will meet or 

converge there much fooner, and the Objedt 

in B B be fmaller. 

Now the Eye carries the Objedt to B B in 

Points, from which the Rays begin to di¬ 

verge, therefore the Objedt mud appear lefs, 

as it does in the above Figure. For the fame 

reafon that it appears lefs, it appears nearer, 

as the extreme Points of the Rays from B B, 

are adtually nearer the Glafs than thofe of 

the Rays from A A. 

By 
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Cott'teve 
Glafs. 

A 

By the Rule of Contraries you muft fee 

Objects greater and more remote in a Con¬ 

cave Glafs, when placed near enough to the 

Glafs. 

For the Cones of the Rays from B B, fpread- 

ing upon the Glafs at the Points where thofe 

Rays fall, if they were reflected thro’ that 

Glafs, they would not unite but in A A, 

t t h e \ are feen in A A. Now A A 

is greater and morere mote from the Glafs 

than B B, and therefore we fee the Objed: 

greater and farther off. 

This 
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This is in general what happens in the 

Reflection of Rays to our Eyes, and all the 

Myfleries of Catoptricks are founded on this 

foie Principle, that the Angle of Incidence is 

always equal to the Angle of Reflection. 

We are now to know in what manner 

Glafles augment, objects and leflen Di¬ 

stances ; and laftly why Objects, that paint 

themfelves reverfed in our Eyes, fhould 

however be feen as they are. 

In regard to Magnitudes and Distances, /he Geome- 

the Mathematicks inform us, that the greater cation*/' 

the Angle is, which an ObjeCt makes in the V^°n‘ 

Eye, the greater the ObjeCt will appear: no¬ 

thing is more plain. The Line H K at an 

hundred Paces forms an Angle, as you fee in 

the Eye A (Figure 1 ;) at two hundred Paces, 

it forms another lefs by one half in another 

Eye at B. Now the Angle formed on 

the Retina, or of which the Retma is the 

Bafe, is as the angle of which the Object is 

the Bafe. Thefe Angles are oppofite at 

their Summits or Vertical Points ; therefore, 

according to the firlt Notions of the Ele¬ 

ments of Geometry, they are equal. Hence 

if the Angle formed in the Eye A, be double 

the 
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the Angle formed in the Eye B* the Objedt 

will appear as large again to the Eye A, as 

to the Eye B. 

Now, that the Objedt may be feen as 

large by the Eye at B, as by the Eye at A, it 

is neceffary to act in luch a manner, that the 

Eye B, may receive as large an Angle as the 

Eye A, which is as near again to it. The 

GlaiTes of a Telefcope produce this Effedt. 

For the greater Facility let us fuppofe here 

only one Glafs,and abftract from theEfff&s of 

many Glalles. The Object H K. (Figure 2) 

tranfmits its Rays to this Glafs, which are 

united at fome dildance from it. Let us con¬ 

ceive a Glafs fo contrived, that thofe Ravs 
J 

crofs one another in fuch a manner, as to 

form in the Eye C, as great an Angle as 

that in the Eye A. The Eve then, you will 

fay, judges by that Angle. It fees the Ob¬ 

ject of the fame Magnitude as the Eye in 

A. But in A it fees it at the dildance of an 

hundred Paces 1 therefore in C receiving the 

fame Angle, it will Rill fee it at the fame 

Diftance. The whole Effedt of multiplied 

GlaiTes, different Telefcopes, and Micro- 

fcopes, which magnify Objects, confifts there¬ 

fore 
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fore in bringing Things to the Eye in a grea¬ 

ter Angle. The Obje<5t A B, is feen by the 

means of a Glafs in the Angle D C D, which 

is much greater than the Angle A C B. 

.D 

You afk the Rules of Opticks again, why 

Objecfts, which are painted, reverfed upon 

our Retina, are feen in their true Situation. 

The Ray from the Head of the Man 

A, falls upon the lower Point of the 

Retina A, his Feet B are feen by the Rays 

B B, at the upper Part of the Retina B. 

Thus 



56 The Elements of 

Thus the Man is really painted with his 

Head downwards and his Feet upwards at 

the bottom of our Eyes. Why therefore do 

we not fee this Man reverfed, but upright 

and as he is ? 

To refolve this Queftion, the comparifon 

of a blind Man is ufed, who holds in his Hand 

two Sticks croffed, with which he guelTes very 

rightly of the Portion of Objedts : 

For the Point B which is on the left, being 

felt by the Right Hand with the help of the 

Stick, he judges it immediately on the Left; 

and the Point A, which communicates with 

his Left Hand by the means of the other 

Stick, he judges on the Right without mi- 

flake. 

All 
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All the Matters of Opticks tell us there¬ 

fore, that the lower part of the Eye, imme¬ 

diately transfers its Senfation of the Objedt 

to the upper part A, and that the upper part 

of the Retina, as naturally tranfmits its Sen¬ 

fation to the lower part B, fo that the Obje<ft 

is feen in its true Situation. 

When we know perfectly well all the An¬ 

gles and Mathematical Lines, by which the 

Pattage of Light is traced to the bottom of 

the Eye, we are not to believe however that we 

know in what manner we attain our Percep¬ 

tions of the Magnitudes, Dittances, and Si¬ 

tuations of Things. The Geometrical Pro¬ 

portions of thofe Angles and Lines are jutt in¬ 

deed; but there is no more relation between 

them and our Senfations, than between the 

Sound we hear, and the Magnitude, Diftance, 

and Situation of the Thing heard. My Ear 

is ttruck by Sound ; I know the Notes and 

nothing more. My Eye is kept by Sight, 

I fee Colours and nothing elfe. The Propor¬ 

tions of thofe Angles and Lines cannot on¬ 

ly be in any relpedl the immediate Caufe of 

the Judgment I form of Objects; but in 

many Cafes, thofe Proportions do not in the 

leatt 
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leaft agree with the manner in which I lee 

Objedfs. 

For Inftance, we fee a Man of the fame Size 

at four and eight Paces from us *. And yet 

the Image of that Man at four Paces is exadfly 

twice as large in the Eye as at eight. The 

Angles are different; the Objedl is however of 

the fame Dimenfions; it is evident therefore 

from this fingle Example, out of many, that 

thefe Angles and Lines are far from being the 

immediate Caufe of the manner in which we 

fee. 

Before therefore we purfue the Enquiries 

we have begun upon Light, and the Mecha- 

nick Laws of Nature, it is your Command, 

that I fhould here (hew in what manner the 

Ideas of Diltances, Magnitudes, Situations, 

and Objects, are imparted to the Soul. This 

Enquiry will fupply us with fome new 

Truths, which is the only excufe for a Book. 

* We judge him to be of the fame Size, but do not 
fee him fo. 

CHAP. 
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CHAP. VI. 

59 

In what Manner we know Dijiances, 
Magnitudes, Figures, Situa¬ 
tions. 

LE T us begin with Didance. It is plain Diftance 

that it cannot of itfelf be immediately ^[^27 
perceived ; for Didance is no more than a 

Line from an Objed to us. This Line ter- Opticks. 

minates in a Point, we therefore perceive 

only this Point; and whether the Objed be 

a thoufand Miles or only a Foot from us, 

the Point is dill the fame. 

We have not therefore any immediate 

Means of knowing Diftance inftantly, as 

we have by the Touch, of didinguifhing 

whether a Body be hard or foft ; by the 

Tade, whether it be fweet or bitter; and by 

the Ear, whether of two Sounds the one be 

grave and the other acute. The Idea of 

Diftance therefore muft be attained by the 

Means of fome other intermediate Idea; but I 

muft at lead have that intermediate Idea the 

fame time; for an Idea that I have not, will cer¬ 

tainly 
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tainly never occafion my having another. I 

fay fuch a Houfe is a Mile from fuch a Ri¬ 

ver ; but if I don t know where that River 

is, I certainly don’t know where the Houfe 

is. A Body that ealily receives Impreilion 

from my Hand I conclude loft; another re¬ 

fills, I immediately perceive its Hardnefs; it 

were therefore necelfary, that I perceived the 

Angles formed in my Eyes, in Order to de¬ 

termine immediately the Dilfances of Ob¬ 

jects from them. But nobody ever thinks of 

thefe Angles in looking at an Objedt. Moll 

Men do not lo much as know that there are 

fuch : It is evident then thefe Angles cannot 

be the immediate Cauie from which we know 

Difbances. 

Proved by 
an Exam¬ 
ple. 

The Perlon who the firlf Time of his 

Life fhould hear the Report of a Cannon, or 

the Harmony of a Concert, would not be 

able to judge whether that Cannon were dis¬ 

charged, or that Concert executed, at the 

Diftance of a League or at that of thirty 

Paces, Only Experience can accuftom him 

to judge of the Dilfance between him and 

the Place from whence thofe Sounds come. 

The Vibrations, the Undulations of the Air, 
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bring Sounds to his Ears, or rather to his 

Soul, but it apprizes his Soul no more of the 

Place where the Sounds began, than it in- 

ftrudts him in the Form of the Cannon, or 

of the Inftruments of Mufick. 

It is exactly the fame Thing with Reiped 

to the Rays of Light tranfmitted by an Ob¬ 

ject, they do not inform us at all how far 

that Objed is. 

They leave us no lefs in the Dark with 

Regard to Magnitudes, and even Forms or ZguZiot 
Figures. known by 

° thofe optick 

I fee at a great Diftance a Kind of little Lines* 

round Tower. I go on, I perceive, and 

touch a great quadrangular Building. Cer¬ 

tainly what I fee and touch, is not what I 

faw before. The little round Objed which 

I had in my Eye, is not this great fquare 

Building. 

The meafurable and tangible Objed there¬ 

fore is one Thing, and the Objed of Vifion 

another. I hear in my Chamber the Noife Proved by 

of a Coach : I open my Window and fee it 5 p/Z**™ 

I go down and get into it. Now this Coach, 

which I have heard, this Coach which I 

have feen, and this Coach I have touched, is 

three 
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Nor the Si¬ 

tuation of 

Ob) efts. 

The Elements of 

three abfolutely different Objects of three of 

my Senfes, which have no immediate Rela¬ 

tion to each other. 

But farther; it is demonflrated, as I have 

faid before, that there is an Angle in my 

Eye twice as large, when I fee a Man at four 

Feet from me, as when I fee the fame Man 

at eight. However, I always fee this Man 

of the fame Size: Whence is it, that my 

Peiception contradids the IVlechanifm of my 

Organs in this Manner ? The Objed is real¬ 

ly as fmall again in my Eyes, and I fee it 

twice as large as it is. It is in vain to think 

of explaining this My fiery- by the Paffage 

through the Cryflalline, or the Form that 

Humour takes in our Eyes. Whatever Sup- 

poiition we may make, the Angle in which 

I fee a Man at four Feet from me, is al¬ 

ways twice as large as the Angle in which I 

fee him at eight; and Geometry will never 

folve this Problem. 

Theie geometrical Lines and Angles are 

not more really the Caufe that we fee Ob¬ 

jects in their Places, than that we fee them 

of fuch Magnitudes, and at fuch Diflances. 

The 
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The Soul does not confider whether fuch 

a Part is to paint itfelf at the Bottom of the 

Eye, it’s not concerned with Lines it does not 

fee. The Eye only turns itfelf downwards 

to fee what is near the Earth, and upwards 

to look at what is above it. 

All this could only be explained, and 

made incontellable by fome Perfon bom 

blind, and reftored to the Senfe of Sight. 

For if this blind Perfon, at the Moment he 

received Sight, had judged of Diftances, 

Magnitudes, and Situations, it had been 

true that the optick Angles, formed that in- 

ftant in his Retina, had been the imme¬ 

diate Caufes of his Thoughts. Dr. Barclay 

accordingly has allured us, after Mr. Locke, 

(and indeed has gone beyond Mr. Locke in 

this Point) that neither Situation, Magni¬ 

tude, Diftance, nor Figure, would be at all 

difcerned by a blind Perfon, at the Inflant 

his Eyes Ihould receive Light. 

But where was the blind Perfon to be Proof by 

found, on whom the indifpu table Decilion TimeLTol 

of this Question depended. In the Year ? Per[°,n* 

1729, Mr. Chijelden, one of thofe famous 

Surgeons, who unite a great Extent of feiden. 

Knowledge 
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Knowledge with Dexterity in Operations, 

having imagined, that Sight might be given 

to a Perfon born blind, by removing the 

Cataradfs, which he conceived to have been 

formed in his Eyes almofi at the Moment of 

his Birth, he propofed the Operation. The 

blind Perfon made Difficulties to confent to 

it. He could not very well conceive, that the 

Senfe of Sight could contribute much to his 

Happinefs. Without inculcating to him the 

its ufe for learning to read and write, he had 

never defired to fee. His Indifference in 

this Point proves, that It is impojjible to be 

unhappy by the Privation of the Good of which 

we have no Idea. A very important Truth. 

However that be, the Operation was per¬ 

formed and fucceeded. The Youth then 

about fourteen Years of Age, faw the Light 

for the frff Time. This Experiment con¬ 

firmed all that Locke and Barclay had therein 

rightly forefeen. For a long Time he dif- 

tinguifhed neither Magnitude, Difiance, Si¬ 

tuation, nor even Figure. An Objedt of an 

Inch placed before his Eyes, that concealed 

an Houfe from his Sight, appeared to him 

as big as the Houfe, Every Thing he faw, 

feemed 
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feemed at firft to be upon his Eyes, and to 

touch them, as the Objeds of the Senfe of 

Feeling touch the Skin. He could not dif- 

tinguifh what he had judged round, by the 

Help of his Hands, from what he had 

judged fquare ; nor difcern with his Eyes, 

whether what his Hands had perceived to be 

above or below, were really above or below. 

He was fo far from knowing Magnitudes, 

that after having at Length conceived by 

Sight, that his Houfe was larger than his 

Chamber, he could not conceive how Sight 

could give him that Idea. He could not 

perceive, till after two Months Experience, 

that Pidures only reprefen ted folid Bodies, and 

when, after fo long a Trial of his new 

Senfe, he had thought, that Bodies, and 

not Surfaces only, were in the painted Tables, 

he applied his Hand to them, and was a- 

mazed that he did not feel thofe folid Bodies, 

of which he began to perceive the Reprefen- 

tations. He afked which of the Senfes de¬ 

ceived him, that of Feeling, or that of See¬ 

ing. 

This was an indifputable Decifion, that 

the Manner in which we fee Objeds, is no 

immediate 
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immediate Confequence of the Angles formed 

in our Eyes ; for the fame mathematical 

Angles were in the Eyes of this Youth, as 

well as in ours, and were of no Manner of 

Ufe to him without the Aid of Experience, 

and the other Senfes. 

In what Manner then do we reprefent 

know Magnitudes and Diftances to ourfelves? In 

tudes and the fame as we imagine the Paflions of Men, 

Dijiancts. by Coiours which thofe Paflions paint in 

their Faces, and the Alteration they make in 

their Features. There is nobody who does 

not immediately read Shame or Anger in 

another's Countenance. This is the Lan¬ 

guage which Nature fpeaks to every Eye; 

but a Language to be learnt only by Expe¬ 

rience. It is Experience only that alfo teach¬ 

es us, that when an Obje<ft is too remote, 

we fee it confufedly and faintly : From 

thence we form Ideas, with which the Sen- 

fation of Sight is ever after attended. Thus 

every Man, who, at the Diftance of ten 

Paces, has feen a Horfe five Foot high, if 

he fees, fome Minutes after, the fame Horfe 

no bigger than a Sheep, his Mind, by an invo¬ 

luntary Judgment, concludes immediately that 

the Horfe is a great Way off. It 
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It is certain, that when I fee my Horfe 

fo fmall as a fmaller Image, a more acute 

Angle is formed in my Eye ; but that is what 

attends, not what caufes, my Thought. 

Th is Angle is fo far from being the imme- 

diate Caufe that I judge an Horfe very far off 

when he feems very little; that every Mo¬ 

ment I fee the fame Horfe of equal Size at 

ten, twenty, and thirty Paces from me, tho* 

the Angle is double, triple, and quadruple at 

thofe different Diftances. 

In like Manner my Brain is affe&ed diffe¬ 

rently, when I fee a Man red with Shame, and 

when I fee him red with Anger; but thofe 

Impreffions would fuggefi nothing to me of 

what paffes in the Soul of that Man, with¬ 

out the Language of Experience, which a- 

lone imparts it to me. 

I fee a great Way off, through a little 

Hole, a Man upon the Top of a Houfe, the 

Diflance and fmall Number of Rays pre¬ 

vent me from diftinguifhing at firft whether 

it be a Man or not: The Objed feems very 

fmall, and I take it for a Statue of two Feet 

at moft : The Object moves, I conclude it a 

Man, and from that Inftant he is thought 

to 
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to be of the ufual Stature ; from whence 

proceed two Judgments fo different ? 

When I believe I fee a Statue, I imagine 

it two Feet high, becaufe I fee it in fuch an 

Angle : No Experience inclines my Thoughts 

to contradict the Rays imprefied upon my 

Retina* ; but as foon as I judge it a Man, the 

Connection implanted in my Brain by Ex¬ 

perience between the Idea of a Man and the 

Idea of an Height from five to fix Feet, ob¬ 

liges me, without thinking of it, to ima¬ 

gine, by an inftant Judgment, that I fee a 

Man of fuch a Height. 

From all this we muft abfolutely conclude, 

that Difiances, Magnitudes, and Situations, 

are not, properly fpeaking, Things to be feen, 

that is to fay, the proper and immediate Ob¬ 

jects of Sight. The proper and immediate 

ObjeCt of Sight is nothing in Nature but co¬ 

loured Light; all the reft we only attain to 

know by Length of Time and Experience, 

We learn to fee, exactly as we learn to fpeak 

and read. The Difference is, that the Art 

of Seeing is the mofi eafy, and that we are 

all equally Nature’s Pupils in learning it, 

the feeing it confufedly and faintly, tells me its far 
off, and therefore bigger. See p. 66.1 17. 

The 
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The fudden and almoft uniform Judg¬ 

ments, which every Mind forms at a certain 

Age of Diftances, Magnitudes, and Situa¬ 

tions, makes us think it only neceflary 

to open the Eyes, in order to fee Things 

as they are. But this is a Mittake ; the 

Aid of the other Senfes is eflential to this 

Effect. If Men had no other Senfe but that 

of Sight, they would have no Means of 

knowing Extent, Length, Breadth, and 

Depth*; and a pure Spirit or Angel could ne¬ 

ver know it, unlefs God revealed it to him. 

It is very difficult to feparate in our Under- 

Handing the Extenfion of an Objedt from 

the Colours of it. We never fee. any Thing 

that is not extended, and from thence are all 

led into the Belief, that we actually fee Ex¬ 

tent. We can fcarce diflinguifh in Thought 

the Yellow, which we fee in a Piece of Gold, 

from the Piece of Gold of which we fee the 

Yellow. Thus when we hear the Word a Guinea 

pronounced, we cannot help annexing the Idea 

of that Coin to the Sound we hear uttered. 

If all Men fpoke the fame Language, we 

fhould always be ready to believe, that there 

* Except relatively, but not really without Feeling. 

would 
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would be a neceflary Connexion between 

Words and Ideas. Now in this Point all 

Men have the fame Language, with Refped 

to Imagination. Nature tells it to all that 

when you have feen Colours for a certain 

Time, your Imagination will reprefent to 

you, in the fame Manner, all the Bodies, in 

which thofe Colours feem inherent. That 

fudden and involuntary Judgment, which 

you fhall form, fhall be ufeful to you du¬ 

ring the Courfe of your Lives; for if, to 

judge of the Diftances, Magnitudes, and Si¬ 

tuations of all that furrounds you, it were 

neceflary to wait till you had examined the 

Angles and Rays of Vifion, you would die 

before you knew, whether the Things 

you had Occafion to ufe, were at the Dis¬ 

tance of ten Paces from you, or at that of 

an hundred millions of Leagues, whether 

they were of the Bignefs of a Mite or a Moufe. 

Wc are therefore very much in the wrong 

when we fay our Senfes deceive us *. Each of 

them difeharge the Fundion for which Na¬ 

ture intended them. They affift each other 

mutually, in conveying to the Soul by the 

4 We fuffer ourfelves to be dire&ed by our Senfes. 

Means 
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Means of Experience, fuch a Meafure of 

Knowledge as our Condition admits. We 

demand of our Senfes, what they were not 

formed to bellow. V^e are for knowing 

from our Eyes Solidity, Magnitude, Dis¬ 

tance, &c. but the Touch muft unite in 

this with the Sight, and Experience with 

both. If Mallebranche had confidered Na¬ 

ture in this View, he had afcribed fewer 

Errors to our Senfes, which are the foie 

Springs of all our Ideas. 

It is Time to refume the Thread of New¬ 

ton’s Difcoveries, and to return to our phyfi- 

cal and mathematical Enquiries, 

CHAP. 
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What Re¬ 

fraction is. 

CHAR VII. 

Of the Caufe of the breaking of the 

Rays of Light in faffing from one 

Medium to another ; that this 

Caufe is a general Law of Nature 

unknown before Newton ; that the 

Inflexion of Light is alfo an Effehl 

of the fa?ne Caufe. 

\T 7 E have already feen the almoft incom- 

prehenfible manner, in which the Re¬ 

flexion of Light is performed, and which the 

known Impulfion cannot caufe. That of 

RefraXion, of which we are now going to 

refume our Examination, is no lefs furprizing. 

Let us begin by eftablifhing in ourfelves a 

clear Idea of the Thing we are to explain. 

Let us remember well, that when Light falls 

from a more rare and thin Medium, as the 

Air, into one more heavy and denfe, as the 

Water, which in appearance fhould refill it 

more than the former, that then Light quits 

its Courfe or Direction, and breaks in a Line 

approach- 
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approaching to a perpendicular raifed upon 

the Surface of that Water. 

Mr. Le Clerc, in his Phyficks, has faid di- 

re&ly the contrary for want of Attention. In 

the Eighth Chapter of his Fifth Book he 

fays; “ The greater the Refinance of Bodies 

“ is, the more the Light that falls into them 

“ removes from a Perpendicular. Thus a 

<c Ray removes from a Perpendicular in paf- 

“ fing from the Air into Water.” This is 

not the only Miftake in Le Clerc, and a Man 

who (hould have the Misfortune to Rudy 

Phyficks in the Writings of that Author, 

would fearce have any but falfe and confufed 

Ideas. 

To have aperfe&ly clear Idea of this Truth, 

obferve the Ray A, E which falls from the 

Air into this Cryftal. 

You 
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You know in what manner it is broke. 

The Ray A E makes an Angle with the Per¬ 

pendicular B E, in falling upon the Surface 

of the Cryftal. The fame Ray refra&ed in the 

Cryftal makes another Angle with the fame 

Perpendicular,which determines its Refra&ion. 

It was neceflary to meafare this Incidence 

and breaking of Light. Snellius firfl found 

the perpetual Proportion, according to which 

the Rays are broke in different Mediums. 

The Honour of it was afcribed to Defcartes. 

People always afcribe to the Philofopher of 

greateft Reputation the Difcoveries he pub- 

lifhes: he improves by the Labours of the 

obfcure, and augments his own Glory by 

their Enquiries. The Difcovery of Snellius 

was a Mafter-piece in his Time. That Pro* 

portion is very intelligible. 

The 
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The greater Line A B, which you fee, 

is, the greater alfo will be the Line C D. The 

Line A B is called the Sine of Incidence. The 

Line C D is the Sine of Refraction. This 

is not a proper Place to explain in genera! 

what a Sine is. Thofe who have ftudied 

Geometry know it already. Thofe who have 

not, might find fome difficulty in the Defi¬ 

nition of it. It fuffices to underftand aright, 

that thefe two Sines, of whatfoever Extent 

they be, are always in Proportion to one ano¬ 

ther according to the Medium. 

The Light, which falls obliquely from 

the Air into the Cryftal, is broke there in 

fuch a manner, that the Sine of Refraction 

C D is to the Sine of Incidence A B, as 2 is 

to 3 *, which is no more than to fay, that 

the A B is one third greater in the Air, in this 

Cafe, than the Line C D is in the Cryftal. 

In the Water this Proportion is from 3 to 

4. Hence it is evident, that the Cryftal re¬ 

fracts, or breaks, the Light one twelfth more 

flrongly than Water. Confequently in all 

Cafes, and in all poffible Obliquities of In- 

* This is true on Suppofition that A E and E D were e- 
qual, then C D and A B would be Sines of the two An¬ 
gles to one Radius. 
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cidence, Cryftal will be more refraCting than 

Water by a twelfth. The Quefiion is to know 

not only the caufe of Refraction, but the caufe 

of different RefraClions. 

hgenhusy Defcartes, according; to his Cuftom, has 
hit falfe J 0 

idea of invented ingenious and plaufible Reafons for 

this Property of Light; but in this, as-well 

as the reft, fetting his Wit in the Place of 

Reality, he has given us Conjectures inftead 

of Truths. He tells us that Light, in paf- 

fing from the Air into a new, more denfe, 

and compaCt Medium, paffes more freely in 

it, and is lefs retarded in its pretended Ten¬ 

dency to Motion, and lefs retarded, fays he, lefs 

interrupted in a denfe Medium, as Glafs, than 

in a thinner Medium, as Water. We have 

already feen how much he impofes uponhim^ 

felf in averting, that Light has only a Ten¬ 

dency to Motion. We have feen, that the 

Rays actually move, becaufe they change 

their Place before our Eyes in their Refrac¬ 

tions. But his Error here is ftill farther im¬ 

portant : He deceives himfelf in believing, 

IL'TjS0' ^at Bodies which break the Light 
dees mt mofl, are always the moft folid, in which 

the Paflage of Light is more eafy. It 

is 
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is not true, that all folid Bodies abfolutely re- 

frad Light more than fluid Bodies ; for tho’ 

in Effect Water does not occafion fo flrong 

a Refraction abfolutely fpeaking, as Glafs; 

however, in regard to its Denfity, it occa- 

fions a Wronger. It is certain that Light is 

broke a twelfth more in Glafs than in Water; 

but if RefraCtion were determined in Pro¬ 

portion to Denfity, it ought much to exceed 

a twelfth in Glafs. Imagine two Men, the 

one four times itronger than the other. If 

the flronger carry only a Weight twice as 

heavy as the weaker, we fhould fay with Proof. 

Truth, that in regard to his Strength, he 

does not carry fo much as the other by a 

great deal; for he ought to carry four times 

as much. 

Amber refraCts much flronger in Propor¬ 

tion to its Denfity. Can one fay however, 

that Amber opens a more eafy Paflage for 

Light than Cryflal ? It is therefore a falfe 

Suppofition ; that Light is broken in a Line 

approaching to a Perpendicular, when it enters 

a more folidi tranfparent Body, which rejijls it 

the lefs) becaufe it is more Jolid, 

Oblerve 
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Obfcrvc that every Experiment and Calcu¬ 

lation deftroys almoft all the Ideas of Dej- 

cartes, when that great Philofopher founds 

them only upon Hypothefes. They are fhin- 

ing and deluftve ProfpeCts, which diminifh in 

Proportion as we approach them. All the 

reft of the Philofophers have endeavoured at 

Solutions of this Problem of Nature; but 

Experience has alfo refuted their Conjectures. 

Mifiahof Barrow taught, after Father Defchalles,, 

-SjjT ^at Refraction of Light, in approaching 

to a Perpendicular, was occafioned by the Re- 

JiJlance of the Medium ; that the more a Me¬ 

dium refjied the Paffage of Light, the Jironger 

that Refraction became. 

This Idea was the Reverfe of that of Def- 

cartes; and only proved, that there are diffe¬ 

rent ways to Error. They had only to con- 

fult Experiments 5 they had only to meafure 

the Refradions made in Spirits of Wine, 

which are much greater than in Water; 

they had only to confider, that Spirits of 

Wine undoubtedly do not refift more than 

Water, and that however they occafion 

a RefraCtion as ftrong again; and they would 

then have corrected this fmall Error. And 

indeed 
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indeed Father Defchalles owns, that he very 

much fufpe&s his own Do&rine. 

At length Newton alone difcovered the Newton’* 

true Reafon enquired after. His Difcovery 

undoubtedly merits the Attention of all Ages. 

For the Queftion here does not only regard 

a particular Property of Light, tho’ that were 

a great Point; we (hall fee that this Proper¬ 

ty extends to all the Bodies in Nature. 

Confider that the Rays of Light are in 

Motion, that if they turn afide in changing 

their Courfe, it mud be an EfFetf: of fome 

Primitive Law, and that, nothing (hould 

happen to Light, but what (hould happen to 

all other Bodies of the fame fmalnefs as 

Light, cceteris paribus. 

Let a Ball of Lead A move obliquely from 

the Air into the Water, the contrary of what 

happened to the Ray of Light will happen 

to the Ball; for that a fubtile Ray enters into 

the Pores of the Water, and the Ball, whole 

Superficies is large, encounters the Superficies 

of the Water which buoys it up. 

This 
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This Ball removes then at firft from the 

Perpendicular D B; but when it has entirely 

loft the oblique Motion imprefifed upon it, it 

is left to itfelf, and falls diredtly in a perpen¬ 

dicular Line, from the Point where it began 

to fink. Now Newton has difcovered and 

proved, that there is a Power in Nature, 

which makes all Bodies tend towards each 

other in a ftrait Line, in direct Proportion 

to their Quantity. This Power therefore 

(fuch as it may be) muft adl in the Water 

upon a Ray, and the Quantity of the Ray 

being incomparably lefs than that of the 

Water, the Ray muft be fenfibly moved to¬ 

wards it. 

Obfervethen this Ray of Light, which 

falls perpendicularly from the Air upon the 

Surface of this Cryftal. As 
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As this Line falls perpendicularly, the 

Power of Attradion, fuch as it is, ading in 

a right Line, the Ray does not turn afide 

from its Courle but arrives more fwiftly 

than it would have done in B; and this is 

another Truth difeovered by Newton. 

Before him, this Ray of Light was believ¬ 

ed to be retarded in its Courfe by entring in - 

to the Water. On the contrary, it enters it 

with additional Force. But why? Becaufe it 

falls into it both by its own Motion, and by 

that which the Attradion of the Water, or 

the Glafs, imprelfes upon it. This Ray ar¬ 

rives more fwiftly in B, by this acceierative 

Force, than it would have pa fled through the 

Air without it. 

But 
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But if we confider in the fame Bafon of 

Water, or the fame piece of Glafs, the ob¬ 

lique Ray which falls upon it, what follows? 

It retains its oblique Motion in a right Line, 

and acquires a new one in a perpendicular 
Line *. 

That this Attraction, this Tendency, this 

kind of Gravitation exifts, is not to be doubt¬ 

ed : for we have feen Light, attracted by 

Glafs, re-enter it without touching any 

Thing 5 now this Power neceffarily aCts in a 

perpendicular Line, that Line being the 

fhorteft way. 

As this Power exifts, it exifts in all the 

Parts of Matter. The Parts of the Superfi¬ 

cies of eveiy Body whatfoever, do exert there¬ 

fore this Power, before the Ray enters or attains 

the Center to which it is direded. Thus as 

foon as this Ray arrives near the Superficies of 

the Ciyftal or the Water, it begins to incline 

a little in this manner towards a Perpendicu¬ 
lar. 

* Two Forces aCHng on it the fame Time in different 
Directions, it takes a Courfe between them. 

It 
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It begins to break a little in c, before it 

enters : the farther it goes, the more it 

breaks; that is, the nearer Bodies are the 

more they attract each other, and that which 

is more in Subftance determines that which is 

lefs towards it. Thus the fame happens to 

this Ray of Light as to every other Body 

that has two different Directions; it is en- 

grofled by neither, but holds a Courfe that 

participates of both. This Ray therefore 

neither falls entirely in a perpendicular Line, 

nor follows its firft oblique Direction, in pafling 

thro* the Water or the Glafs; but it follows 

in a Line, which participates of both, and 

which defcends the falter, in Proportion to 

the Force with which the Water, or Cry- 

flal, attract it. The Water therefore, far from 

break- 
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breaking the Rays of Light by refitting them, 

as was believed, really breaks them becaufeit 

does not relitt, and on the contrary becaufe it 

attracts them. We mutt therefore fav, that the 

Rays are broken in a Line inclining towards 

a Perpendicular, not when they pafs from a 

more eafy into a more refitting Medium, but 

when they pafs from a lefi attracting, into a 

more attracting Medium. Obferve, that this 

Word attracting mutt never be understood, 

but as towards the Point to which that known 

Power, an indiiputable Property of Matter, 
directs itfelf. 

You are fenfible, that abundance of Peo¬ 

ple, as much attached to the Philofophy, or 

rathei the Name, of TOefcartes, as they were 

formerly to the Name of Arifotle, have de¬ 

clared againtt Attraction. Some would not 

ftudy it, others defpifed and condemned it, 

after having fcarce examined it; but I beg 

the Reader to make the three following Re¬ 
flections. 

Ue Word i. What are we to underttand bv Attrac- 

Jhouidbe tion. Nothing but a Force bv which one 

beforede- Body approaches another, without any other 

‘CC. “ F°rce being feen or known to impel. 

2. This 
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2. This Property of Matter is received by 

the bed: Philofophers in England, Germany, 

Holland, and even in many Univerdties of 

Italy, where Laws of a rigorous Nature 

fometimes bar the Avenues to Truth. The 

Confent of fo many learned Men is no Proof 

indeed 5 it is however a ftrong Reafon for exa¬ 

mining at lead:, whether this Power exids or not. 

3. We ought to fuppofe, that we know 

no more of the Caufe of Impulfion, than we 

do of that of Attraction. We even have not 

a greater Idea of the one than the other of 

thefe Powers; for no-body can conceive why 

a Body has Power by them to move another 

from its Place. Neither, indeed, do we con¬ 

ceive better why the Parts of Matter gravi¬ 

tate towards each other. Newton himfelf did 

not pretend to know the Reafon of this At¬ 

traction. He has only proved its Exigence: 

he faw a conftant Phenomenon, an univer- 

fal Property in Matter. If a Man difcovers 

a new Metal in the Earth, would this Metal 

exid: the lefs, becaufe the firfl Principles of 

it were not known. Let the Reader of this 

little Treatife perufe Mr. Maupertius s Meta- 

phyfical Difcuffion upon Attraction, in the 

fmalled: 
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fmalleff and perhaps bed: wrote Philofophi- 

cal Book in French. He will there fee thro’ 

the Referve with which the Author explains 

himfelf, what he thinks, and what is to be 

thought of Attraction, of which the Name 

has given fo much Offence. 

We have feen in the fecond Chapter, that 

the Rays of Light reflected to us from a 

Looking-Glafs cannot be reflected from its 

Surface. We have feen experimentally, that 

the Rays, tranfmitted by a Glafs to a certain 

Angle, return inffead of palling into the Air; 

that, if there be a Void behind that Glafs, 

the Rays which were tranfmitted before, re¬ 

turn from that Void to us. In this Cafe 

there is certainly no Impulfion. Another 

Power muff neceffarily be admitted; and at 

the fame time we muff inevitably admit, that 

there is fomething in Refraction hitherto not 

underflood. 

Now what Power is that, which breaks a 

Ray of Light in a Bafon of Water ? It is de¬ 

mon ffrated, (as we fhall fhew in the follow¬ 

ing Chapter) that, what had hitherto been be¬ 

lieved a fingle Ray of Light, is a Groupe of 

many Rays, which are all differently refraCt- 

ed. 
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ed. If one of the Rays of Light contained 

in this Groupe is refraCted, for Indance, at 

four Degrees didance, another will be at 

three, fiom a Perpendicular. It is demon- Proofs <f 

ftrated, that the mod refrangible, that is to t'umT 

%> thole which in being broke on quitting 

the Glafs, and in taking a new Direction in 

the Air, go mod: from the Perpendicular of 

that Glafs, are alfo thofe which are reflected 

fooned and with mod Eafe. It is therefore 

already very probable, that the fame Law 

which occafions the Reflection, occafions alfo 

the Refraction of Light. 

Laftly, If we find fiill fome new Property 

of Light, which appears to derive its Origin 

from the Force of Attraction, ought we not 

to conclude that fomany EffieCts proceed from 

the fame Caufe? 

This new Property was difcovered by Fa¬ 

ther Grimaldi the Jefuit about the Year 1660, 

upon which Newton has carried his Enqui¬ 

ries fo far as to meafure the Shadow of an 

Hair at different Diftances. This Property 

is the IndeCtion of Light. The Rays not on¬ 

ly break in pading the Medium, the Subdance 

of which attracts them* but other Rays, 

which 
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Inflexion 

of Light 

near Bo¬ 

dies that 

at trail it. 

Tide Elements of 

which pafs in the Air near the Edges of the 

attracting Body, fenfibly approach it, and vi- 

fibly turn afide from their Courfe or Direc¬ 

tion. Put a Blade of Steel or thin Glals end¬ 

ing in a Point, in a dark Place : let it be fet 

near a little Hole through which the Light 

pafles; and let the Light almoft touch the 

Point of this piece of Steel or Glafs. 

The Rays will bend in fuch a manner 

near it, that the Ray next the Point will be 

more curve, and the fartheft from it lefs fo 

in proportion. Is it not highly probable, 

that the fame Power, which breaks thefe 

Rays, when in this Medium, forces them to 

incline towards it, and quit their Direction, 

when they are near it ? Thus we fee Refrac¬ 

tion, Tranfparence, and Reflexion fubjeded to 

new Laws; and an Infledion of Light re- 

fulting evidently from Attraction. Thus a 

new Univerfe prefents itfelf to the Eyes of 

thofe who are willing to fee it. We 
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We fhall foon fhew, that there is an evi¬ 

dent Attraction between the Sun and the 

Planets, and a mutual Tendency of all Bo¬ 

dies towards each other. But we think pro¬ 

per to obferve here, that this Attraction, 

which caufes the Gravitation of the Planets 

towards the Sun, does not at all aCt in the 

fame Ratio s, as the Attraction of Corpul- 

cles which touch each other. We mutt al- 

fo remember well, that thole Ratio’s change 

at the Point of ContaCt; and not believe, 

that Light is infleCted towards the Cryftal and 

in the Cryftal in the fame Ratio, for Pi¬ 

ttance, as Mars is attracted by the Sun. All 

Bodies, as we fhall fee, are attracted in the 

Ratio inverfe of the Squares of their Di- 

ttances; but at the Point of ContaCt, they 

are attracted in the Ratio inverle of the 

Cubes of their Dittances, and even conlide- 

rably more. Thus Attraction is much ttron- 

ger, and the Force of it difperfed with much 

greater Velocity; and this Attraction of Bodies, 

that touch each other, ttill augments in Pro¬ 

portion to the fmallnefsof the Bodies. Thus 

the Particles of Light, attracted by the fmall 

Subttance in Glals, are far from following 

the 
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the Laws of the Planetary Syftem. Two 

Atoms, and two Planets, as Jupiter and Sa¬ 

turn, are governed by Attraction; but by 

different Laws of Attraction. This is what 

we (hall explain in our laft Chapter but one, 

and which we thought proper to premife 

here to remove all Ambiguity. 

CHAP. 
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CHAP. VIII. 

The ’wonderful EffeSls of the Refrac¬ 

tion of Light. "The feveral Rays 

of Light have all pojjible Colours in 

themfelves ; what Ref tangibility is. 
New Discoveries. 

T F you afk the Philofophers what is the imagma. 

A caufe of Colours, Dejcartes will tell you. Derates 

That the Globules of his Elements are deter min- in rftea 

ed to turn round upon themfelves with Velocity, 

befides their Tendency to Motion in a right Liney 

and that thefe different Whirlings round are 

the caufe of different Colours. But, in reality, 

what are his Elements, his Globules and 

Whirlings, do they require the Touchftone of 

Experiment to prove them falfe ? A multi¬ 

tude of Demonftrations annihilate thefe Chi¬ 

mera’s, of which the following are mofl fim- 

ple and fenfibko 

Dilpofe a number of Balls againft one an¬ 

other : fuppofe them pufhed and turning a- 

bout with Velocity on all fides, the very 

Words Ihew, that it is impoffible for thefe 

con- 
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contiguous Balls to move forward regularly in 

right Lines. Again in what manner fhould 

we fee this Point Blue and this Point Green 

upon a Wall ? 

Suppofe them marked on this Wall; they 

mud crofs each other at the Point A, before 

they reach our Eyes. As they crofs each o- 

ther, their pretended Whirling muft change 

at the Point of Interfedtion. The Whirlings 

of the Blue and the Green fubfift then no 

longer as before; in Confequence there would 

be no longer either the Point Green or the 

Point Blue. A Flemijh Jefuit made this Ob- 

iedlion to Defcartes. The latter was fenfible 

of all its Force, but could one have imagin¬ 

ed he would anfwer; Fhat thofe Balls do not 

actually 
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Anally turn round, but that they have a Ten¬ 

dency to turning round? This Dejcartes fays in 

his Letters. The A<5t of tranfparent, quate- 

nus tranfparent, is it more intelligible ? 

You will tell me, without doubt, that 

there is the lame Difficulty in all Syftems i 

that the Rays from the Point Blue and the 

Point Green necellarily crols each other, 

whatever Opinion we efpoufe in relpetf: to 

Colours; that this Interfedlion of the Rays 

muft always prevent Vifion; in a Word, that 

it is always incomprehenfible, how Rays, 

which crofs each other, ffiould come to our 

Eyes in their proper Order; but thi3 Scruple 

will foon be removed, if we confider, that 

every Part of Matter has incomparably more 

Pores than Subftance. A Ray of the Sun, 

thirty millions of Leagues in length, has pro¬ 

bably not one Foot of folid Matter in its 

whole Extent. It would therefore be very 

poffible for fuch a Ray to pafs through ano¬ 

ther in this manner without difplacing any 

thing. 

They 
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♦ 
♦ 

They do not only pafs in this manner, 

but over one another like two Staffs. It may 

further be objedted, that the Rays which 

flow from one Center, do not terminate ex¬ 

actly, and in Mathematical Stridtnefs, at the 

fame Point of the Circumference. That is 

true : and that Point mu ft always be infinite¬ 

ly fmall: but two Men never fee the fame 

Points of the fame Objedt. This is alfo true. 

Of a thoufand millions of Perfons who fhould 

look upon the fame Superficies, no two of 

them would fee the fame Points. 

In the Plenum of Defcartes, it muft be con- 

feffed, that this Interfedlion of the Rays is 

impoflible; but every thing is equally impof- 

fible in a Plenum, and there is no Motion 

whatfoever that does not fuppofe and prove a 

Vacuum. 

Malle- 
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Mallebranche in his turn tells us : It is true Error of 

Defcartes deceived himfelf. His whirling of branche. 

Globules is not to be maintained; but they are 

not Globules of Light, they are little Whirlings 

of Jubtile Matter, capable of CompreJJion, which 

are the caufe of Colours; and Colours confift like 

Sounds in the Vibrations of that Prefion. And 

he adds: ‘To me it Jeems impGfJible to difcover by 
any Means the exalt Proportions of thefe Vibra¬ 

tions, that is to fay, of Colours. It is re¬ 

markable, that he talks in this manner in the 

Academy of Sciences in 1699; and that thefe 

Proportions (or Ratio’s) had already been 

difcovered in 1675 ; not Proportions of little 

Whirlings which do not exift; but Pro¬ 

portions of the Refrangibility of the Rays, 

which forms Colours, as we fhall prefently 

(hew. What he believed impoffible, was al¬ 

ready demonftrated, and what is more, de- 

monftrated to the Eyes, acknowledged true 

by the Senfes, which would have highly dif- 

pleafed Father Mallebranche. 

Other Philofophers, perceiving the Fallacy 

of thefe Suppolitions, tell us at leaft with 

more Probability: Colours are produced by the 

Rays of coloured Bodies more or lefs reflected. 

White 
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White reflects mofl, and Black leafl of them 

all. The mofl fining Colours therefore are 

thofe which emit mofl Rays to the Rye. Red, 

for inflame, which fains the Sight a little, 

ought to confifl of more Rays than Green, which 

gives it mofl Eafe, This Hypothefis appears 

more rational at firft; but is only Conjec¬ 

ture, (and that too very imperfect and erro¬ 

neous) and a Conjecture is only a new Rea- 

fon for enquiring, but not for believing. 

Let us apply to Newton. He will tell us; 

Don’t believe me; believe only your Eyes, and 

the Mathematicks: place yourfelf in a Room 

entirely darkened, into which the Light comes 

only thro’ an Hole exceedingly fmall; the 

Ray of Light falling upon Paper will give 

you the Colour White. 

Place a Prifm of Glafs tranfverfally to a 

Ray of Light; then at the diftance of about 

fix teen or feventeen Feet fix the Sheet of 

Paper P, oppolite to the Prifm. 

You 
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You know already that Light is broke in 

entering the Prifm from the Air; you know 

that it breaks in a contrary manner in paffing 

from the Prifm into the Air. If it was not 

broke it would fall from the Hole upon the 

Floor of the Room Z. But as this Light in 

paffing from the Prifm mud: remove from 

the Line Z, it will in Confequence drike the 

Paper. There then appears the whole Se¬ 

cret of Light and Colours. The Ray, which 

falls upon the Prifm, is not, as was believed, 

a (ingle Ray, but a Group, confiding of (even 

principal Groups of Rays, each of which car¬ 

ries in itfelf a Primitive or Primordial Colour 

peculiar to itfelf *. From that Mixture of 

* It’s hard to conceive how one Ray can be a Group 
or Bundle of Rays containing feven other Bundles ^ it’s 
eafier to conceive Rays of feven different kinds falling 
mixed on the Prifm that are afterwards feparated by it. 

the 
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the feven Rays come all the Colours in Na¬ 

ture ; and the whole feven united, and re- 

flefted together from one Objed, form White- 

nefs. 

Let us trace this admirable Artifice to the 

bottom. We have already infinuated, that 

the Rays of Light 'are not all refraded or 

broken equally, of which this is an evident 

Demondration to the Eyes * The feven Rays 

of Light having quitted the Body of the 

Ray, which is anatomized at paffing from 

the Prifm, place themfelves each in its Order, 

upon the white Paper, each Ray occupying 

an Oval. The Ray which has lead: Force, 

Rapidity, and Matter to keep its Diredion, 

removes mod: in the Air from the Perpendi¬ 

cular of the Prifm. That which is the 

ftrongeft, mod denfe, and mod vigorous, re¬ 

moves lead: from it. Obferve thefe feven 

Rays, which are broke one above another. 

Each of them paints upon the Paper the 

primitive Colour peculiar to itfelf. The firfl 

Ray, which removes lead: from the Perpen¬ 

dicular of the Prifm, is the Colour of Fire; 

* There can be no Demonftration to the Eye, not fo 
tnuch for that the Senfe is deceitful, as for that it’s doubt¬ 
ful whence that Appearance flows. 

the 
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the fecond orange, the third yellow ; the 

fourth green j the fifth blue ; the fixth in¬ 

digo j and the lad, which removes mod from 

the Perpendicular, and rifes above all the 

red, is the violet. 

A fingle Group of Light, which at fird Anatomy 

compofed only Whitenefs, is therefore one °^UghU 

confiding of feven Groups of Rays, which 

have each their peculiar Colour. The afiem- 

blage of feven Primordial Rays therefore is 

what compofes white. 

If this be dill doubted, take a Lenticular 

Spectacle-Glafs, which colledls all the Rays 

at its Focus : place this Glafs upon the Hole 

at which the Light enters, and you will never 

feeany thing at the Focus but a round Spot of 

white. Place the fame Glafs at the Point, 

where it can collect all the feven Rays that 

pafs thro’ thePrifm. 

It 
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It unites, as you fee, thofe feven Rays in 

its Focus. The Colour of thofe feven Rays 

is white; which demonftrates that the Co¬ 

lour of all the Rays united is Whitenefs. 

Confequently the Body which reflects no 

Light will be black. 

For when by the help of the Prifm we 

have feparated fomeof thefe primitive Rays, 

tho’ we make them fall upon a Looking-Glafs, 

a Burning-Glafs, or another Prifm, they will 

never change their Colour nor feparate into o- 

ther Rays. To contain fiich a Colour is their 

EfTence, nothing can alter them more; and as a 

fuper-abundant Proof, if we take Silk-Threads 

of diffeient Colours, and lay one of them, a 

blue one for Inftance at the red Ray, the 

blue Silk will become red. Put the fame to 

the yellow Ray it becomes yellow j and fo 

on with the reft. In fine neither Refraction, 

Reflection, nor any other Means conceiveable 

can change this primitive Ray, being as un¬ 

alterable, or rather more fo, than Gold 

proved in the Crucible. 

This Property of Light, this Inequality in 

the RefraCtion of its Rays, is what Newton 

calls Refrangibility. At firft its Exiftence 

was 
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was oppofed, and continued to be denied a 

long time, becaufe Mr. Mariote had erred 

in making Newton's Experiments in France. 

People were better pleafed to fay, that New- Vain oh~ 
J jedions a- 

ton had boafted of having teen what he had &ainft thef* 

not feen, than to think Mariote had not ta- nL. 

ken proper Methods for feeing the fame, and 

had not been happy enough in the Choice of 

his Prifms. Even afterwards, when thele 

Experiments had been well made, and Truth 

had {hewn itfelf to our Eyes, Prejudice {fill 

fubfifted to fuch a Degree, that in feveral 

Journals and Books publifhed fince the Year 

1730, the fame Experiments are confident¬ 

ly denied, tho’ made by all Europe every Day. 

In the fame manner, after the Difcovery of 

the Circulation of the Blood, Thefes were 

maintained againft that Truth, and the Per- 

fons who explained that new Difcovery, 

nick-named Circulators, by way of Ridicule. 

At length, there are fome who Rill hold 

out when obliged to yield to Evidence : 

they have feen the Fad:, but they cavil at 

the Exprefiion: they have declared War a- 

gainft the Term Refrangibility, as well as 

againft thofe of Attraction and Gravitation. 

But, 
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But, in the Name of Nonfenfe, what figni- 

fies the Term, provided it implies a Truth ? 

When Chrijlopher Columbus difcovered the 

Illand Hi/paniola, had he not a Right to call 

it by whatever Name he thought fit ? And 

have not Inventors an equal Right to name 

what they create or difcover? People have 

cried out and wrote againd Words, which 

Newton has ufed with the wife ft Precaution 

to prevent Errors. 

He calls thefe Rays, red, yellow, &c. 

rubrijick, jlavijick Rays, that is to fay, ex¬ 

citing the Senfation of red, yellow, &c. 

His Intent in this was to flop the Mouths of 

thofe, who fhould have the Ignorance, or 

Injuftice, to impute to him, that he believed 

with Ariflotle, that Colours are in the things 

themfelves, in the yellow and red Rays, and 

not in our Mind. He had realon to appre¬ 

hend this Acculation. I have met with Per- 

fons, and thofe too of fome Merit, who 

have allured me, that Newton was a Peripa- 

tetick, that he thought the Rays themfelves 

actually coloured, as Fire was formerly be¬ 

lieved hot j but the fame Criticks allured me 

alfo, that Newton was an Atheift. It is true. 
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they had not read his Works, but they had 

heard them fpoken of by others, who had 

wrote againft his Experiments, without hav¬ 

ing feen them. 

The gentlefl: Treatment thofe who wrote 

firft againfl Newton, gave his Syftem, was to 

fay it was an Hypothefis 5 but what is an Hypo- 

thefis? A Suppofition. Andean Fadsfooften 

demonftrated be ju% called a Suppofition ? 

Is it thro’ Self-Love, that People will abfo- 

lutely have the Honour of writing againft a 

great Man ? Ought they not rather to be 

better pleafed with being his Difciples than 

Opponents ? Is it becaufe they are born in 

France, that they are alhamed of receiving 

Truth at the Hands of an EngliJJjman? Such 

a Thought would ill become a Philofopher. 

Whoever thinks right, has no regard here to 

French or Englijh; he that inftrud:s us is our 

fellow Countryman. 

103 
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CHAR IX. 

"The Caufe of Ref Tangibility ; from 

which it appears that there are in- 
divifible Bodies in Nature. 

TH E Refrangibility, which we have 

now feen, being united to RefraCtion, 

mu ft have its Source in the fame Principle. 

The fame Caufe mu ft prefide in fetting all 

thefe Springs in Motion : this is the Order 

of Nature. All Vegetables are nourifhed by 

the fame Laws; all Animals have the fame 

Principles of Life. Whatever happens to 

Bodies in Motion, the Laws of Motion are 

immutable. We have already feen, that the 

Reflection, RefraCtion, and Inflection of 

Light, are the EffeCts of a Power, which is 

not Impullion (at leaft known Impulfion :) this 

fame Power thews itfelf in Refrangibility ; the 

Rays, which difperfe themfelves to different 

Diftances, inform us, that the Medium, in 

which they pafs, aCts unequally upon them. 

A Group of Rays is attracted into the Glafs; 

but that Group is competed of Rays unequal 

in 
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in their Subftance. Thofe unequal Quanti¬ 

ties therefore obey unequally the Power by 

which the Medium ads upon them. The 

more folid and compatf: a Ray of Light is, 

the more it mutt refill that Power, the lefs 

it muft turn afide from its Courfe or Direc¬ 

tion, and the lefs it muft be refrangible. 

Thefe Experiments confirm it in all Mediums 

and Cafes. The red Ray is always that, 

which turns afide leaft from its Direction; 

and the violet, that which always turns a- 

fide moft. So the red Ray has always more 

Subftance, is harder, and more fbining, and 

tires the Sight more. The violet, which of Differenct 

all the coloured Rays eafes the Sight moft, ^r”s 

is the moft refrangible, and confequently is°fL&*- 

compofed of the fineft, and leaft gravitating 

Parts. We muft not believe here, that Light 

having Weight, and that one Ray weighs 

more than another, are meer Conjectures, 

formed at a venture. 

Experiments made by the moft learned and Light has 

judicious Perfons, inform us, that many Bo- Weighi' 

dies acquire Weight, after having imbibed 

Light for a confiderable Length of Time. 

The Particles of Fire, which penetrate their 

Subftance, 
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Subftance, augment it. But fhould thefe 

Experiments be called in queftion; Fire is 

Matter ; therefore it has Weight, and Light 

is nothing but Fire. 

It is evident, that a white Ray * weighs all 

the Rays that compofe it. Now fuppofe for 

a Moment, that all the Rays of a Group e- 

qually remove from one another, it is then 

evident, that the red Ray being feven Times 

lefs refrangible than the violet Ray, it ought 

to have feven Times more Subftance, and feven 

Times more Weight, than the violet Ray. 

Thus the red Ray weighing as feven ; the 

orange, we fuppofe here, as fix 3 the yel¬ 

low, as five; the green, as four; the blue, 

as three; the purple-indigo, as two; and 

the violet, as one: the total Amount of all 

thefe Weights being twenty-eight, and the 

white Ray including them all, the white 

Ray according to this Calculation, is demon- 

ftrated to weigh twenty-eight times as 

much as the violet Ray 

* By the white Ray is meant a Bundle of the feven dif- 
rent Rays. 

f If the violet Ray be alfo a Bundle of as many Rays, it’s 
the fourth Part of the other. 

We 
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We have already feen how prodigioufly 

fmall the Rays of Light mud be, which, 

containing in them all Colours from the 

Sun, penetrate a Pore of a Diamond. Abun¬ 

dance of Rays enter that Pore, and unite 

near the interior Part of one of its Surfaces. 

Of this great number of Rays, that occupy fo 

fmall a Space, there is not any, that do not 

contain feven primordial Rays. Each of 

thole Rays is itfelf a Group of Rays tinged 

with its Colour. The red Ray is an Affem- 

blage of a very great Number of red Rays. 

The violet is an Allemblage of violet Rays. 

If therefore this Group of violet Rays weighs 

eight and twenty times lefs than one of 

white Rays *, what mud a Angle one of 

them weigh ? 

Let us confider one of thefe Angle Rays, 

that differs from one of another Colour; for 

Indance, the fmalled of the red Rays differs 

in every thing from the fmalled of the vio¬ 

let : The folid Parts of which it is compof- . 
C Atoms of 

ed, mud be fo many Atoms perfectly hard. which 

And indeed, if Bodies were not compofed of compo/ed. 

*Not the Group but one Ray in it, for the Rays in the 
one are as many as in the other. 

folid. 



io8 Tie Elements of 

folid, hard, indivifible Parts, that is to fay, 

of real Atoms, how could the Species of Bo¬ 

dies continue eternally the fame? How could 

fo invariable a Difference be preferved ? Muff 

not the Parts, that conflitute their Effence, 

be fufficiently hard, folid, and firm, to be al- 

Atotm are ways what they are? For how in the Tex- 

pies of Bo- ture of a fingle Grain of Corn, would fo 

many Grains of Corn be included, and no¬ 

thing elfe, if the Configuration of its fmall 

Parts were not always the fame, and always 

folid and indivifible : which implies nothing 

elfe but always undivided ? In the Egg of a 

Fly there are Flies ad infinitum ; but if thofe 

fmall Parts, which contain fo many Flies, 

were not perfectly hard, they would certainly 

be broke in pieces againft each other, thro* 

the rapid Motion in which every thing in Na¬ 

ture is. They would be broke fo much the 

more, becaufe the fmaller Bodies are, the 

more Surface they have in Proportion. How¬ 

ever this Inconvenience does not happen : the 

Egg of a Fly always produces the Flies it 

contained ; every Seed, from that of Gold to 

that of Muftard, remains eternally the fame. 

It is therefore to be believed, that all the 

Seeds 
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Seeds of things are compofed of Atoms al¬ 

ways undivided, of which the Subfiances of 

every Thing confift 5 but it is not fufficient 

to point out this great Truth, to which the 

Obfervation of the Rays of Light has led us; 

we mud: demon Urate it, and prove in the 

flridtell: Manner, that Atoms phyfically in- 

divifible neceffarily exift * ; which is what 

we proceed to fhew in the following Chapter* 

* He means not Atoms that have no Parts, but that 
the Parts are not feparable, as pag. 111. line 12. 

I°9 
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Troof of 
the Exif- 
tence of A- 
toms. 

CHAP. X. 
Proofs that there are indivifible Atoms^ 

and that the fimple Particles of 

Light are Atoms of that kind. Dif- 

coveries continued. 

WE have already feen how extremely 

porous all Bodies are. Water itfelf, 

which is but nineteen times lefs heavy than 

Gold, paffes however thro’ its Pores, tho’ the 

mo ft folid of Metals. There is no Body, 

which has not incomparably more Pores than 

Matter: but let us fuppofe a Cube, if you 

pleafe, which has as much apparent Mat¬ 

ter as it has Pores: by this Suppohtion then 

it will actually have only half the Matter it 

appears to have * ; but each Part of this Bo¬ 

dy being in the fame Cafe, and lofing in like 

manner the half of itfelf, this Cube then, 

by this fecond Operation, will be only the 

fourth Part of itfelf; in Confequence it will 

have only the fourth Part of the Matter it 

feems to have. Dividing in this manner each 

Part of each Parr, the eighth Part of the 

* If the Matter be actually one half and the Pores the 
other halt, the Matter hath no Pores, and there is an End 
of it. 

Matter' 
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Matter will remain, 

tinned ad infinitum, 
This Progreffion con- 

and the Divifion carried 

on thro’all Degrees of Infinite, the End of 

the encreafing of the Pores will be Infinity 

nnd the End of the Diminution of Matter 

will be nothing. Therefore if Matter could 

be phyfically divided ad infinitum., it would 

be found, that there would be nothing but 

Pores and no Matter. Matter then, fuch as 

it is, is not in reality phyfically divifible ad 

infinitum : Therefore it is evident, that there 

are mdivifible Atoms, that is to fay. Atoms 

which will never be divided, as long as the 

prefent Conditution of the World fubfids. 

Let us confider this Demondration in a 

dill more palpable manner. I am come by 

my Divifion to the two lad Pores: there ei¬ 

ther is a Body between them, or there is 

not, if there is not, there was then no Mat¬ 

tel ; if there is, that Body is then without 

Pores. 1 fay it is without Pores; bccaufe I 

am come to the lad Pores, this Particle of 

Matter is therefore actually indivifible. 

Moreover, this Proportion ought not to 

appear contradictory to Geometrical Demon- 

dration, which proves a Line divifible to In- 

dnity. Thefe 
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« Thefe two Proportions, which feem to 

Matter deftroy each other, agree very well together. 
does not 

■preventthe Geometry has for its Object the Ideas of the 

Mi"d. A Geometrical Line is a Line in 

Idea, always divilible in Idea, as a numeri¬ 

cal Unity is always reducible into as many 

Unites as I think fit to conceive. I can di¬ 

vide the Unity of a Foot into an hundred 

thoufand millions of millions of other Unites; 

but then I can always confiderthe fame Foot 

as a tingle * Unity. 

Points without Lines, Lines without Su¬ 

perficies, Superficies without Solids, the Infi¬ 

nite i, the Infinite 2, the Infinite 3, are in 

reality the Objects of certain Geometrical 

Proportions : but it is no lefs certain that 

Nature cannot produce Superficies, Lines, or 

Points, without Solids. It is no lefs indif- 

putable, that a Line in Geometry is divifible 

to Infinity; it is alfo certain, that there are 

* Mr* de Malefieu, in the Duke of Burgundy’s Geo¬ 
metry, has not fufficiently confidered this Truth, p ny 
He finds Contradidtion where there is none. He asks as a 
Queltion not to be folved, whether a Foot of Matter be 
one Subftance, or many ? It is certainly one Subftance 
when confidered as a Cubick Foot. But it is feventeen 
hundred and twenty-eight Subftances, when divided into 

indivifible 
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indivifible Bodies in Nature, that is to fay, 

undivided Bodies, Bodies which will remain 

iuch, as long as the prefent Conditution of 

Things fubfids. 

Let us hold therefore as certain, that there 

are Atoms. Each condiment Part of a fim- 

ple coloured Ray, may be confidered as an 

Atom ; each of thefe Atoms is of Weight; 

it is the different Attradion, which caufes 

the different Refradion. Let us conceive, 

that the mod; refrangible of thefe Atoms are 

alfo the mod: redexible, and that as they are 

refraded in Proportion to their Attradion 

towards the mod: aduating Medium, it fol¬ 

lows, that they are rededed in Proportion to 

the fame Attradion. It is eafy to know at 

this time, that the violet Ray, for Indance, 

which is the mod: refrangible, is always the 

fird: rededed on quitting the Prifm which 

has received all the Rays. Newton made 

this Experiment by the help of four Prifms, 

with a Sagacity and Indudry worthy of the 

Difcoverer of fo many Truths, 

I fhall here give the mod: fimple of his 

Experiments. 

The 
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Important 

Experi¬ 

ments. 

The Elements of 

The Priini has thrown the feven Colours 

upon the Paper: turn the Prifm upon itfelf 

in the manner A, B, C, and you will pre- 

fently have the Angle, according to which 

all Light will be reflected from the inflde to the 

outfide of the Priim, inftead ot being thrown 

upon the Paper: as loon as you begin to ap¬ 

proach that Angle, you fee on a hidden the 

violet Ray quit the Paper, and rife to the 

Cieling. After the violet, the purple does 

the fame, af ter the purple the blue; and fo on, 

till the red quits its place upon the Paper lad, 

and is reflected on the Cieling in its turn. Every 

Ray therefore is the more reflex ible in pro¬ 

portion as it is more refrangible: in Confe 

quence the fame Caufe produces Reflection 

and Refraction, 

Now the folid Part of the Glafs occafions 

neither this Refraction, nor this Reflec¬ 

tion : once more then thefe Properties have 

their Rife in fomeother Caufe than thelmpuL 

fion, known to us upon the Earth. There is 

nothing to be faid againft thefe Experiments 4 

we mui* hibmit. to them however tenacious 

we are again It Evidence. 

Matter 
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Matter might be taken even from Newton's 

Experiments to form fome Difficulties againft 

the Laws he eftablifhes. One might tell Objtaion. 

him, for Instance : you have proved that no 

known Impuliion of Body can produce either 

the Refraction or Reflection of Light, becaufe 

it is refraCted in Pores, and reflected in Void: 

you have told us, that there is a Power in 

Nature which makes all Bodies tend towards 

each other ; and till you (hew us, as you have 

promifed, the Laws by which that Power 

aCts, we conceive, that it mull aCt in EfFeCt 

upon all Matter, and that the fmalleft Bodies 

imaginable muff be determined in the fame 

manner by this Power, as the greateft Bo¬ 

dies poffible: you have told us, that one of 

the Laws of this Power is to aCt upon all Bo¬ 

dies according to their Quantity or Subftance; 

and we confefs that to be very probable; 

but do not your own Experiments contradict 

this Syftem ? Water has much more Solidity 

or Subftance than Spirits of Wine, or Spirits 

of Turpentine ; it however attrads the Rays 

of Light lefs; thofe Rays are not fo much 

refraCted in Water as in Spirits of Wine; 

this Power of Gravitation and Attraction 

there- 
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therefore does not ad, as you tell us, accor¬ 

ding to Quantity or Subdance. 

Why Flu. This Objedion, far from making the 

idsofkf Truth ot the new Difcoveries doubtful real- 
n eight , J 

than Wa- ly confirms it. To anfwer it clearly let us 

Light confider, that all Bodies tend towards the 

Center of the Earth ; that they all fall in the 

Air with a Force proportioned to their Mafs 

or Subdance 5 but if befides this Force ano¬ 

ther be applied to them, they will move 

with gieatei Velocity than they have from 

their own Weight. This is the Cafe of the 

Rays of Light when they enter Bodies alrea¬ 

dy full of fiery Particles, which are nothing 

but Light itfelf retained in their Pores. 

Thefe Atoms of Fire, which actually refide 

in certain fulphurous and tranfparent Bodies, 

encreafe the Refradion of Light towards a 

perpendicular Line, as a new Force applied 

to it: it happens in this Cafe, as in that of 

a Toich jud put out and dill fmoakino* • it 

will light again at a certain diilance front ano¬ 

ther lighted Torch. 

ft is entirely as natural for the Rays of 

Light to enter with Eafe into the fulphurous 

Spirit of Turpentine, as for the Flame to 

catch 
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catch the fmoaking extinguished Torch; 

now a new Caufe added to Refradion necef- 

farily augments it. 

Beiides which Re-adion is always equal to 

Adion : Sulphurous Bodies are thofe on 

which Fire, that is nothing but Light, ads 

with gieateft Force ; thofe Bodies therefore 

mud; alfo ad upon, break and refrad Light 

more than any other. 

Let us here obferve, that this Attradion JuraMon 

inherent in Matter, does not extend univer- extend to 

fally, and produce all Effeds. The Myftery %*e0ff~ 

of Light refleded from the midft of Pores, Ligbt' 

and from above Surfaces without touching 

them, has Depths which the Laws of At¬ 

tradion cannot fathom : only Quacks boa ft 

of Univerfal Medicines; and he would be a 

Quack in Philofophy, who fhould refer every 

thing without Proof to the fame Courfe: 

the fame Force of Mind, which enabled 

Newton to difcover the Power of Attradion, 

made him confefs that that Power was far 

from being the foie Agent of Nature. 

It is true, that the moft refrangible Ray 

being the moft inflexible, is an evident Proof, 

that the fame Power operates the Reflection, 

Refrac- 
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Refraction, and Acceleration of the Rays in 

the Glafs, &c. but however, the Force of 

Attraction teems to have nothing in common 

with other Phenomena. There are efpecial- 

]y Vibrations of Rays, alternative Dartings 

of Light, backwards and forwards over 

Bodies, which could not be explained by Gra¬ 

vitation 3 but thefe new Difficulties Newton 

himfelf did make. He has not only diico- 

vered the Myfteries, which Gravitation re¬ 

veals, but others, which it does not reveal. 

Thefe alternative Dartings of the Reflection 

of Light, are one of the Secrets of Nature, 

which, it is afloniffiing, human Eyes have 

ever been able to perceive. 

We fhall Ipeak of this Singularity in its 

Place in the thirteenth Chapter; let us con¬ 

tinue our view of the EffcCts of Refrangibi- 

iity* The Rainbow is one, and the moft 

conflderable of its Effects, which we proceed 

to explain in the following Chapter. 

CHAP. 
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CHAP. xr. 

Of the Rainbow j that Phenomenon a ne~ 

cejfary Effect of the Laws of Re- 
frangibility. 

Tkf E Rainbow, or Ins, is a 11 cccftjrv Mecha- 

Effed: of the Properties of Light, of lf£f 

which we have juft been fpeaking. There is "w 

nothing in the Writings of the Greeks, Romans a‘An' 

or Arabians, that gives us reafon to believe, 

they knew the caufe of this Phenomenon. 

Lucretius fays nothing of it, and by all the 

Abfurdities, which he vents in the Name of 

Epicurus upon Light and Vifion, it appears, 

that his Age, fo polite in other Refpe&s, was 

profoundly ignorant in Point of Phyficks. 

They knew, that to fee what we call the 

Rainbow, or Iris, a thick Cloud is neceffary, 

dilfolving in Rain before the Rays of the Sun; 

and that our Eyes fhould be between that 

Star and the Cloud, Mille trahit varios ad- 

verfo foie Colores, but this was all they knew; 

no-body imagined either why a Cloud exhi¬ 

bited Colours, how the Nature and Order of 

thofe 
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thofe Colours are determined, or wherefore 

we always lee that Phenomenon under the 

Form of a Semi-circle. 

Albertus, fur named Magnus the Great, 

becaule he lived in an Age wherein Men 

were very little, imagined that the Colours of 

the Rainbow proceeded from a Dew between 

us and the Cloud, and that thofe Colours re- 

ceived upon the Cloud, weie tranfmitted by 

it to us. A on will obferve befides, that this 

Alber ins Magnus believed, with all the Schools, 

that Light was an Accident. 

b hop An- ^ length the celebrated Antonio de Dominis, 

r Archbifhop of Spalatro in Dalmatia, expelled 

Mlthe, from his Fiihoprick by the Inquifition, about 
firji, nxho , 1 
explained tne i ear J 59°, wrote his little Freatife, De 

b<nv. Da dm Lucas C? de bade, which was not 

printed at Venice till twenty Years after. He 

was the firfl who fhewed, that the Rays of 

the oun, reflected even .from the inner Part 

ot Diops of Rain, formed thofe Colours, that 

appeared in the Bow, which feemedan inexpli- 

cable Miracle ; he rendered the Miracle Na¬ 

tural, or rather he explained it bv new Pro¬ 

digies of Nature. 

His 
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His Difcovery was fo much the more An¬ 

gular, as m other Refpefts he had very falfe 

Notions of the manner in which Vjfion is 

performed. He allures us in his Book, that 

the Images of Objefts are in the Ball of the 

f n, and that there is no Refraffion in it : a 

Notion lingular enough for a good Philofo- 

pher! He had difcovered Refradfions, un¬ 

known before, in the Drops of the Rainbow, 

and denied thofe operated in the Humours of 

the Eye, of which himfelf began the Demon- 

(I a r ion ; but letus leave his Errors to examine 

the I ruth he difcovered. 

He faw with a Sagacity very uncommon 

in thofe Days, that every Row or Circle of 

Drops of Ram, that form the Rainbow, mult 

tranfmit the Rays of Light in different An¬ 

gles, healfofaw, that the difference of thofe 

Angles mu ft occafton that of the Colours: he Hu Expe. 

tound means to meafure the Magnitude of ^ ^ 

thofe Angles : he took a very tranfparent 

Cryftal Ball which he filled with Water, and 

hung up at a certain Height expofed to the 

Rays of the Sun. 

Dcjcartss) who followed shit on w Down- imitated 

ms, and rectified and furpaffed him in fome cartes! 

things. 
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things, and who perhaps ought to have quo¬ 

ted him, made alfo the fame Experiment. 

When this Ball is fufpended at fuch an 

Height, that the Ray of Light, which falls 

from the Sun upon the Ball, makes an Angle 

with the Ray, that falls from the Ball to the 

Eye, of forty two Degrees two or three Mi¬ 

nutes, the Ball always exhibits a red Colour. 

When that Ball is fufpended a little lower, 

and thofe Angles are fmaller, the other Co¬ 

lours of the Rainbow appear fuccedively in 

fuch a manner, that the greateft Angle in 

this Cafe forms the red, and the fmallefl of 

forty Degrees feventeen Minutes forms the 

violet. This is the Foundation of the 

Knowledge of the Rainbow; but at the 

fame time it is only the Foundation of it. 

Refi an- 
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Refrangibility alone explains a Phaenome- Re/rangi. 

non fo common, fo little known, and of%%% 

which few Beginners have a clear Idea : let ^the 

us endeavour to render the thing obvious to 

all the World. Let us fufpend a Ball of 

Cryftal full of Water, expofed to the Sun : 

let us place ourfelves between the Sun and it; 

wherefore does this Ball tranfmit Colours to 

me, and wherefore particular Colours ? Great 

quantities of Light, millions of Groups of 

Rays, fall from the Sun upon this Ball: in 

each of thole Groups there are primitive Rays 

homogeneous Rays, many red, many yel- 

!ow, many green, &c. all which break at 

their Incidence into the Ball, each different¬ 

ly and according to its Species, and the Place 

in which it enters. 

You already know that the red Rays are 

the lead: refrangible; the red Rays of a cer¬ 

tain determinate Group will therefore unite 

at a certain determinate Point at the bottom 

of the Ball, whild: the blue and purple Rays 

of the fame Group will do the fame elfe- 

where. Thefe red Rays will allb quit the 

Ball at one place, and the green, blue, and 

purple at another. This is not enough. We 

mud: 
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mull examine the Points, where thofe red 

Rays fall in entring the Ball, and in quitting 

it to come to the Eye. 

To make this as clear as pofiible, let us 

conceive this Ball, as it really is, an Afiem- 

blage of an infinite Number of plane Super¬ 

ficies j for the Circle being compofed of 

Right-points infinitely fmall, the Ball is only 

an Infinity of fuch Superficies. 

The red Rays A, B, C, fall parallel from 

the Sun upon thofe three fmall Superficies. 

Is it not true that each of them breaks ac¬ 

cording to its Degree of Incidence ? Is it not 

man a 
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manifeft that the red Ray A, falls more ob¬ 

liquely upon its little Superficies, than the 

led Ray B doth ? Thus both come to the 

Point R, by different Ways or Directions. 

The red Ray C, falling upon its little Su¬ 

perficies Rill lefs obliquely than the two for¬ 

mer, is much lefs broke, and arrives alfo at 

the Point R, with very little Incurvation. 

I have now three red Rays, that is to fay, <rhat Pha. 

three Groups of red Rays, which terminate ™me.non 
. r . explained. 

at the fame Point R. 

At this Point R, each of them makes an 

Angle of Reflection equal to its Angle of 

Incidence, each is broke at emerging from 

the Ball in a Line removing from the Per¬ 

pendicular of the new little Superficies it comes 

to, in the fame manner as each is broke at 

its Incidence in Lines, approaching each o- 

ther, to their Perpendiculars; all therefore re¬ 

turn parallel, and enter the Eye according 

to the opening of the Angle peculiar to the 

red Rays. 

If there be a fufficient quantity of thefe 

homogeneous red Rays to move the optick 

Nerve, we mu ft indifputably have the fen- 

fation of red. 

Thefe 
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Thefe Rays A, B, C, are termed the via¬ 

ble and operative Rays of the Drop of Rain ; 

for each Drop has its vifible Rays. 

There are thoufands of other red Rays, 

which falling upon other little Superficies of 

the Ball, higher and lower, or which falling 

on the fame Superficies at another Obliquity, 

do not terminate in R; thefe are loft to you, 

but will be feen by other Eyes placed higher 

or lower. 

Abundance of orange, green, blue and vio¬ 

let Rays have fallen indeed with the vifible 

red ones upon the Superficies A, B, C; but 

you cannot receive them. You know the 

reafon, which is their being all more refran¬ 

gible than the red Rays: it is becaufe in en¬ 

tering all at the fame Point, each of them 

takes a different Path in the Ball • as they are 

all more broken, they come below the Point 

R, and break alfo more than the red ones in 

quitting the Ball. The fame Power, which 

in the infide of the Ball made them approach 

in a Line more remote from the Perpendicular 

of each Superficies, difperfes them therefore 

more at their return into the Air: they all 

return therefore above the Eye, but lower 

the 
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the Ball, and the Angle becomes lefs. Let 

this Angle be of forty Degrees and about 

feventeen Minutes, and you will fee no Co¬ 

lour but the violet. 

There is no-body who upon this Principle 

may not eafily conceive the Dodrine of the 

Rainbow; imagine feveral Rows or Circles 

of Drops of Rain; every Drop has the fame 

Effed as this Ball. 

Cad your Eye upon the Bow R, V, P, 

and to avoid Confulion, confider only three 

Rows of Rain-drops, three coloured Circles. 

I27 

It is vifible that the Angle P, 0, L, is lefs 

than 
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than the Angle V, o, L, and that the Angle 

R, o, L, is the greateft of the three. The 

greateft Angle of the three is therefore that 

of the red primordial Rays: that in the mid¬ 

dle is that of the primitive greeny and the 

leafl P, o, L, is that of the primitive purple. 

We therefore muft fee the Rainbow red on its 

external, green on its middle, and purple and 

violet on its internal Circles. Obferve only, 

that the laft Circle, the violet, is always 

tinged with the whitifh Colour of the Cloud 

in which it lofes itfelf. 

It is eafy to conceive then, that we fee the 

Drops only in the operative or vifible Rays, 

which come to the Eye after one Reflection and 

two Refractions in determinate Angles. If we 

change the place of the Eye, and inftead of 

being in o, bring it to t, we fee the fame 

Rays no longer: the Circle which before was 

red is now become orange or green, and fo 

on with the reft : at every Motion of the 

Head you fee a new Iris. 

This firfb Rainbow being well underftood, 

we fhall eafily comprehend the fecond, which 

is generally feen encircling the firfl, and which 

is called the falfe Rainbow, or faint Bow, 

be- 
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becaufe its Colours are not fo lively, and are 

reverfed in their order to thole of the other. 

For the Appearance of two Rainbows, it 

fuffices that the Cloud which forms them be 

fufficiently thick and extended. That Bow 

which appears above the firiT and furrounds 

it, is formed in like manner by the Rays, 

which the Sun darts into the Rain-drops, and 

which are broken and reflected in them in 

fuch a manner, that each Row of Drops 

tranfmits alfo primitive Rays to the Eye; 

this Drop a red, and that a violet Ray. 

But every thing in this great Bow is the 

reverie of what paffes in the fmaller; how 

comes that ? It is becaufe your Eye, that 

receives the fenfible or operative Rays of 

the fmaller Bow, which fall from the Sun 

into the upper Part of the Drops, receives on 

the contrary the Rays of the greater Bow 

from the lower part of the Drops. 

You perceive, that the Drops of Water of 

the fmaller Bow receive the Rays of the Sun 

upon the upper part of each Drop; the 

Drops of the greater Bow on the contrary 

receive the Rays, that reach them, on their 

lower part. Nothing in my Opinion will be 

I 29 

Two Rain 

bows. 

more 
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more eafy to conceive, than the manner in 

which the Rays are twice refle&ed in the 

Drops of the great Rainbow, and how thofe 

Rays twice refra&ed and twice refle&ed ex¬ 

hibit an Iris reverfed in the order of its Co¬ 

lours, and fainter than the former. You 

have juft feen that the Rays enter thus into 

the little lower Part of the Drops of Water 

of this exteriour Iris. 

A number of Rays fall on the Superficies 

of the Drop in G, a part of thofe Rays are 

refra&ed there within, and another fcattered 

without; thus the Eye has already loft part 

of thofe Rays. The Part refra&ed comes to 

H, 



f2 0. 



* 

* 



NewtonV Philofophy. 

H, one half of this Part is difperfed in the 

Air on quitting the Drop, and is again loft 

to the Eye. The little that remains in the 

Drop is tranfmitted to K, there a Part of it 

efcapes again: this is a third Diminution. 

What has remained of jt in fC is transferred 

to M, and on this Emergence to M, a Part 

of it is again diffipated: fourth Diminution 5 

and what remains comes to the Eye at laft in 

the Line M, N. Thus therefore we fee in 

this Drop as many Refractions as in the 

Drops of the fmaller Bow; but there are, as 

we have fhewn, two Reflections inftead of 

one in this greater Bow. Twice the Light 

therefore is loft in the greater Bow, in which 

the Light is twice reflected, whilft lefs by one 

half is loft in the fmaller Bow, where the 

Drops 



13 2 'The 'Elements of 

Drops are once reflected. It is therefore de- 

monftrated, that the exteriour Rainbow muft 

always be fainter by one half in its Colour 

than the fmaller within it. It is alfo demon- 

ftrated by the double Reflection of the Rays, 

that they muft come to the Eye in a manner 

oppofite to that of the firft Bow, for your 

Eye is placed in O. 

In this place O, it receives the lcaft refran¬ 

gible Rays of the firft exteriour Circle of the 

fmaller Bow, and mult receive the molt re¬ 

frangible of the firft Circle of the fecond 

greater Bow; thefe moft refrangible Rays 

are the violet. Thus then we have here the 

two Rainbows in their natural Order, giving 

them only three Colours to avoid Confufion. 

'homenon* ^ onty remains for us to know wherefore 

//rr« th°fe Colours are always perceived in a cir- 
Semi-dr- cular figure. Confider this Line O Z 
cular Fi- rr i * * 
gure. which panes thro your Eye. Conceive the 

two Balls R, V, to move always at equal 

Diftances from your Eye; they will de- 

fcribe the Bafes of Cones, of which the 

Points will always be in your Eye. 

Con- 
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Conceive that the Ray of the Drop of Water 

R, coming to your Eye o, turns round this 

Line o, Z, as round an Axis, making always 

an Angle with your Eye of forty-two Degrees 

two Minutes3 it is plain this Drop will de- 

fcribe a Circle, which will appear red. Sup- 

pofe the other Drop V, to turn in the fame 

manner, making always another Angle of 

forty Degrees feventeen Minutes, it will form 

violet Circle 3 all the Drops therefore in this 

Plan will form a violet Circle, as thofe in the 

Plan of the Drop R, will a red one. We 

fee therefore this Iris as a Circle, but not as 

an entire Circle 3 becaufe the Earth cuts it, 

we fee only an Arch, the Se&ion of a Circle. 

Neither Antonio de Dominis nor Defcartes 

could penetrate any farther into mod of thefe 

Truths: 
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Tmths: they could not dilcern wherefore 

thefe different Angles exhibited different Co¬ 

lours ; but it was a great deal to have dif- 

covered the Art. The Perfection of Arts are 

feldom owing to the firft Inventors. Not 

being able therefore to guefs that Colours de¬ 

pended on the Refrangibility of Rays, that 

each Ray contained a primitive Colour in it- 

felf, thatthe different Attraction of thofe Rays 

was the caufe of their different Refrangibility, 

and occafioned thole Removals which form¬ 

ed the different Angles, Defcartes abandoned 

himfelf to his Spirit of Invention to explain 

the Colours of the Rainbow. In order to 

this he employed the imaginary whirling 

round of Globules and his Tendency to whir¬ 

ling round; Proofs of Genius, but Proofs of 

Error. Thus to explain the Syflole and Di- 

ciflole of the Heart, he imagined a Motion 

and Conformation of that Organ, of which 

all Anatomifts have admitted the Falfity. 

Defcartes would have been the greateft Phi- 

lofopher of the World, if he had invented 

CHAP. 
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CHAP. xir. 
New Difcoveries touching the Caufe 

of Colours, which confirm the pre¬ 

ceding DoSlrine, Demon fir at ion that 

Colours are occajioned by the Dcnlity 

and Bhicknefs of the Parts of which 

Bodies are compofed *. 

TT refults then, from what has hitherto 

been faid, that all Colours proceed from 

the Mixture of the feven primitive ones, of 

which the Rainbow and the Prifm give us 

a diftinCt View. 

The Bodies that are moft proper to reflect 

the red Rays, and whofe Parts either abfoib 

or tranfmit the other Rays, will be red ; 

and in like manner of the reft. The Mean¬ 

ing of this is not, that the red Rays are actu¬ 

ally reflected by the Parts of thefe Bodies; but 

that there is a Power, a Force hitherto un¬ 

known, which reflects thele Rays from about 

the Surfaces of Bodies, and the Cavity of 

their Pores. 

Colours then are in the Rays of the Sun, 

* Or as in pag. 137, line 2, the Thicknefs of the Parts 
that compote the Surfaces only, and pag. 138, line ic, 
and pag. 140, line 13. 

J35 

and 
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and return to us from the Surfaces and Pores 

A more of Bodies, and from the Vacuum. Let us 
minute In¬ 

quin con- now enquire in what the apparent Power 

'theForma- of Bodies to reded thefe Colours confids, 

tun,00' w^iat occaflons Scarlet to appear red, why 

the Meadows are green, and why a clear 

Heaven is blue: For to fay that this pro¬ 

ceeds from the Difference of the Form of their 

Parts, is to advance an indeterminate No¬ 

tion, that makes us never the wifer. 

A childifh Diverfion, that feerns to have 

nothing in it but what is contemptible, gave 

Sir Ifaac Newton the fird Idea of thefe recent 

Great Truths which we are now to explain. Every 

drawn Thing to a Philofopher may be a Subjed of 

^common Meditation, and nothing is defpicable in his 

Experi- Eyes. He perceived, that in thole Bubbles 
ment. 

of Soap and Water that are blown up by 

Children, the Colours changed every Mo- 

ment, paffing downwards fucceflively from 

the Top of the Bubble, in proportion as the 

Thicknefs of it diminiQied, till at lad the 

Weight of the Water and Soap, which dill 

fall to the Bottom, breaks the Equilibre of 

that light Sphere, and caufes it to vanifh. 

He prefumed from hence, that Colours 

might 
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might probably depend on the Thicknefs of 

the Parts that compofed the Surfaces of Bo¬ 

dies j and to allure himfelf of it, he had re- 

courfe to the following Experiments *. 

Let two Glades touch one another in a AnExpen 

fingle Point. They need not be both convex ; sir Haze 

it is fufficient that the fird is fo, and that it 

be placed upon the other in this manner. 

Let Water be put between thefe two 

Glades, to render more fendble the Experi¬ 

ment which is made at the fame Time in 

the Air. When the Glades are preded a 

little againd each other, a fmall, tranfparent, 

black Spot appears at the Point of their Con¬ 

tact. From this Point, furrounded with a 

little Water, coloured Circles form themfelves, 

in the fame Order and Manner as in the 

Bubble of diluted Soap. In a Word, by 

meafuring the Diameter of thefe Circles, and 

the Convexity of the Glafs, Sir lfciac Newton 

determined the different Thicknefs of the 

* There feems to be a difference between the Parts of 
Gold or Scarlet Cloth, and Bubbles of Water that are hol¬ 
low and tranfparent. 

Por- 
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Portions of Water which gave thefe diffe- 

Colours de- rent Colours, In particular, to reflect white 

?bfc&ne/sof Rays, he found that the Thicknefs requifite, 

If Bodies was about the 250,000th Part of an Inch, 

vot-zoitk- that is, about four fuch Parts of an Inch as 
J.landing 

that thefe the Divilion of it into a Million would pro- 
Parts re- 

pa not the duce. The azure Blue, and the Colours bor- 

^hepelves. Bering upon a Violet, depend on a Thick¬ 

nefs yet much lefs. Thus the pureft Va¬ 

pours which arife from the Earth, and which 

colour the Air without clouding it, being of 

a very thin Surface, produce that celelbial 

Blue which charms our Sight. 

This Difcovery, that Colours are attached 

to the Thicknefs of Surfaces, has been fup- 

ported by other Experiments, no lefs curious 

than what we have now mentioned. 

The fame Body that was green, when it 

was fomewhat thick, has become blue, when 

it has been rendered thin enough to reflect 

nothing but blue Rays, and to tranfmit all 

the others. Thefe Truths, of fo delicate a 

Refearch, and which feem to withdraw 

themfelves from human Sight, deferve well to 

be clofely purfued : This Part of Pbilofophy 

is by a Microfcope, with which the Mind dis¬ 

covers Magnitudes infinitely fmall *. All 

* But not the Atoms in the R.ays of Light, 
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All Bodies are tranfparent - we have only 

to reduce them to a proper Tenuity, and 

then the Rays of Light, finding but a thin 

Plate, but a Leaf to pafs thro’, make their 

Paffage accordingly. Thus when a Leaf of 

Gold is placed againfl a fingle Hole in a dark 

Room, it refle&s from its Surface the yellow 

Rays, which cannot pafs thro’ its Subfiance, 

and tranfmits green Rays into the Room ; fo 

that Gold then produces a green Colour. 

This is a farther Confirmation of what was 

before advanced, that Colours depend on the 

Difference of Denfities. 

A yet flronger Proof of the fame thing, 

is in the Experiment of the two Glaffes, 

which are made to touch in a convex Point : 

The Water here is not the only Element 

that produces different Colours according to 

its different Denfities; the Air produces the 

fame Effedt, only the coloured Circles that 

it makes between the two Glaffes, have a 

larger Diameter than thofe of the Water. 

There is a fecret Proportion therefore, efla- 

blifhed by Nature, between the Force of the 

conflituent Parts of all Bodies, and the pri¬ 

mitive Rays which colour thofe Bodies: The 

thinnefl 

13 9 
All Bodies 

are tranf¬ 

parent. 

A Proof 

that Co¬ 

lours de¬ 

pend on 

Thicknejfes. 
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And that 

neajerthe- 

lefs, the 

folid Parts 

do not re- 

jiedi the 

Light. 

7lee Elements of 

thinneft Bodies give the mod: feeble Colours, 

and to reflect a Black, the fame Thicknefs, or 

rather the fame Tenuity, the fame Thinnefs 

is requifite, as that which conftitutes the 

very Top of a Bubble of diluted Soap, in 

which a little black Spot is perceived ; or 

even the fame as is in the Point of Contact 

between the convex and the flat Glafs, which 

Contact produces alfo a black Spot. 

But once more; It muft not be imagined 

that Bodies reflect the Light by their folid 

Parts, becaufe we have (hewn that Colours 

depend on the Denflty of thefe Parts: There 

is a Power attached to that Denflty, a Power 

that adls near the Surface ; yet it is not in 

the leaft the folid Surface, that repells, that 

reflects. This Truth (hall be more fenflbly 

demonftrated in the following Chapter, than 

it has hitherto been. It feems to me, that 

the Reader (hould by this Time be arrived at 

a Point, where nothing ought to furprife him 

for the future: But what he has juft been 

feeing will lead him farther than he may 

imagine ; fo many Singularities being, if we 

may ufe the Expreflion, but the Frontiers of 

a new World. 

CHAP. 
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CHAP. XIII. 

Confequences of thefe Difcoveries. The 

mutual ASlion of Bodies upon 

H E Reflection of Light, its Inflection, 

its RefraCtion, its Refrangibility be¬ 

ing known, the Origin of Colours being dis¬ 

covered, and even the neceflary Thicknefs of 

Bodies to occafion certain Colours being de¬ 

termined j it remains that we fhould exa¬ 

mine two more Properties of Light, not lefs 

new, nor lefs furprifing than the reft. The 

fir/t of thefe Properties is that Power itfelf 

which aCts near the Surfaces of Bodies, and 

which is a mutual Action of the Light upon 

Bodies, and of Bodies upon the Light. The 

fecond is a Refemblance which is found be¬ 

tween Colours and the Notes in Mufick, be¬ 

tween the Objects of the Sight and thofe 

of the Hearing. We proceed to render an 

Account of thefe two miraculous Qualities: 

and with this Account we fhall finifh our 

Introduction to Sir IJaac Newtons Opticks. 

You 
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fingular 
Experi¬ 

ment. 
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You have feen that two Glades, touching 

one another in a Point, produce Circles or 

Rings of different Colours, as red, blue, green, 

white, &c. Make the Trial of thefe Glades 

in your dark Room, where you made the 

Experiment of the Prifm expofed to the 

Light that comes in on it through a Hole. 

You remember, that in this Experiment of 

the Prifm you faw the Decompofition of 

Light, and the Anatomy of its Rays: You 

placed a Sheet of white Paper over againft 

the Prifm, which Paper received the feven 

primitive Colours, every one in its proper 

Order. Now expofe your two Glades to 

one of the coloured Rays, which you pleafe, 

as reflected from the Paper; you fhall al¬ 

ways fee that coloured Circles will form them¬ 

selves between thefe Glades, but that thefe 

Circles will then be of the Colour of the 

Rays which are reflected to you from the 

Paper. Hold up your GlafTes, forlnftance, 

to the Light of the red Rays, and you fhall 

have red Circles only between them: But, 

what is very furprizing, between every one 

of thefe red Circles there will be a Circle 

quite black. To clear up this Matter, and 

the 
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the Singularities that are attached to it, yet 

more peifectly, take your Glades from the 

Paper, and prefent them to the Prifm itfelf 

in fuch a manner as that one of the Rays 

which efcape from the Prifm, a red one for 

Example, may fall upon the Glades; dill red 

Circles only will form themfelves between 

the black ones: then put the Sheet of Paper 

behind your Glades, and every black Ring 

will produce a red one on the Paper, and 

every one that is red when reflected towards 

you, will produce a black one on the Paper. 

It refults from this Experiment, that the Air 

or the Water which is between your Glades, 

refledfs the Light in one Place, and in another 

lets it pafs, or tranfmits it. I confefs, 1 can¬ 

not here diffidently admire that Depth of Pe¬ 

netration, that Sagacity more than Human, 

with which Sir Ifaac has purfued thefe im¬ 

perceptible Truths; he was fatisfied of thefe 

wonderful Propofitions, even by Meafure 

and Calculation. 

At the Point of Con tad of the two Glades, 

you fee no Reflection of any Light: immedi¬ 

ately after this ContaCt, the firffc and thinned: 

Body of Water or Air, that touches the black 

Point, 

*43 
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Point, produces a Refledion: the Water or 

Air of a fecond Degree of Denfity, that is, 

twice as thick as the fird, refleds nothing: 

that of the third, which has thrice the Den¬ 

fity of the fil'd, refleds: that of the fourth 

Degree, like the fecond, does not refled: that 

which has five Times the fird Thicknefs, 

tranfmits: that which has fix, tranfmits no¬ 

thing. So that the black Circles follow in 

this Progreflion, o, 2, 4, 6, 8, and the co¬ 

loured and luminous ones in this, 1, 3, 5, 

7> 9* 
Confequen- What pafles in this Experiment, happens 

oftbe/e r . r > rr 
Expert- in like manner in other Bodies, which all re- 

mentl' fled one Part of the Light, and receive ano¬ 

ther Part of it into their Subdances. This 

Property then is fully demondrable to the 

Min^d, and even to the Sight, that it is not 

the folid Surface which refleds the Light. 

For, in fliort, if folid Surfaces did really re¬ 

fled ; id, The Point of Contad, in the two 

Glades would have this Quality, and not be 

obfcure, as we fee it. 2dly, Every folid Part, 

which gave you only one fort of Rays, ought 

alfo to have given you every Species of them. 

3dly, The folid Parts would not tranfmit the 

Light 
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Light in one Part, and refledt it in another; 

for being all folid, they would all refle<fl. 

4thly, If Light was refletfted by folid Parts, 

it would be impoflible to fee one’s felf in 

a Looking-glafs, as we have before faid; 

becaufe the Glafs being rugged and uneven, 

could not fend back the Light in a regular 

manner *. It is indubitable then, that there is 

a Power acfting about Bodies, without touch¬ 

ing them, and that this Power adds between 

thefe Bodies and the Light. In a Word, far 

from ftriking on the Bodies themfelves, and 

rebounding back to us, we have realon to 

believe that the greateft Part of the Rays of 

Light which impinge againft folid Parts, 

remain there, are there loft, are there ex- 

tinguilhcd. 

This Power, which a<fts about Surfaces, 

acts from one Surface to another. It is chief¬ 

ly from the laft Surface, on the farther fide 

of a tranfparent Body, that the Rays re¬ 

bound : We have proved this before. 

* And yet it does, becaufe fmoother than other Surfaces, 
though many Rays are loft by fome Degrees of Rugged - 
nefs j but if there be no Contadt, no,matter whether 
rugged or fmooth, the Power of reflecting might relide 
with the one as well as the other. 

We 

M5 
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The mutual We mufl: admit a Power then, which adts 
ASlion of 

Bodies up- upon the Rays of Light from above one 

onLight* of thefe Surfaces to the other, a Power 

which tranfmits and reflects the Rays alter¬ 

nately. This Play between Light and Bo¬ 

dies was not merely fufpe&ed by Sir Ifaac 

Newton; he has computed many thoufands 

of thefe alternative Vibrations, thefe tranf- 

mitted and refle&ed Throws. But, this Ac¬ 

tion of Bodies upon Light, and of Light up¬ 

on Bodies, leaves us yet many Uncertainties 

in the manner of explaining it. 

He who difcovered this Myflery, was not 

able, in the Courfe of his long Life, to make 

Experiments enough to aflign the certain 

Caufe of thefe Effe&s. But even tho’ by 

his Difcoveries he had taught us only new 

Properties of Matter, would not this alone 

have been a fufficient Service rendered to Phi- 

c0njec- Iofophy He conje&ured that Light flows 

Ttec/Sir from theSun> and other luminous Bodies, by- 
Newton. Starts, by Vibrations; that the firft of thefe 

Vibrations operates a Refle&ion, the fecond 

a Tranfmiflion, and fo on to Infinity. He 

had alfo prepared Experiments, which might 

conduce to fhew us wherein this Sport of 

Nature 
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Nature agrees with the Grand Principle of 

Attraction: but he had not Time to finifh 

his Refearches. He conjectured moreover, 

that there is in Nature a very elaftic and 

thin Matter, which becomes by fo much the 

more thin, as it is farther diftant from o- 

paque Bodies; that the Starts or Throws of 

Light excite Vibrations in this elaftic Matter: 

And it muft be confefled, that this Hypothecs Bat we 

accounts foralmoft all the Myfteries concern- ZtoT 

ing Light, and above all for the Attraction %rfc' 

and Gravitation of Bodies. But an Hypo¬ 

thecs, even tho’ it gives a Reafon for almoft 

every thing, ought not to be admitted. It 

is not fufficient that a Syftem be poffible to 

make it be believed ; it ought to be proved. If 

the Vortices of T)efcartes could fupport 

themfelves again/! all the Difficulties with 

which they are embarrafled, it would never- 

thelefs be neceffary to rejeCt them, becaufe 

they are merely poffible: therefore we will 

not lay any real Strefs upon the Conjectures 

even of Sir Jfaac Newton himfelf. 

If I /peak of them, it is rather to publifh 

the Hiflory of his Thoughts, than to draw 

the leaf! Conclufion from his Ideas, which 

I 
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I look upon as the Dreams of a great Man. 

He did not at all build upon them himfelf: 

He was contented with Fa<5ts, without daring 

to determine any thing concerning their 

Caules. Let us pafs to the other Difcovery, 

the Agreement which exifls between the 

Rays of Light and the Notes in Mufick. 

CHAP. 
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C FI A P. XIV. 

0/" Refemblance between the feven 

P rimitive Colours and the feven 

Notes in Mufck. 

T T was you know perceived, a very long 

Time before Defcartes, that a Prifm ex- 

pofed to the Sun exhibits the Colours of the 

Rainbow. Colours had often been feen to 

paint themfelves upon Linnen, or upon 

white Paper, in an Order which is always 

the fame. The Curious foon proceeded, from 

Experiment to Experiment, even to meafure 

the Space that is occupied by every one of 

thefe Colours. At lad: it was found, that 

thefe Spaces are the fame with regard to one 

another, as thofe of the Lengths of a Cord, 

that exprefles the feven Notes in Mufick. I 

had often heard it faid, that Newton had ta¬ 

ken from Kircher this Difcovery of the 

Analogy between Light and Sound. Kir- A very re- 

cher indeed, in his Ars Magna Lucis & Um- niUgfn 

brce, and in others of his Works, denomi- Kltcher* 

nates Sound the Ape of Light. Some Per- 

fons 
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fons have inferred from hence, that Kircher 

was acquainted with the Particulars in which 

they agree: but it is proper, to prevent a 

Miftake, to lay before the Reader what he 

fays, in his 146th and following Pages. 

Thofe, fays he, who have a loud and 

11 firong Voice, partake of the Nature of an 

<c Afs: they are indifcreet and petulant, as 

c< Afles are known to be; and this Voice 

<c holds a refemblance with the black Co- 

<c lour. Thofe whofe Voice is grave at the 

<c firft, and afterwards (harp, partake of the 

“ Ox: they are, like that Animal, dull and 

4C cholerick, and their Voice anfwers to a 

“ fky-blue.” 

He takes care to {Lengthen thefe fine Dif- 

coveries by the Teftimony of Ariftotle, This 

is all that Father Kircher teaches us, who was 

otherwife one of the greatefl Mathematicians, 

and moil Learned Men of his Age ; and it was 

thus, in a manner, that all thofe who were 

merely Scholars reafon’d at that Time. Let 

Manner of us proceed now to the Reafoning of Sir Ifaac. 

ktbf?ri Tkerc are> y°u wel1 know> feven principal 

*b!/Ze» RayS in CVery Ray of LiSkt> which kave all 
primitive their Refrangibility : every one of thefe Rays 
Colours of 1 

Ugh. hath 
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hath its Sine, and every one of thefe Sines its Pro¬ 

portions with the common Sine of Incidence; 

obferve what paffes in thefe feven primitive 

Rays, which part by dividing in the Air. 

It is not our Bufinefs here to confider, that 

even in the Glafs all thefe Rays are fcattered, 

and that every one of them there hath a diffe¬ 

rent Sine : We muft regard the Affemblage of 

Rays in the Glafs as a Angle Ray, which has 

only the common Sine A, B. But in e- 

merging from the Glafs, every one of thefe 

Rays vifibly feparating from the reft, each 

hath its different Sine ; that of red (the leaft 

refrangible Ray) is defcribed by the Sine C, 

B ; that of violet (the moft refrangible of all) 

by the Line C, B, D. 

Thefe Proportions being fettled, let us fee 

what 
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Avhat is this Agreement, no lefs exaft than 

lingular, between Colours and Mufick. Let 

the Sine of Incidence of the white Collection of 

Rays be to the Sine of Emergence of the red 

Ray, as this Line A, B, is to the Line B, C. 

The Sine given in the Glafs 

A B 

The Sine given in the Air 

B C 

Let the fame Sine of Incidence A, B, be 

to the Sine of Refra<5tion of the violet Ray, 

as the Line A, B, is to the Line C, D. 

A B 

C D, 

You perceive that the Point B is the Limit 

of the leaf! Refrangibility, and D the Limit 

of 
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of the greateft : the fmall Line B, D, con¬ 

tains then all the Degrees of Refrangi- 

bility of the feven Rays. Double now the 

Line I, D, in the Scheme anfwering B, D, a- 

bove, fo that I, may become the middle, as 

in this Figure or the Scheme annexed. 

A ICHGFEBD. 

Then the Length from A to C makes the 

red ; the Length from A to H, the orange; 

that from A to G, the yellow; that from 

A to F, the green ; that from A to E, the 

blue; that from A to B, the purple ; that 

from A to D, the violet. Now the Spaces 

here given are luch, that every Ray may be 

refradted, a fmall matter more or lefs, in e- 

very one of thefe Spaces, but can never go 

beyond the Space prefcribed it: the violet 

Ray will play between B and D, the red 

Ray between C and I, and fo of the reft; the 

whole in fuch Proportion, that if you divide 

the Length from I to D into 360 Parts, 

every Ray fhall have to itfelf the Dimen lions 

that are exhibited in the large Scheme here¬ 

unto annexed, Thefe 

JS3 



154 Elements of 

•The Ana- Thefe Proportions are precifely the fame as 

tween the thofe of the Notes in Mufick. The Length 

Mufkand of the Cord,which, being firetched, fhall found 

*s t0 Cord fhall give the Oc¬ 

tave of Re, as the Line A, I, which gives the 

red in I, is to the Line A, D, which gives 

the violet in D: fo that the Spaces which 

mark the Colours, in this Figure, mark alfo 

the Notes in Mufick. 

The greatefi Refrangibility of the violet 

anfwers to Re ; the greatefi Refrangibility of 

the purple, to Mi; that of the blue, to Fa ; 

that of the green, to Sol', that of the yellow, to 

La; that of the orange, to Si; that of the 

red, to TJt; and, in a Word, the lead: Re¬ 

frangibility of the red agrees with Re, which 

is the highefi O&ave. And one may form 

a compleat Idea of all thefe Proprieties, by 

cafiing his Eyes on the Table which I have 

drawn up, and which he will find over againft 

the Obfervations in the preceding Page. 

There is another Refemblance between 

Sounds and Colours, which is, that the moft 

difiant Rays, the violet and the red, ffcrike 

our Eyes at the fame Time, and that the 

mofi difiant Sounds, the gravefi and the 

fharpeft, 
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fharpeft, come alfo to our Ears with equal 

Velocity. I do not mean by this, that we 

fee and hear Things at the lame Diflance in 

the fame Time; for Light makes an Impref- 

fion on us, at lead: fix hundred thoufand times 

fooner than Sound ; but theSenfe is, that blue 

Rays, for Example, come not from the Sun 

to our Eyes fooner than red Rays, in like 

manner as the Sound of the Note Si does 

not reach our Ears fooner than that of the 

Note Re. 

This Analogy between Light and Sound 

gives room for a Sufpicion, that all Things 

in Nature have fecret Relations, which per¬ 

haps may be difcovered hereafter. It is al¬ 

ready certain, that there is an Agreement be¬ 

tween Feeling and Sight, fince Colours de¬ 

pend upon the Configuration of Parts *. It is 

even maintained, that there have been Per- 

fons who were born blind, that could by 

their Feeling diftinguifh the Difference be¬ 

tween white, black, and fome other Colours. 

An ingenious Philofopher has attempted to 

pufh this Relation between Seeing and Hear¬ 

ing farther, perhaps, than it may feem 

* Or as before on the Thicknefs of their Surfaces. 

per- 

*55 
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permitted for Men to proceed. He has con- 

Idea of an trived an ocular Harpficord, which is to 
Ocular . r 
Harpfi- exhibit a Succefiion of harmonic Colours, as 

our Harpficords do of Sounds: He has work’d 

at it with his own Hands, and pretends that 

in Time he (hall be able to play Tunes to the 

Eyes. Doubtlefs we cannot but thank a 

Man, who takes fuch Pains to introduce 

new Sciences, and new Pleafures among us: 

There have been Countries, where he would 

have received a publick Recompence. It is 

certainly to be wifhed, that this Invention 

may not be, like fo many others, a very in¬ 

genious, but unprofitable Effort. This ra¬ 

pid Paffage of a great many Colours before 

the Eyes, it is to be feared, will be more 

likely to afionifh, dazzle, and fatigue the 

Sight. Our Eyes, perhaps, may have need 

of Repofe, in order to enjoy the Agreeablenefs 

of Colours. It is not enough to propofe 

a Pleafure to us; Nature mud have made us 

capable of receiving that Pleafure. In a 

Word, it is Experience alone that mufl jufli- 

fy this Invention. Mean while, methinks 

every equitable Judge cannot but praife the 

Efforts of fuch a Genius, as endeavours to 

ea- 
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enlarge the Carrier of Arts, and that of Na- 

ture. 

We will not extend this Introduction con¬ 

cerning Light any farther; perhaps we have 

already faid too much of it in a Treatife of 

Simple Elements: but the greateft Part of All this 

thefe Truths are new to mod; Readers. Be- hCs 

fore we go on to the other Part of this Phi- Rel?'™ 
to the Theo- 

lofophy, let us remember, that the Theory of ry of the 

Light hath fomething in common with the 

Theory of the Univerfe, on which we are 

now to enter. This Theory is, that there is 

a kind of Attraction obferved between Light 

and Bodies, as well as among all the Orbs of 

our Univerfe, which we are next to confider. 

Thefe Attractions are difcovered by different 

EffeCts; but, in brief. Attraction is always a 

Tendency of Bodies to one another, without 

any apparent Impulfion. 

Among fo many Properties of Matter, 

fuch as thofe Fits of Tranfmiflion and Re¬ 

flection of Light, that Repulfion which Light 

meets with in the Void, in the Pores of Bo¬ 

dies, and about their Surface; among all thefe 

Properties, I fay, we ought chiefly to fix our 

Attention to that Power by which the Rays 

are 
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are reflected and broken, to that Force by 

which Bodies act upon Light, and Light up¬ 

on Bodies, without ever touching each other. 

Matierbas Thefe Difcoveries may ferve, at lead:, to ren- 
morc i vo- * * * 

forties der us extremely circumfpeCt in our Decifions 
than has . , 
bun ima- concerning the Nature and Eflence of Things. 

gined‘ Without the Senfe of Feeling, we could have 

no Idea of the Extenfion of Bodies; without 

our Eyes, we could not think of fuch a 

Thing as Light; if we had never moved our- 

felves, we could never have believed the Mobi¬ 

lity of Matter * : the fmall Number of Senfes 

which God has given us, can difcover to us 

but a few of the Properties of Matter. Our 

Reafon fupplies the want of other Senfes, and 

teaches us that Matter has yet other Attri¬ 

butes, as Attraction and Gravitation. In all 

Probability it has many more belonging to its 

Nature, of which Philofophy, perhaps, may 

hereafter give fome Ideas to Mankind. 

• *n**j^e actual Motion might be known, by fee¬ 
ing Bodies change their Diftance from one another when 
we are at reft. 

CHAP 
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CHAP. XV. 

Introductory Ideas concerning Gravity 
and the Laws of Attraction : That 
the Opinion of a fubtil Matter, Vor¬ 
tices, and a Plenitude, ought to be 
rejected *. 

N intelligent Reader, who (hall have 

confidered with Attention thefe wonder¬ 

ful Properties of Light, convinced by Expe¬ 

rience that they are not produced by any 

known Impulfe, will doubtlefs be impatient 

to know more of this new Power which we 

have fpoken of under the Name of Attrac¬ 

tion, and which mult needs ad more fenfibly 

upon all other Bodies than upon that of 

Light. That we may not any more be 

frighted with Terms, let us examine limply 

the Fads. 

I lhall make ule indifferently of the Words Attract 

Attraction and Gravitation, in fpeaking oftm' 

Bodies, whether they fenfibly tend towards one 

another, or turn in immenfe Orbs round one 

common Centre, or fall upon the Surface of 

* But not that fubtile iEther which Sir tfaac makes the 
Caufe of Attra&ion, Refraction, Animal Motion, &c. 
which pervades the Univerfe. 

the 
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the Earth, or unite to compofe folid Bodies, 

or, laftly, globify themfelves in Drops to form 

Liquids. Let us enter upon our Subject. 

All known Bodies gravitate 5 and the No¬ 

tion of fpecifick Levity has been a long Time 

counted among the acknowledg’d Errors of 

Arifiotle and his Followers. 

Since the Invention of the famous pneu¬ 

matic Engine, or Air-Pump, we have been 

in a much fairer Way to know the Gravity of 

Bodies; for when they fall in the Air, the 

Particles of that Element fenfibly retard the 

downward Motion of thole Bodies which have 

large Surfaces and little Subftance 5 but in 

that Machine deprived of Air, Bodies being 

abandon d to that Force, whatever it be, 

which precipitates them without Obftacle, do 

fall according to their whole Weight. 

The pneumatic Engine, invented by Otto- 

guenck, was foon after brought to Perfe&ion 

by Mr. Boyle j it was furnilhed with Glafs 

JnExe RecipientS much lor,Ser than at fir ft, and 
rilenT' thePe were entirely deprived of Air. In one 

Zolyrates of thefe long Recipients, compofed of four 

ariTe™’ Tukes’ tIle whole together being eight Foot 

cfaZZ h'Sh> were Upended at the Top, by a Spring, 

tlon‘ Pieces 
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Pieces of Gold, Bits of Lead, Scraps of Pa¬ 

per, and Feathers; theQueftion was, to know 

what would be the Confequence, when the 

Spring was let fly. The philofophical Gen¬ 

tlemen forefaw, that the whole would come 

to the Bottom at the fame Time: But much 

the greateft Number were confident, that the 

moft folid Bodies would fall with far greater 

Velocity than the Reft. The Multitude, 

which is almoft always in the wrong, was 

aflonifh’d at the Event; for in every Experi¬ 

ment that was made, the Gold, the Lead, 

the Paper, and the Feathers, defcended equally 

fwift, and came to the Bottom of the Reci¬ 

pient in one and the fame Inftant, 

Thofe who ftill held for the Plenitude of 

Defcartes, and for the pretended Effetffs of 

the fubtile Matter, could not give any good 

Reafon for this Fa£t; for Fa£ts were the 

Rocks on which they fplit. If there was an 

abfolute Plenitude, tho’ we allowed there 

might notwithftanding be fuch a Thing as 

Motion, (which is abfolutely impoffible) at 

lead this pretended fubtile Matter muft exa&ly 

fill all the Recipient; it mu ft be there in as 

great Quantity as Water, or Mercury, that 

might 
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might have been put there; it muff refill the 

Pieces of Paper, according to their Surfaces, 

and let the Gold and the Lead defcend much 

fooner: But this Defcent is performed in the 

fame Inflant; therefore there is nothing in 

the Recipient that refids; therefore the pre¬ 

tended fubtile Matter cannot produce any 

fenfble Effedt in this Recipient ; therefore 

theie is fome other Power which caufes Gravity. 

It would be in vain to fay, that there may 

poffibly remain a fubtile Matter in the Reci¬ 

pient, becaufe it is penetrated by the Light: 

There is a great deal of Difference in the 

two Cafes. The Light, which is in this 

Glafs Veflel, does not fill, at the moft, the 

hundred thoufandth Part of it; but accord¬ 

ing to the Cartefians,, we are to imagine that 

their fubtile Matter fills it much more corn-* 

pleatly than if I fuppofed it full of Gold ; 

for there is a great deal of Vacuum in Gold, 

but they admit none in fubtile Matter. 

vitate*in ^ow by this Experiment, the Piece of 

rr" GoId> which weighs an hundred thoufand 

§& TlmeS as much the Paper, defcends with 
Matter. 

* Yea, the Needle in it would turn to its Point 
i Sure (here 19 Light at each Part where a Mumble. 

the 



Newton’ Philofophy. ^3 

the fame Velocity as the Paper ; therefore 

the Power, which makes it defcend, adts an 

hundred thoufand Times more forcibly upon 

the Gold, than upon the Paper; in like man¬ 

ner as a hundred Times more Strength is re- 

quifite in my Arm to move an hundred 

Pounds, than to move one Pound. That 

Power then, which is the Caufe of Gravita¬ 

tion, adts in diredt Proportion to the Quantity 

of Matter in Bodies. In Effedt, it adts fo 

according to the Quantity of Matter in Bodies, 

and not according to their Surfaces, that a 

Pound of Gold reduced into Duft, will weigh 

precifely as much as the fame Quantity beat 

out into Leaves. The Figure of Bodies makes 

no Alteration in their Gravity; the Power of 

Gravitation then operates upon the internal 

Nature of Bodies, and not in proportion to 

their Superficies. 

This Power does not refide in the pretended whence the 

fubtile Matter, of which we fhall fpeak in c°mvita- 

the next Chapter: That Matter muft be a tton/ro' 
a ceeau 

Fluid ; and every Fluid adts upon Solids in 

proportion to their Superficies. Thus the 

Veil'd prefenting a fmaller Surface at her Prow, 

cuts through the Sea which would refill her 

Sides. 
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Sides. Now if the Superficies of a Body be 

the Square of its Diameter, the Solidity of 

this Body is the Cube of the fame Dia¬ 

meter : But the fame Power cannot adt at 

one Time in proportion to the Cube and the 

Square ; therefore the Gravity of Bodies is 

not the Effedt of this Fluid. Befides, it is im- 

pofiible that this pretended fubtile Matter 

Should, on the one Side, have fo much Force 

as to precipitate a Body from the Height of 

54000 Feet in a Minute (for fuch is the De- 

fcent of Bodies) and that, on the other, it 

fhould be fo weak, as not to hinder the lighted 

Wooden Pendulum to proceed from Vibra¬ 

tion to Vibration in the pneumatic Engine, 

which is fuppofed to be compleatly filled with 

this imaginary Matter. 

I fhall make no Scruple then to affirm, 

that if any Impulfe fhould ever be difcovered, 

which is truly the Caufe of the Tendency of 

Bodies towards a Center, the Caufe, in a 

Word, of Gravitation and Attradion, that 

Impulfe will be altogether of a different Na¬ 

ture from any Thing we are acquainted with *. 

E very- Body muft tend to the Center of the Earth, if 
be a Vacuum or little Refinance there 

There 
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There is one primary Truth then, that was 

pointed out elfewhere, and has been proved 

in this Chapter, that there is a Power, which 

occafions all Bodies to gravitate, in exadt Pro¬ 

portion to the Quantity of their Matter. 

If it be a<5tually enquired, why one Body Why one 

is more ponderous than another, the fingle 

and only Reafon of it will eafily be found : Zltht™ 

It will be concluded, that this Body muff 

have more Solidity, more Matter under the 

fame Extent: Thus Gold is heavier than 

Wood, becaufe there is in Gold much more 

Matter, and much lefs Vacuity, than in 

Wood. 

Defcartes and his Followers maintain, that The Syftem 

one Body is heavier than another without 

containing more Matter. Not content with accountfor 

this Idea, they fupport it by another alto¬ 

gether as falfe : They admit a grand Vortex, 

Tourbillon or Whirlpool, of fubtile Matter, 

encompaffing our Globe ; and it is this grand 

Vortex, fay they, that in its Circulation drives 

all Bodies towards the Center of the Earth, 

and impreffes on them that Quality which 

we call Gravity. 

It is true3 they have not given any Proof 

of 
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of this AfTertion *. There is not the leaf! Ex¬ 

periment, not the lea ft Analogy in Things 

of which we have any Knowledge, whereon 

to eflablifh even a flight Prefumption in fa¬ 

vour of this Whirlpool of fubtile Matter; fo 

that for this very Reafon alone, that this 

Syftem is a mere Hypothecs, it ought to be 

rejected: Neverthelefs, it was on no other Ac¬ 

count that it obtained Credit. This Vortex 

was conceived without Difficulty; an indefi¬ 

nite Explanation of Things was given, by 

pronouncing the Words Jubtlle Matter; and 

when the Philofophers were fenfible of the 

Contradictions and Abfurdities that cleav’d 

to this philofophical Romance, they dream’d 

rather of correcting than abandoning it. 

Huygens and many others have made in it 

a thoufand Corrections, of which they them- 

felves confefs the Infufficiency: But what 

fhall we put in the Place of thefe Tourbil- 

lons, and this fubtile Matter ? It was this 

too common Way of Reafoning, more than 

any Thing, that confirm’d Men in the Error 

they had embraced. But we ought to aban¬ 

don what ismanifeftly falfe and infupportable, 

* This is a great Condefcention, 

as 
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as well when we have nothing to fubftitute 

in its Room, as when we have the Demon- 

ftrations of TLuclid to put in its Place. An 

Error is neither more nor lefs an Error, whe¬ 

ther the Lois of it be oi; be not, fupplied by 

Verities. Ought I to admit the horrid No¬ 

tion of a Vacuum in a Pump, becaufe I am 

not yet able to judge, by what Mechanifm 

the Water rifes in that Pump* ? 

Before we proceed any farther then, let 

us take upon us to prove that the Vortices 

of fubtile Matter have no Exigence; that 

the Idea of Plenitude is not lefs chimerical; 

that therefore the whole Syftem, founded on 

thefe Imaginations, is no more than an inge¬ 

nious Romance, without the Appearance of 

Truth. We will enquire firft, what is meant 

by thefe Vortices; and afterwards examine, 

whether or no a Plenitude be poffible. 

* Defcartes does not require us to believe a Vacuum in 
a Pump, he explains it by a Plenum; for the Sucker be¬ 
ing drawn upwards, prefles the Matter above it, which 
Preflure is continued to the Surface of the Water at the 
Bottom of the Pump, which prefles the Water up the fame 
Inflan t, all being full. 

167 

CHAP. 



i68 l*he Elements of 

CHAP. XVI. 

That the Vortices and Plenitude of 

Defcartes are impoffible, and confe- 

quently that there ts fome other 

Cauje of Gravity. 

Proof of 

the impof- 

fibility of 

the Ver¬ 

tices 

DE $ CARPE S fuppofes an immenfe 

Heap of imperceptible Particles, which 

carries the Earth round, with a rapid Motion 

from Weft to Eaft, and which from Pole to 

Pole moves parallel with the Equator. This 

Vortex of Matter, which extends beyond the 

Moon, and drags her alfo along with it in 

its Courfe, is enclofed in another Vortex yet 

much more extenfive, which touches ano¬ 

ther yet larger, without being confounded 

with it; and fo on. 

If this were fo, ift, the Vortex which is 

fuppofed to move round the Earth from Weft 

to Eaft, would drive the Bodies that are up¬ 

on the Earth from Weft to Eaft alfo * : Now 

all Bodies, in falling, deferibe a Line, which, 

being prolonged, would pafs very near thro’ 

the Centre of the Earth : therefore this Vor¬ 

tex has no Exiftence. 2dly, 

* Not if the Earth move along with it as it does with 
our Atmofphere which moves but very little fatter. 
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2dly, If the Circles of this pretended Vor¬ 

tex moved and a&ed parallel to the Equator, 

all Bodies muft fall perpendicularly, every one 

under that Circle of the fubtle Matter to 

which it anfwers: a Body in A, near the 

Pole P, muff, according to DeJ'cartes, fall 

in R *. 

c 

Whereas it falls, within a Trifle, according 

to the Line A, B, which makes a Difference 

of about 1400 French Leagues; for we may 

compute near that Number from the Point 

R, to the Equator of the Earth B; there¬ 

fore this Vortex hath no Exiflence. 

3dly, If this Vortex of Matter around the 

Earth, and thofe other pretended Vortices a- 

round Jupiter, Saturn, &c. exifted ; all thefe 

* This is an Argument of fome Weight, except wefup- 
pofe that Bodies tend to the Center, where there is lets 
Refinance, as the Winds do, 
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immenfe Vortices of fubtile Matter, rowling 

fo rapidly in different Directions, could never 

fuffer any one Ray of Light, darted from a 

Star, to come to us in a right Line. Now 

it has been proved that thefe Rays arrive in a 

very fhort Time, confidering the immenfe Way 

they come: Therefore there are no Vortices. 

4thly, If thefe Vortices carried round the 

Planets from Weft to Eaft, the Comets, 

which traverfe thefe Spaces, in all Directions, 

from Eaft to Weft, and from North to 

South, could not traverfe them at all. And 

th°* Should be fuppofed, that the Comets 

have never actually pafs’d from North to 

South, and from Eaft to Weft, yet nothing 

would be gain’d by this Evafion; for it is 

known, that when a Comet is feen in the 

Region of Mars, of Jupiter, of Saturn, it 

moves incomparably fwifter than Mars, than 

Jupiter, or than Saturn ; therefore it cannot 

be carried round by the fame Bed of fluid 

Matter which is fuppofed to carry round 

thofe Planets * j and therefore no Vortices. 

5thly, Thefe Vortices muft be either e- 

qually denfe, equally compaCt with the Pla- 

Except there be a fufpended Force. 

nets. 



Newton’j Philofophy. 

nets, or they muft be more denfe, or, finally, 

they muft be lefs denfe. In the firft Cafe, the 

pretended Matter, which encompafles the 

Moon and the Earth, being fuppofed equally 

denfe with the fame Bulk of Earth, we 

fhould experience the fame Refifiance, in 

lifting, for Infiance, a Cubic Foot of Mar¬ 

ble, as we fhould in lifting a Column of Mar¬ 

ble as high as from the Earth to the Moon, 

whofe Bafis was only a Foot fquare. In the 

fecond Cafe, the fluid Matter being heavier 

than the Earth, our Globe would fwim up¬ 

on this Fluid, as a Veflel fwims upon the 

Water, and could not be plunged, as is pre¬ 

tended, into the fubtile Matter. In the third 

Cafe, the Fluid being lefs denfe, lefs weigh¬ 

ty than the Earth, this Fluid could never 

fufiain it, for the fame reafon as Water can¬ 

not faflain Iron, nor any thing that weighs 

more than itfelf*: Therefore no Vortices. 

6thly, If thefe imaginary Fluids had any 

Exiftence, all the Order of rhe Celeftial Orbs 

would be inverted: The Sun, which turns 

upon its own Axis, would foon lofe its Mo- 

* If there be a Plenum no Body is more denfe than ano¬ 
ther, only it contains more of Homogeneous Matter. 
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tion from the Obdrudtion of this Fluid; and 

not one of the Planets would keep the Courle 

it now holds, would have the Motion it now 

has, or would long have any Motion at all. 

ythly, The Planets carried round in thefe 

Vortices could move circularly only, becaufe 

the Vortices, at equal Didances from the 

Center, mud: be equally denfe; but the Pla¬ 

nets move in Eclipfes, and there cannot be 

carried round in any fuch Vortices; therefore 

no fuch Vortices exid. 

8thly, The Earth has her Orbit, which 

{he pafles thro’, beween the Orbit of Venus 

and that of Mars: All thefe Orbits are ellip¬ 

tical, and have the Sun for their Center : 

Now when Mars, Venus, and the Earth, 

are neared one to another, the Matter of this 

pretended Torrent, which carries round the 

Earth, mud be much more comprefled than 

at other Times: This fubtile Matter fhould 

then precipitate its Courle, as a River that is 

draitened in its Banks, or flows under the 

Arches of a Bridge; and, confequently, 

Ihould then force the Earth on with much 

greater Rapidity, than when it is in any o- 

ther Pofition; But, on the contrary, it is jud 

then 
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then that the Motion of the Earth is more 

retarded than at other Times*, 

When Mars appears in the Sign Pifces, that 

Planet, the Earth, and Venus, are nearly in 

the Proximity here reprefented; and then 

the Sun feems to be retarded for fome Mi¬ 

nutes, that is, the Earth is retarded: It is 

demonftrably impoffible then, that there 

fhould be Torrents of Matter which carry 

round the Planets: Therefore the Vortices 

have no Exigence. 

9thly, Among the more abftra&ed De- 

monftrations, which deflroy the Being of 

thefe Vortices, we will chufe the following, 

* This would hold good if the Planets were fixed as 
the Pillars of a Bridge, 

By 
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By one of Kepler s Fundamental Laws*, every 

Planet defcribes equal Areas in equal Times: 

By another Law not lefs certain, every Pla¬ 

net makes its Revolution round the Sun in 

fuch a Manner, that if, for Example, its 

middle Diftance from the Sun was io, by 

taking the Cube of that Number, which 

makes 1000, the Time of the Revolution of 

that Planet round the Sun, will be found 

proportionable to the Square Root of the 

Number 1000. Now if there were Torrents 

of Matter which carried round the Planets, 

thefe Torrents could not follow thefe Laws; 

for the Swiftneftes of the Torrents muft be 

proportional to their Diftance from the Sun, 

and, at the fame Time, to the Square Roots 

of thofe Diftances; which is incompatible. 

To fum up the whole; every one fees what 

muft happen to two Fluids, circulating in 

oppofttion the one to the other: They would 

neceftarily be confounded together, and form 

a Chaos, inftead of maintaining an Order in 

Nature. This alone, would at once have 

expofed the Carteftan Syftem to the utmoft: 

* The Period of each Part of the Vortex is as the 
Cyube of its Diftance. 

We 
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Ridicule, if the Love of Novelty, and an ha¬ 

bitual Difufe of free and impartial Examina¬ 

tions, had not prevailed. 

We are now to prove that the Plenitude, Proof* 

in which thefe Vortices are fuppofed to move, gpknitude, 

is as impoflible as the Vortices themfelves. 

iff, A fingle Ray of Light, which does not 

weigh any thing near the hundred thoufandth 

Part of a Grain muff difcompofe the Order 

of the whole Univerfe, if it was to open its 

way to us thro’ an immenfe Space, every 

part of which would not only refill of itfelf, 

but the whole Line of Matter which prefles 

on it. 

2dly, Two hard Bodies, A and B, (we 

have already proved that there muff be hard 

Bodies,) touch one another at one Surface, 

and are fuppofed to be encompafled with a 

Fluid, which prefles them on all Tides: Now, 

when they are feparated, *f* it is clear that the 

pretended fubtile Matter mufl arrive fooner at 

the Point A, where they divide, than at the 

Point B. 

* If his Atoms have any Weight, a Line of them to the 
Stars, or a Ray, will have confiderable Weight. 

t Two polilhed Surfaces will not part, by which he 
proves a Plenum. 

There 
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There is a Moment then, wherein there 

muft he a Void at B ; therefore even in the 

Syftem of the fubtile Matter there is a Void. 

3dly. there was no fuch Thing as Vacui- 

ty and Space, there could be no Motion, e- 

ven in the Syftem of Defcartes himfelf. He 

fuppofes that God created the Univerfe full, 

confifting of fmall Cubes *: Let there then 

be a given Number of Cubes, reprefenting 

the Univerfe, without their having the leaft 

Interval between them: It is evident, that 

one of them muft move out of the Place it 

occupies; for if every one continues in its 

Place, there can be no Motion, becaufe Mo¬ 

tion confifts in changing of Place, in moving 

from one Point of Space to another. Now 

who does not perceive, that one of thefe 

Cubes cannot quit its Place, without leaving 

a Vacuum at the Inftant it goes out of it; 

* See rather Defcartes himfelf. 

iince 
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fince it is clear that this Cube, in turning it- 

felf round, mull prelent its Angle to the 

Cube it touches, before that Angle can be beat 

in Pieces ? At that Time then there is Space 

between thele two Cubes; therefore, even 

in the Syftem of Defcartes himfelf, thefe 

cannot be Motion without a Vacuum. 

4thly, If all was full, as Defcartes would 

have it, we ourlelves fhould feel an infinite 

Relillance in walking, whereas we perceive 

no other than that of the Fluids in which 

we are: That of Water, for Example, refills 

860 Times, and that of Mercury 14,000 

Times, more than that of Air. Now the 

Refillances of Fluids are in proportion to the 

Squares of Velocities: Thus if a Man, in a 

Third of Time, makes his way thro’ a Foot 

of Mercury, which refifis him 14,000 Times 

more than Air; if this Man, in the next 

Third, move twice as far, the Mercury in 

this Third, will refifi in proportion to the 

Square of 2 multiplied by 14,000 ; a Refif- 

tance 56,000 Times more powerful than that 

of Air: If all were full, it would beabfolutely 

impofiible to walk a Rep, to breathe, &c. * 

* Refiftance is not according to the Quantity of Mat¬ 
ter, but to the yielding of the Particles, or parting more 
or lefi eafily. 
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5thly, The Cartejians have endeavour’d to 

elude the Force of this Demonftration, but 

they had no other way of doing it, than by 

advancing a manifeft Error. They pretend, 

that this infinite Torrent of fubtile Matter 

penetrating all the Pores of Bodies, cannot 

hinder their Motion. They did not refledt, 

that every Body, which moves in a Fluid, 

feels a Refiftance in proportion to the Extent 

of Surface it oppofes to this Fluid: Now 

the more Pores there are in a Body, the larg¬ 

er is its Surface: So that the pretended fub¬ 

tile Matter, by clogging up all the Infide of 

a Body, muft oppofe the Motion of that 

Body much more forcibly, than by touching 

only its outward Superficies. This is capa¬ 

ble of the moil undeniable Demonftration. 

6thly, All Bodies in a Plenitude would be 

equally weighty: It is impofiible to conceive 

that a Body bears upon me, and prefies me, 

but by its Quantity of Matter; a Pound of 

Gold Duft weighs as much on my Hand, as 

a Lump of Gold of a Pound. In vain the 

Cartejians anfwer, that the fubtile Matter 

penetrating the lnterjiitia of Bodies, has no 

Weight, and that we ought to efteem no- 
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thing weighty bat what is not fubtile Matter. 

This Opinion, in Defcartes, is no lefs than a 

direct Contradiction; for, according to him, 

itis the pretended fubtile Matter alone that 

caufes the Gravity of Bodies, by forcing them 

towards the Earth * : This fubtile Matter it- 

felf then gravitates upon thele Bodies; and. 

if it doth fo, there can be no Reafon why 

one Body fhould be more weighty than ano¬ 

ther, fince all being equally full, all mud be 

equally in Quantity of Matter, whether So¬ 

lids or Fluids: A Plenitude then, is a Chi- 

masra; there is a Vacuum therefore, and no¬ 

thing can be done in Nature without a Va¬ 

cuum j therefore Gravity is not the EffeCl of 

a pretended Vortex, in an imaginary Pleni¬ 

tude. 

* But it does not thence follow, that that fubtile Mat¬ 
ter gravitates- for tho’Matter defcending in one Tube 
forces it up in another, it does not therefore go up 
tf elf. 
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CHAP. XVII. 

What is meant by Vacuity and Space, 

without which there could be neither 
Gravity nor Motion. 

ObjeBions 
again ft a 
Void, 

Anftujer. 

1 H O S E who cannot conceive a Void, 

objedt, that this Void muft be nothing, 

that nothing cannot have Properties, and 

therefore, that there can be no Operation in 

the Void. 

We anfwer, It is not true that a Vacuum 

is nothing ; it is the Place of Bodies : it is 

Space ; it hath Properties ; it is extended in 

Length, Breadth, and Depth ; it is penetra¬ 

ble, infeparable, &c. I cannot, indeed, form 

in my Plead an Image of extended Space, as 

I can of extended Body ; but I can demon- 

flrate to myfelf that this Space exifis. I 

cannot reprclent to mylelf, in Geometry, an 

Infinity of Circles palling between a Circle 

and a Tangent; but I can neverthekfs de- 

monftrate to myfelf that the Thing is true in 

Geometry, which is fufficient to my Pur- 

pofe, I cannot conceive what it is within 

me 
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me that thinks, yet I am convinced that 

fomething thinks within me. In like man¬ 

ner I demonflrate to myfelf the Impoffibility 

of a Plenitude, and the Neceffity of a Void, 

without having any Image of a Void : For 

I can have no Image but of that which is 

corporeal, and Space is not corporeal. It is one 

thing to reprefent an Idea to one’s felf, ano¬ 

ther thing to conceive a Truth : I have a full 

Conception of Space; and the Epicurean Phi- 

lofophers, who were wrong in every thing elfe, 

conceived it very well. 

There was no other Way to anfwer this Ar¬ 

gument, than by faying that Matter is in¬ 

finite. This is what many antient Philofo- 

phers have affirmed, and what Defcarles after 

them has revived. 

But on what Foundation do they ima -Matter is 

gine that Matter is infinite? Only on a no- notinfimte' 

ther Suppofition, which they are pleafed to 

make. They fay, Ex ten lion and Matter are 

the fame Thing : We cannot conceive any 

Limits to Extenfion ; therefore we mufl ad¬ 

mit that Matter is infinite. 

This proves how eafily Men bewilder them- 

felves, when they reafon only on Suppofitions. 

It 
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It is falfe that Extenfion and Matter are the 

fame Thing : All Matter is extended ; but 

all Extenfion is not Matter. Defcartes, by 

advancing that there could be no Extenfion 

but of Matter, advanced a very unphilofo- 

phical Notion; for we know nothing at all 

of what Matter is; we know only fome few 

of its Properties; and no Man can deny, but 

Millions of other extended Subftances may 

exiff, different from that which we call Mat¬ 

ter : Now where muft thefe Subftances have 

their Being, if not in Space ? 

Befides this Error, Defcartes contradicts 

himfelf again ; for he admits a God. Now 

where is this God ? He is not in a mathe¬ 

matical Point; he is immenfe : What is his 

Immenfity, is it not immenfe Space? 

With regard to the pretended Infinity of 

Mattel, that Idea hath as little Foundation 

as the Vortices. We have feen the abfolute 

Neceftity of a Void in the Order of Things, 

and that therefore Matter, as it fills not all 

Space, is not infinite. But what are we to 

J)ifcujJion underftand by an infinite Matter ? For the 

'Truth. Term Indefinite ^ ufed by Defcartes, either mu ft 

be explained by this, or it fignifies nothing 

at 
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at all Do they mean, that Matter is effen- 

tially infinite in its own Nature? If fo, 

then Matter is God. Do they mean, that 

God has created it infinite ? Whence do they 

know that? Do they mean, that Extenfion 

and Matter are the fame Thing? TheFalfity 

of that Argument has been fufiiciently proved. 

The Exigence of infinite Matter, is, at the 

Bottom, a Contradi&ion in Terms. But, it 

will be fa id, you admit an Immenfity, and 

Infinity of Space; why do you not admit the 

fame concerning Matter ? Here lies the Dif¬ 

ference : Space exifts of Necefiity, becaufe 

God neceffarily exifts; it is immenfe; it is, 

like Duration, a Mode, an infinite Attribute 

of a neceffary, infinite Being. But Matter is 

nothing of all this: It does not neceffarily 

exift ; and if fuch a Subftance were infinite, 

it would be either an effential Attribute of 

God, or God himfelf: But it is neither the 

one nor the other; therefore cannot be infinite. 

I fhall conclude this Chapter with a Re- dfinguiar 
, ... r 1 r 1 Remark. 

mark, which to me teems worthy or the ut- 

moft Attention. Defcartes admitted a God, 

* If Space bean Attribute it muft be inaSubjed; not 
in God, tor he is in Space, Page 182. Line 12. 

the 
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the Creator and Caufe of all Things, but he 

denied the Poffibility of a Void : Epicurus 

denied that there was a God, the Creator and 

Caufe of all, but admitted a Void. Now it 

was Defcartes who, according to his Princi¬ 

ples, ought to have denied a divine Creator, 

and it was Epicurus whofhould have admitted 

him. We will prove it evidently. 

For if a Void was impoffible*, if Matter 

was infinite, if Extenfion and Matter were 

the fame Thing, it would follow that Matter 

muft be neceffary : Now if Matter was 

neceffary, it mu ft exift of itfelf by an 

abfolute Neceflity, inherent in its primi¬ 

tive Nature, antecedent to all Things: Mat¬ 

ter would then be God ; therefore he, who 

maintains the Impoffibility of a Void*, ought 

not, if he reafons confequentially, to admit 

any other God than Matter. 

On the contrary, if there be a Void, then 

Matter is not a neceffary felf-exiftent Being, 

confequently, it was created ; conlequently, 

there is a God. It was the Part of Epicurus 

therefore to believe a God, and of Defcartes 

* This is not for Void being in the Pores of Bodies, 

to 
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to deny one * Wherefore then, on the con¬ 

trary, is Eejcartes continually Ipeaking of a 

God, the Creator and Preferver of all Things, 

and why does Epicurus rejeft fuch a Being ? 

for this very Reafon, that Men, in their Sen¬ 

timents, as in their Conduct, feldom follow 

their own Principles ; that their Syftems, as 

well as their Lives, are Contradictions. 

We learn from all that has been faid, that Condufm 

Matter is finite, that there is a Void, that is 

to fay, Space f, and even incomparably more 

Space than Matter in our World } for the 

Quantity of Pores is much more than that 

of Solids. We conclude that a Plenitude is 

impofiible; that the Vortices of fubtile Mat¬ 

ter are equally fo; that De/cartes's Caufe of 

Gravity and Motion is a Chimera. 

We have been taught, by the Experiment 

in the pneumatic Machine, that there muff 

be a Power which occafions the Defcent of 

Bodies towards the Centre of the Earth, that 

is, which gives them their Gravity; and that 

this Power mult aft in proportion to the 

Quantity of Matter of which Bodies confifi:: 

* He thought it no Reafon to disbelieve a God, becaufe 
he could not comprehend his Works, 

f Where Matter is there is Space, tho’ occupied. 

We 
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We are now to enquire, what are the Effe&s 

of this Power; for if we can make any Dif- 

covery of its Effedts, the Exigence of it will 

be evident. Let us not begin with align¬ 

ing Caufes, and forming to ourlelves Hypo¬ 

thecs y that is the fure Way to wander from 

the Mark : Let us purfue, Step by Step, that 

which really pafles in the Syftem of Na¬ 

ture*. We are Voyagers, arrived at the Mouth 

of a River, and muft labour up the Stream, 

before we guefs at the Situation of the 

Source. 

* The Experiment feen muft not be explained by your 
Principle, becaufe I can give no other. 

CHAP. 
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CHAP. XVIII. 

187 

Gravitation demonfir at edfrom the Dif- 

coveries of Galileo and Newton: 
That the Moon revolves in her Orbit 

by the Force of this Gravitation. 

G AL ILEOj the Reftorer of Reafon ifl Laws ef 

Italy, difcovered this important Propo- 

fiticn, That heavy Bodies, which defcend to f°uhd by 

the Earth (allowing for the fmall Refinance 0f Galileo- 

the Air) have a Motion accelerated in a cer¬ 

tain Proportion, of which I fhall now endea¬ 

vour to give a concife and clear Idea. 

A Body abandoned to itfelf from the Top 

of the Tower, defcends, in the fird fecond, 

a Space which is found equal to 15 Paris 

Feet, according to the Difcovery of Huygens, 

the great Mathematician. It was thought 

before Galileo, that this Body in two feconds, 

would have palled thro’ only twice the fame 

Space, and that thus it would fall 150 Feet 

in ten feconds, and nine hundred Feet in a 

Minute. This was the general Opinion, and 

a very probable Opinion it was to a Perfon 

who 
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who did not examine things clofely. Ne- 

verthelefs, it is certain that in a Minute this 

Body would fall 54,000 Feet, and 216,000 

Feet in two Minutes. 

Let us fee how this Progrefs, which at firffc 

aftonifhes the Imagination, is performed ne- 

ceflarily, and with Simplicity. A Body is 

precipitated with its own proper Weight: 

That Power, whatever it be, which animates 

it to defcend fifteen Feet in the firft fecond, 

atfls equally at every Inftant; for nothing hav¬ 

ing changed it, it muft of neceflity continue 

the fame : Thus at the next fecond, the Body 

will have the Force which it has acquired in 

every Inftant of the firft, and the Force which 

it experiences every current Inftant. Now by 

the Force which animated it in the firft fe¬ 

cond, it defcended 15 Feet ; it hath ftill that 

Force then, when it defcends the next fe¬ 

cond. It hath befide that the Force of 15 

other Feet, which it acquired by defending 

this firft fecond, and that makes 30. It muft 

ftill have alfo in the fecond fecond (nothing 

being changed) the Power of falling 15 Feet 

which makes 45. By the fame Reafon, this 

Body 
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Body will defcend 75 Feet at the third fe- 

cond; and fo proportionately in the reft. 

Hence it follows, ift. That in equal Times 

infinitely fmall, a moving Body acquires De¬ 

grees of Velocity infinitely fmall, which ac¬ 

celerate its Motion towards the Center of the 

Earth, provided it meets no Refiftance. 

2dly, That the Degrees of Velocity which 

it acquires, are in proportion to the Degrees 

of Time it employs in defcending. 

3dly, That the Spaces it pafles through, 

are as the Squares of thefe Times, or of thefe 

Degrees of Velocity. 

4thly, That the Progreffion of Spaces pafled 

through by this moving Body, are as the un¬ 

equal Numbers 1,3,5,7. This neceflary 

Knowledge of a Phenomenon, that happens 

on every Side of us every Moment, (hall be 

render’d fenfible, even to thofe who may at 

firft be a little embarrafs’d with all thefe Pro¬ 

portions : They need only caft their Eyes, 

with a little Attention, on the Table annex’d, 

which every Reader may enlarge at his Plea- 

fure. 

189 
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Times in 
which the 
Body 
falls. 

Spaces 
which it 
paftes 
through 
in every 
Time. 

j Spaces pafted over, 
! which are as the 
1 Spaces of the Times. 

Unequal 
Numbers, 
which mark 
the Progref- 
fion of Mo¬ 
tion, and 
the Spaces 
pafted over. 

1 ft Se¬ 
cond, 
one Ve¬ 
locity. 

The Body 
defcends 
15 Feet. 

The Square of 1 is 
1. The Body falls 1 5 
Feet. 

Once fif¬ 
teen. 

2d Se¬ 
cond,two 
Veloci¬ 
ties. 

The Bo¬ 
dy de¬ 
fcends 
45 Feet. 

The Squares of two 
Seconds or two Ve¬ 
locities, is four. Four 
times fifteen are do. 
The Body then has 
defcended 60 Feet, 
that is 15 in the firft, 
fecond, and 45 in the 
fecond. 

Three 
Times fif¬ 
teen. Thus 
the Progref- 
fion is from 
one to three 
in this fe¬ 
cond. 

3d Se¬ 
cond, 
three Ve¬ 
locities. 

The Bo¬ 
dy de¬ 
fcends 75 
Feet. 

The Square of 3 fe- 
conds is 9 : Nine 
Times 15 makes 
135i • The Body 
then has defcended 
135 Feet in 3 Se¬ 
conds. 

iFive Times 
fifteen. Thus 
the Progref- 
fion is vifible 
according to 
the unequal 
Numbers 

r> 3> 5? &c. 



Newton’j Philofophy. 

It is manifeft at firft Thought, that in 

every Inftant infinitely fmall, the movable 

Body receives an accelerated Motion j fince it 

appears, both by the Propofition and the Ex¬ 

periment, that this Motion augments conti¬ 

nually. A flight InfpeCtion of this little Ta¬ 

ble will demonftrate, that at the End of a 

Minute the Body will have defcended 54,000 

Feet, for 54,0000 make the Square of 60 

Seconds, multiplied by 15. Now 15 multi¬ 

plied by the Square of 60, which is 3,600, 

the Product is 54,000. 

Thefe Experiments gave Birth to a new 

Conjecture, in reality well founded, but which 

neverthelefs required a particular Demonftra- 

tion. For, obferving that a Body, of a 

Weight almoffc equal, defcended 60 Times as 

faft at the End of 60 Minutes as it did during 

the firfl Minute, it was prefumed that the 

Weight itfelf mu ft vary, in fome certain Pro¬ 

portion to its Diftance from the Center of 

the Earth. Several great Men, who fought 

a new Road to the Knowledge of Nature, and 

among others the famous Lord Bacon, Chan¬ 

cellor of England, began alfo to fufpeCt that 

there was a Gravitation, an Attraction of Bo¬ 

dies 

IQI 
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dies to the Center of the Earth, and of the 

Earth to Bodies. He propofed, in his excel¬ 

lent Book, Novum Scientiarum Organum, the 

making of Experiments with Pendulums upon 

the Tops of the highefl Towers, and at the 

Bottom of the deepefl Wells: For, faid he, 

if the fame Pendulums vibrate more rapidly 

at the Bottom of a Well than on the Top of a 

Tower, we muft conclude that Gravity, which 

is the Principle of thefe Vibrations, will be 

much more powerful at the Centre of the 

Earth, to which the Well is neareft. He at¬ 

tempted alfo to make Experiments of the 

Defcent of Bodies from different Elevations, 

and to obferve if they defcended lefs than fif¬ 

teen Feet the firfl fecond i But there never ap¬ 

peared any Variation in thefe Experiments, 

the Elevations and Profundities where they 

made them being of too little Confluence. 

In this Uncertainty they continued, and 

the Idea of a Power aCting from the Center of 

the Earth remained a random Conjecture. 

DeJ'cartes was acquainted with thefe Parti¬ 

culars, and even fpeaks of them in treating 

of Gravity : But Experiments, which alone 

could clear up this grand Queftion, were flill 

wanting. 
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wanting. The Syftem of the Vortices hur- 

ried away this vaft and fublime Genius: It 

was his Plea fare, in creating his Univerfe, to 

give the Dire&ion of every thing to his fab- 

tile Matter, which he made the Difpenfer 

of all Motion and all Gravity. By little and 

little Europe adopted his Syflem, for want of 

a better. 

At laft in 1672, Mr. Richer, in a Voyage Expert■* 

to Cayenna, near the Line, undertaken by by fome A- 

Order of Lewis XIV. under the Prated ion ‘^"Zhub 

of Colbert, the Father of all the Arts ; Richer “'•“'“n i" 

I fay, among many Obfervations, found that 

the Pendulum of his Clock no longer made 

its Vibrations fo frequently as in' the Latitude 

of Paris, and that it was abfolutely neceflary 

to fhorten it by a Line, that is, eleventh Part 

of our Inch, and about a Quarter more *. 

Natural Philofophy and Geometry were not 

then, by far, fo much cultivated as at pre- 

fent. Who could have believed, that from 

this Remark, fo trifling in Appearance, that 

from the Difference of the eleventh of our 

* A Foot in Meafure at Paris being more than an Eng- 
lijh Foot, fo is their Digit or 12th Part of it more than 
our Inch, in proportion as 144 to 135'. 

Inch, 
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Inch, or thereabouts, could have fprung the 

greateft of phyfical Truths ? It was found, 

at firft, that Gravity muff needs be lefs un¬ 

der the Equator, than in the Latitude of 

France *, fince Gravity alone occafions the 

Vibration of a Pendulum «j-. 

In Confequence of this it was difcovered, 

that, whereas the Gravity of Bodies is by fo 

much the lefs powerful, as thefe Bodies are 

Ue Earth farther removed from the Center of the Earth 
higher in , . 5 
Proportion the Region of the Equator muft abfolutely be 

aquatiEtban much m°re elevated than that of France j and 

apdl r° muftbe farther removed from the Center 5 

and therefore, that the Earth could not be a 

Sphere. Many Philofophers, on occafion of 

thefe Difcoveries, did what Men ufually do, 

in Points concerning which it is requifite to 

change their Opinion 5 they oppofed the new- 

difcovered Truth. Many Dodors of the 

Church, even till the fifteenth Century, had 

* Some think the Vibrations at the Equator are fewer 
than near the Pole, becaufe of the denfer Medium there 
by the Multitude of Vapours at the Equator from the 
oun s Heat: for in the fame Latitude the number of Vi¬ 
brations change as the Medium in which 

t Perhaps not the Number of them, but the Medium 
that refills lels or more. 

believ’d 



Newton’* Philofophy. 

believ’d the Earth to be flat, longer from Eaft 

to Weft than from North to South, and co¬ 

vered with the Sky, as a Vault, in the Form 

of a Tent. Their Opinion appear’d to them 

by fo much the more certain, as they be¬ 

lieved it founded upon the Bible. But a 

very little Time before theDifcovery of Ame¬ 

rica, a Bifhop of Avila treated the Opinion 

of the Earth’s globular Form as an Impiety, 

and an Abfurdity. At laft Reafon, and the 

Voyage of Chrijlopher Columbus, reftored to 

the Earth its ancient fpherical Form, which 

the Egyptians and Chaldeans had given it. 

People then pafled from one Extreme to ano¬ 

ther; they believed the Earth a perfed Sphere, 

and that the Stars made their Revolution in a 

true Circle. 

Neverthelefs, from the Moment that they 

began to be certain of the Earth’s diurnal 

Rotation upon its own Axis, they ought to 

have judg’d from that alone, that a Form 

entirely fpherical could not belong to it. They 

need only have confidered, that fuch a Ro¬ 

tation once in twenty four Hours muft ele¬ 

vate the Waters of the Sea ; that thefe Wa¬ 

ters, being more elevated than the reft of 

the 

*95 
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the Globe, would fall back upon the Land In 

the Region of the Equator, and overflow it: 

Cut the Waters have no fiich Fall $ therefore 

the folid Earth mull be as much elevated as 

the Waters. This Realbning, fo very Ample, 

fo natural, efcaped the greateft Genius’s of 

that Time ; a certain Proof of the Strength 

of Piejudice, that it did not permit even this 

flight Examination. They ftillcontefted Ri¬ 

ckers Experiment : They pretended, that the 

Vibrations of our Pendulums were lefs fre¬ 

quent towards the Equator, for no other Rea- 

fon but becaufe the Heat lengthened Metal: 

They perceived, that the Heat of the moft 

fcoiching Summer, would lengthen an Iron 

Rod above thirty Feet long, about the ele¬ 

venth Part of our Inch 5 but the Queftion 

here was concerning a greater Alteration, per¬ 

haps even twice as great, in a Rod of little 

more than three Feet in Length. 

^ Some Years after, MeH De/hayes, Farm, 

I'tin lie e, and Couplet, repeated the fame Ex¬ 

periment of the Pendulum near the Equator: 

They found it neceflary continually to fhorten 

it, the nearer they came to the Line, tho’ 

the Heats were often lefs under the Line it- 

felf. 
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felf, than at fifteen or twenty Degrees difiance. 

This Experiment has been lately confirmed, 

by the Academicians who are at prefent in 

Peru; and they have jufi now informed us, 

that about ^uito, in a Time when it freezed, 

they were obliged to (horten the Pendulum 

for Seconds about two Lines, or the fixth 

Part of a Digit. 

While they were thus difcovering of new 

Truths, under the Line, Mr.Picart, in Con¬ 

formity to the fame Orders, gave to the 

World in 1669 a Meafure of the Earth, by 

tracing over a fmall Part of the Meridian of 

France. He did not indeed give fo exadt a 

Meafure of the Earth, as he might have 

done, if he had meafured the Degrees in 

France both towards the Pole and towards the 

Equator : But this Difference was too infigni- 

ficant to be taken notice of, among theThings 

that will now fall under our Confideration. 

Thefe Difcoveries were necefiary to found 

the Theory of Sir Ifaac Newton. We think 

ourfelves obliged here to infert a certain cu¬ 

rious Anecdote, concerning thefe Difcoveries 

and this Theory, which will not be unpro¬ 

fitable in the Hifiory of human Minds, 

and 
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and which will ferve to difcover the great 

Neceflity of Exactitude in the Sciences, and 

with what Sincerity Sir IJ'aac proceeded in 

his Search after Truth. 

ionarling ^ laid the Foundation of his admi- 

tbefem/. rable Syftem of Gravitation ever fince the 
convenes. 

Year 1666; but there was wanting, to re¬ 

concile this Syftem with Truth in all its Parts, 

and above all to draw thole Concluftons from 

the Motion of the Moon which we are by 

and by to confider ; there was wanting, I 

lay, a Demonftration that the Degrees of 

Latitude were every one about 25 common 

French Leagues, that is, near 70 Englifh 

Miles. 

In the Year 1636, Norwood, an Englifh 

Mathematician, had done that, in pure Cu- 

riofity, which the Benevolence of the French 

Minifter caufed Picart to undertake after¬ 

wards, in 1669 : had made the fame Ex¬ 

periments concerning the Degrees of Lati¬ 

tude between London and York, in the North 

of England, as Picart made to the North of 

Pans, in a lefs Extent of Ground. 

The Degrees of Norwood were found, with¬ 

in a Trifle, to conftft 0f 70 Englifh Miles, 

or 
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or 25 French Leagues : This was precifely 

the Meafure that Sir IfaacNewton had guefs’d 

at by his Theory, and which alone could 

juftify it. 

But what will appear furprizing is, that in 

1666, and even many Years after, Sir I/aacNew- 

ton knew nothing of Norwood's Meafures, taken 

above 30 Years before the Misfortunes which 

had afflicted England, had been as fatal to 

the Sciences as to the State : Norwood's Dis¬ 

covery was buried in Oblivion j every one 

kept to the erroneous Meafure of the Pilots, 

who, in their random Computation, reckon’d 

only 60 Miles for a Degree of Latitude. And 

our Philofopher being retired into the Coun¬ 

try during the Plague in 1666, was not in the 

Way of getting any Information concerning 

Norwood's Meafures, and therefore ftuck to 

the falfe Computation of 60 Miles. 

It was by this erroneous Meafure that he 

proceeded to enquire^ as we have already faid, 

whether the fame Power that occafions the 

Gravitation of Bodies towards the Center of 

the Earth, was what held the Moon in her 

Orbit. He found himfelf far enough from 

thofeConclufions, which he could have drawn 

with 

199 
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with a more exadt Meafure of the Earth, and 

for that Time abandon’d his Refearch. 

He refumed it fome Years after, upon the 

Meafures of Picart, and dill farther confirm¬ 

ed himfelf in it in 1683, by the more exadl 

Meafures of Catfini, Lattife, Chazelles, and 

f arm > who, encouraged by Colbert, traverfed 

a much larger Trad; than Picart. 

Thefe Academicians examined the Meri¬ 

dian even as far as Auvergne; but Colbert be¬ 

ing dead, Louvois, who fucceeded him in the 

Jurifdidion of the Academy, but not in his 

Tade for the Sciences, interrupted a little 

this laborious Undertaking. 

It was not till about that Time, that 

Newton became acquainted with the Opera¬ 

tions of Norwood: He faw with Adonifli- 

ment, that thefe Meafures were the fame 

with thofe of Picart and CaJJini, with only 

this Difference, that Norwood's Degree ex¬ 

ceeded that of Picart 240 Fathoms, but fur- 

palled that of CaJJini only eight. Newton attri- 

buted this fmall Excef$ of 8 Fathom in a 

Degree to the Figure of the Earth, which 

he believed to be that of a Spheroid, deprefs’d 

or flatten’d towards the Poles; and he judg’d 

that 
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that Norwood, by drawing his Meridian in 

Regions more Northerly than thofe of 

France, neceflarily found his Degrees longer 

than thofe of Cajjmi, becaufe he fuppofed 

that part meafured by Norwood to have a lon¬ 

ger Curve. However that be, here follows 

the fublime Theory which he drew from 

thefe Meafures, and from the Difcoveries of 

the great Galileo. 

The Gravity of Bodies upon our Globe, jS Theory 

in reciprocal proportion of the Squares of from thefe 

their Diftances from the Center of the Earth: Difceve~ 

Thus, the more thefe Diftances are increaf- 

ed, the more is Gravity diminiftied. 

The Power which is the caufe of Gravity, 

depends not upon Whirlpools of fubtile Mat¬ 

ter, the Exiftence of which is demonftrably 

falfe. 

That Power, whatfoever it be, adts upon 

all Bodies, not according to their Surfaces, 

but in proportion to the Quantity of their 

Matter. If it adfo at one Diftance, it muft 

adt at all Diftances: If it adt in reciprocal 

Proportion of the Squares of thefe Diftances, 

it muft always adt according to the fame 

proportion upon all known Bodies, when 

they 
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‘The fame 

Power 

which oc- 

cafons the 
Gravita¬ 

tion of Bo¬ 

dies to¬ 

ns at is rhe 
Earth, di¬ 

rects the 

Moon in its 

Courfe 

round the 

Earth. 

7Toe Elements of 

they are not at the Point of Contad, that is, 

let them be as near together as pofiible, 

without being joined. 

If, according to this Proportion, the 

Power of Attradion, upon the Surface of 

our Globe, caufes a Defcent of 54,000 Pa¬ 

ris Feet in 60 Seconds; a Body that (hall be 

diftant from the Center of the Earth about 60 

of its Semi-diameters, by the fame Rule will 

fall only fifteen Paris Feet in the fame 

Time. 

The Moon, in her mean Motion, is di- 

fiiant about 60 Semi-diameters of our Terref- 

trial Globe from the Center of that Globe. 

Now by the Meafures taken in France, we 

know how many Feet the Moon’s Orbit 

contains ; we know that in her mean Mo¬ 

tion, fhe defcribes 187,961 Paris Feet in a 

Minute. 

The Moon, in her mean Motion, is ad¬ 

vanced from A to B : She has obeyed then, 

both the projedile Force, which direds her 

in the Tangent A, C, and the Power which 

wou d make her defcend according to the 

Line A, D, equal with B, C. Take away 

the Force which direds her from A to C, 

and 
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O A 

and there will remain a Force which may be 

efiimated by the Line C, B. This Line 

C, B, is equal to the Line A, D: But it is 

demonfirable that the Curve A, B, being 

187,961 Feet, the Line A, D, or C, B, 

will be only fifteen: Therefore whether the 

Moon falls into B, or into C, it is here the 

fame Thing; fhe will have de/cended 

Feet in a Minute from C to B ; therefore fhe 

will have defcended 17 Feet in a Minute al- 

fo from A to D. But in defcending this 

Space in a Minute, fhe will have travelled 

3600 Times as far as a moveable Body upon 

the Earth would have travelled in the fame 

Time: Now 3600 is juft the Square of her 

Difiance; 
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Diffance; therefore the Gravitation which 

adts here upon all Bodies, adts alfo between 

the Earth and the Moon precifely in the 

fame Ratio of the Square of their Diffances. 

But if this Power which animates Bodies, 

diredts the Moon in her Orbit, it muft di- 

redt the Earth in its Orbit alfo ; and the Ef- 

fedt which it produces upon the Planet of the 

Moon, it muff produce alfo upon the Planet 

of the Earth : For this Power is every where 

the fame; all the other Planets muff be fub- 

jedl to it, and even the Sun alfo muff expe¬ 

rience its Law: And if there be no Motion 

of the Planets with Regard one to another, 

which is not the neceffary Effedf of this 

Power, it muff then be confefTed, that all 

Nature demonffrates it: This is what we 

proceed to obferve, in a more ample Manner. 

CHAP. 
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CHAP. XIX. 

"That Gravitation and Attraction di¬ 
rect all the Planets in their Courfes. 

A LMOST all the Theory of Gravity, 

■** ^ according to Defcartes, is founded up¬ 

on this Law of Nature, that every Body 

which moves in a Curve Line, endeavours to 

move away from its Center in a right Line, 

which would touch the Curve in a Point. 

Such is the Sling, which efcaping from the 

Hand at the Point B, would follow the Line 

B, C. 

How we 
ought to 

under ft and 

the ‘Theory 

of Gravi¬ 

ty accord¬ 

ing to Def¬ 
cartes. 

All 
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All Bodies, in turning with the Earth, 

endeavour thus to remove from the Center $ 

but the fubtile Matter, fay they, making a 

much greater Effort, repells all other Bodies. 

It is eafy to perceive, that it could not be 

in the fubtile Matter to make this greater Ef¬ 

fort, and to remove itfelf from the Center of 

the pretended Vortex rather than other Bo¬ 

dies : On the contrary, it would be its Na¬ 

ture, (fuppofing it to exid) to make towards 

the Center of its Motion, and let the other 

Bodies, which are more compad and folid, 

move to the Circumference *. This is in 

Effed what happens upon a Table which is 

made to turn round, when in a Tube fixed 

thereon we put feveral Powers and Liquors, 

of Weights fpecifically different: All the 

mod folid and weighty Bodies remove from 

the Center, and all the lighted approach it. 

Such is the Law of Nature j and when Def- 

cartes made his pretended fubtile Matter to 

circulate the Circumference of his Vortex 

he began by violating that Law of Centri¬ 

fugal Forces, which he laid down as his drd 

? De/CaTlU,thefe Particles of fubtile Matter to be moft hard and folid. 

Principle, 
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Principle. It was to little purpofe his ima¬ 

gining that God had created Dice * turning 

again ft one another ; that the Rubbings of 

thefe Dice, which made his fubtile Matter, 

difperftng on all lides, acquired thereby a 

iwifter Motion; that the Center of a Vortex 

incruftated itfelf, &c. Thefe Imaginations 

were far from rectifying his Error. 

Without lofing more Time to combat 

thefe imaginary Beings, let us follow the me¬ 

chanical Laws which operate in Nature. A 

Body which moves circularly, at every Point 

of the Curve which it defcribes, takes a Di¬ 

rection that would remove it out of the Cir¬ 

cle, by making it follow a right Line, in 

this Manner. 

* He does not call them Dice but Particles of various 
Figures, So 
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So far its true. But care muft be taken 

that this Body do not thus remove from the 

Center, but by this other grand Principle : 

That every Body, being of itfelf indifferent 

with regard to Reft and Motion, and having 

that Vis inertia, that Sluggifhnefs which is 

an Attribute of Matter, follows neceflarily 

the Line in which it is moved. Now every 

Body which turns round a Center, follows 

every Moment a right Line infinitely fhort, 

which would become a right Line infinitely 

long, if it met with no Obftacle. The Re¬ 

fill t of this Principle therefore, reduced to its 

juft Value, is no more than this: That every 

Body which moves in a right Line, would al¬ 

ways move in a right Line, if no Power 

acfted upon it j there is another Power want¬ 

ing then, to make it defcribe a Curve: This 

other Power, therefore, by which it defcribes 

a Curve, would make it fall every Moment 

to the Center, in Cafe the proje&ile Motion 

in a right Line was to ceafe. In a Word, 

this Body would move, from Moment to 

Moment, to A, to B, to C, if freed from 

the latter Power, 

It 
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It would alfo, from Moment to Moment, 

fall from A, from B, from C, to the Cen¬ 

ter, if the other Power was wanting. The 

reafon is, that its Motion is compofed of 

two forts of Motions, of a projectile Motion 

in a right Line, and alfo of an imprinted 

Motion in a right Line, by the Centri- whaly 

petal Force, a Force bv which it would fall the Centri- 
1 J fugal and 
to the Center. Thus even from the Inch “ Centripe- 

nation of the Body to defcribe thefe Tan¬ 

gents A, B, C, it is demonflrable that there 

is a Power which draws it from thefe Tan¬ 

gents, even at the Inftant that it begins them. 

It is abfolutely neceffary then, to confider 

every Body that moves in a Curve, as being 

moved by two Powers; cne of which is, 

that which would make it defcribe Tangents, 

and 
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and which is called the Centrifugal Power, 

or rather the Power of reding, of Inadivity, 

by which a Body always follows a right 

Line, if it meets with no Obdrudion ; the 

other is the Power which draws the Body to¬ 

wards the Center, which is called the Cen¬ 

tripetal, and is the true Power. 

It is thus that a Body, moved according 

to the hoiizontal Line G, E, and according 

to the Perpendicular Line G, F, obeys thefe 

Powers every Moment, by paffing along the 

Diagonal G, H. 

G 

From the Edablilhment of this Centripetal 

Force, there refults at fird Sight of this De- 

mondration: That every Body which moves 

m a Circle, or in an Ellipfis, or in any Curve 

whatfoever, moves round a Center to which 
it tends. 

It 
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It follows moreover; that this Body, what 

Portions of the Curve foever it may pafs 

over, will always defcribe equal Areas in e- 

qual Times, both in its large/! and fmallefl 

Arches. If, for Infiance, a Body in one 

Minute defcribes the Space A, C, B, contain¬ 

ing an hundred Miles of Area, it will in two 

Minutes defcribe the Space B, C, D, contain¬ 

ing two hundred Miles. 

This Law inviolably obferved by all the 

Planets, and utterly unknown to Antiquity, 

was difcovered about 150 Years ago by Kep¬ 

ler > who has merited the Name of Legijlator 

in Aftronomy, notwithflanding his Philofo- 

phical Errors. He could not, however, come 

at 
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at the Reafon of this Rule, to which all the 

Celeftial Bodies are fubjeft. The extreme 

Sagacity of Kepler difcovered the Effedt, of 

which the Genius of Newton has found out 

the Caufe. 

I Shall now give the SubStance of New¬ 

tons Demonstration, which will eafily be 

comprehended by every attentive Reader : 

For Men have a natural Geometry in their 

Minds, which makes them lay hold of Pro¬ 

portions, when they are not too complicated. 

The Demonstration Shall be found more at 

large in the Notes. 

Let the Body A be moved to the Point B, 

in a very Short Space of Time. At the End 

of an equal Space of Time, a Motion equally 

continued (for there is here no Acceleration) 

would bring it to the Point C: But in B it 

finds a Power which draws it in the Line 

B, H, S. 
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B, H, S. It does not follow then, either 

the Road B, H, S, or the Road A, B, C: 

Draw this Parallelogram C, D, B, H; and 

then the Body being moved by the two Pow¬ 

ers paffes along the Diagonal B, D. Now 

this Line B, D, and this B, A, being fup- 

pofed infinitely fhort, make a Curve, &c. 

Therefore this Body neceffarily moves in a 

Curve. 

It 

Demonstration. 

Lhat every moveable Body, drawn by a Centri¬ 

petal Force, defcribes in a Curve Line, equal 

Areas in equal Limes (i). 

z 

(i) All Bodies move in a uniform Motion, when there 
is no accelerating Force : Therefore the Body A, moved 
in a right Line in the firft Space of time from A to B, will 

pafs 
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^monftra- ^ mu^ ^urround equal Spaces in equal 
thnproves Times; for the Space of the Triangle S B 
that the . o > > 

Sun, and A, is equal to the Space of the Triangle S, 

Earth, is H : Thefe Triangles are equal; therefore 

*0/thluh- ^reas are equal; therefore every Bo- 

*'erfe' dy which furrounds equal Areas in equal 

Times, in a Curve, makes its Revolution 

lound the Center of the Forces towards which 

it tends; therefore the Planets tend towards 

the Sun, turn round the Sun, and not the 

Sun round the Earth. For by taking the 

Earth 

pafs in the fame Time from C to Z. Thefe Spaces be¬ 
ing conceived equal, the Centripetal Force in the fecond 
Time gives a certain Motion, and the Body, inftead of 
going to C, goes to H. Now what Direction has it had 
d,fferent fr°m that of B to C ? Draw the four Lines, C, 

y > O °> H; and you perceive the Body has 
followed the Diagonal of this Parallelogram B H. 

Now the two Sides of Parallelogram B c’- B G • are 
m the fame Plan as the Triangle \ B, S; ther’efore he 

SeXB, C Z. “ G’S> “d t0'Vards 

The Triangles, S, H, B; S B, C; are equal becaufe 
they are upon the fame Bafts S, B, and between the ParaL 
Jels, H C- G, B- but S, B, A: S, C, B- are eaual h9_ 
mg me lame Bafe, and the fame Height; therefore S, B, 
A, o, H, B ; are equal alfo. 

The fame may be fa id concerning the Triangles S, T 

Tr.<r ’ u 5 u ? /^erefore thefe Triangles are equal* 
Leffen the Height to Infinity, the Body- in every Snace 
of Time infinitely fmall, will deferibe the Curve/ whofe 
Lines all tend to the PointS; therefore in aU thefe In 
^¥s, the Areas of thefe Triangles are proportio^ 
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Earth for the Center, their Areas are found 

unequal in proportion to the Times; and in 

taking the Sun for the Center, thefe Areas 

are always found proportional to the Times; 

if you except only the fmall Irregularities, 

caufed by the Gravitation of the Planets them- 

felves. 

The 

Demonstration. 

"That every Body, describing in a Curve equal 

triangles round a Point, is moved round that 

Point by a Centripetal Force (2). 

(2) Let this Curve be divided into equal Parts infinitely 
fmall, A, B; B, H; H, F ; deferibed in equal Times; 
let the Power be fuppofed to a£t at the fame Points B, JH, 
F- prolong A, B, to C, and B, H, to T; the Triangle 
S, A, B, will be equal to the Triangle S, B, H; for A, B, 
is equal to B, C; therefore S, B, H, is equal to S, B, C ; 
therefore the Force in B, G, is parallel to that in C, H • but 
this Line B, G, parallel to C, H, is the Line B, G, S, tend- 

ing 
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The better yet to underftand what is 

meant by the Areas proportional to the 

Times, and to dilcover by Infpedion the 

Advantage you may draw from this Know¬ 

ledge, confider the Earth as carried in its El- 

hpfi s round the Sun, S, its Center. When 

it goes from B to D, it encompaffes as large 

a Space, as when it pafles round the great 

Arch H, K: The Sedor H, K, regains in 

Breadth what the Sedor B, S, D, hath in 

Length. To make the Area of thefe Sedors 

equal in equal Times, the Body mud: pafs 

much fwifter from H to K, than from B to 

D. Thus the Earth, and every Planet, moves 

fwifter in its Perihelion, which is the neared: 

Curve to the Sun, S, tnan in its Aphelion, 

which is the fartheft Curve from the fame 

Center S, 

We 

ing to the Center. The Body in H, is directed by the 
Centripetal Force along a parallel Line to F, T: in the 
Lme manner as in the Point B, it was directed by the fame 
Force in a parallel Line to C, H: Therefore the Line pa¬ 
rallel to F, T, will tend alfo towards S j therefore all Lines 
thus drawn, will tend to the Point S. 

Conceive now to S, Triangles like thofe above ; the 
ftnaliertho/e Triangles above fliall be, the more the Trian- 
gies to S will approach to a phyfical Point, which Point 
b, will be the Center of the Forces. 
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We know then what is the Center of a 

Planet, and what Figure it defcribes in its 

Orbit, by the Areas that it furrounds: We 

know that every Planet, when it is farther 

from the Center of its Motion, gravitates lefs 

towards that Center. Thus the Earth being jti,for 

nearer the Sun by a thirtieth Part, that is by f**%“*' 

a million of Leagues, during our Winter fonsthat 
° ° w ka<ue 

than during our Summer, is more attra&ed mere Sum- 
mer than 

alfo in Winter, and paffes fwifter then by Winter. 

reafon of its Curve: Thus we have eight 

Days and a half more Summer than Winter, 

and the Sun appears in the Northern Signs 

eight Days and a half more than in the 

Southern. Therefore fince every Planet fol¬ 

lows. 
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lows, with regard to the Sun, its Center, that 

Law of Gravitation which the Moon experi¬ 

ences with regard to the Earth, and to which 

all Bodies are fubjed in falling upon the 

Earth, it is demonftrable that this Gravita¬ 

tion, this Attradion, ads upon all Bodies 

that are known to us. 

But another powerful Demonftration of 

this Truth, is the Law that all the Planets 

follows refpedively, in their Courfes, and in 

Diftances: This is what it is now incumbent 

on us to examine. 

CHAR 
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CHAP. XX. 

Demonjlration of the Laws of Gravi¬ 
tation, drawn fro?n the Rules of 
Kepler: "That one of thefe Laws of 
Kepler demonflrates the Motion of 
the Earth. 

TL EPLER found out another admirable Kepler* 

Rule, of which I proceed to give an 

Example before I define it, in order to ren¬ 

der the Thing more fenfible and eafy. 

Jupiter has 4 Satellites, which make their 

Revolutions round him : The neareft is di¬ 

stant 2 Diameters and five fixths, from Ju¬ 

piter’s Body, which it furroundsin42 Hours: 

The molt remote makes its Revolution in 

402 Hours, I would know how far diftant 

this laffc Satellite is from the Center of Jupi¬ 

ter. To accompliih this, I lay down the fol¬ 

lowing Rule: As the Square of 42 Hours, 

the Revolution of the firft Satellite, is to the 

Square of 402 Hours, the Revolution of the 

laft; fo is the Cube of 2 Diameters and | to 

a fourth Term. This fourth Term being 

found. 
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found, I extract its Cube Root, which Cube 

Root is found to be 12 %: Thus I learn that 

the fourth Satellite is diftant from the Center 

of Jupiter 12 and i of his Diameters. 

I make ufe of the fame Rule for all the 

Planets which revolve round the Sun, I fay; 

Venus revolves in 224 Days, and the Earth 

in 365: The Earth is 30 millions of Leagues 

from the Sun, how many Leagues then 

mull; Venus be ? I anfwer; as the Square of 

the Earth’s Year is to the Square of the Year 

of Venus, fo the Cube of the Earth’s mean 

Diftance is to a fourth Term, whofe Cubic 

Root will be about 21,700,000 Leagues, which 

make the mean Diftance of Venus from the 

Sun. I fay the fame with regard to the 

Earth and Saturn, 

This Law then is, that the Square of a 

Revolution of any one Planet, is always to 

the Square of the Revolutions of the other 

Planets, as the Cube of its Diftance is to the 

Cubes of the Diftances of the others, from 

, the common Center. 
Keajons 

lfZ°PbUo Kepkr, who found this Proportion, was very 

jopber, gi- far from finding the Reafon of it. Being lefs 
•ven by _ ° 
Kepler /or a good Philofopher than an admirable A- 
this ad mi- _ 
ruble Rule. ftronomer. 
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flronomer, he fays (in his 4th Book of his 

Epitome) that the Sun hath a Soul; not 

an intelligent Soul5 Ammum ; but a vcgetant, 

aCtive Soul, Animam: That in turning round 

upon his own Axis, he draws the Planets to 

himfelf; but that the Planets do not fall on 

the Sun, becaufe they alfo revolve upon their 

Axis. In making this Revolution, fays he, 

they prefent to the Sun fometimes a friendly, 

and fometimes a hoftile fide; the friendly 

fide is drawn, and the hoftile fide is repell’d; 

which produces the annual Courfes of the 

Planets in the Ellipfes. 

It mufl be confeffed, for the Humiliation 

of Philofophy, that it was from this Reafon- 

ing, fo very unphilofophical, that he con¬ 

cluded the neceffity of the Sun’s turning 

round on its Axis. Error accidentally con¬ 

ducted him to Truth; he conjectured the 

Rotation of the Sun on itfelf, above 15 Years 

before the Eyes of Galileo difcovered it by 

the Help of Telefcopes. 

Kepler adds (in the fame Book, p. 495) 

that the Mafs of the Sun, the Mafs of all the 

Ether, and the Mafs of the Spheres of the 

fix’d Stars, are perfectly equal; and that 

they 

221 
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they are the three Symbols of the Holy Tri¬ 

nity. 

The Reader, who, in reading over thefe 

Elements, fhall have feen fuch extravagant 

Dreams, on the fide of fuch fublime Truths, 

in fo great a Man as Kepler, in fo profound a 

Mathematician as Kircher, ought not to be 

furprized at it : A Man may be a great Ge¬ 

nius with regard to Calculations and Obfer- 

vations, and make a wrong ufe of his Rea - 

fon on other Accounts: There are Minds 

which have need of Geometry to fupport 

them, and which fall when they endeavour 

to proceed of themfelves. It is not furprifing 

therefore that Kepler, in difcovering thefe 

Agronomical Laws, did not find out the Rea- 

fon of them. 

This Reafon is> that Centripetal Force 
this Law is precifely in the reciprocal Proportion of the 

found by r 
Newton. Square of the Diftance from the Center of 

Motion, towards which thefe Forces are di¬ 

rected : This is what we are to obferve atten¬ 

tively: In a Word, we ought throughly to 

underftand, that the Law of Gravitation is 

fuch, that every Body which approaches 3 

Times nearer to the Center of its Motion, 

gravi- 
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gravitates nine Times more 3 that if it re¬ 

moves three times farther diftant, it will 

gravitate nine Times lefs 3 and that if it re¬ 

moves to an hundred Times the Didance, it 

will gravitate lefs 10,000 Times. 

A Body moving circularly round a Center, 

gravitates then in the reciprocal Proportion 

of the Square of its adual Didance from the 

Center, as alfo in dired Proportion of the 

Quantity of its Matter: It is demondrable 

then, that it is Gravitation which occadons 

its Revolution round the Center, fince with¬ 

out this Gravitation it would remove from it, 

by defcribing a Tangent. This Gravitation 

therefore will be found to ad: mod: drongly 

upon a Body which revolves with mod: Velo¬ 

city round the Center 3 and the farther this 

Body diall be removed, the more dowly will it 

turn, for then it will become the lefs ponderous. 

It is for this Reafon that the Earth, tho’ 

1170 Times lefs than Jupiter, does neverthe- 

lefs weigh but 8 Times lefs than Jupiter upon 

the Body of the Sun 3 and this in dired Pro¬ 

portion of the Quantity of Matter in thefe 

Planets, and in reciprocal Proportion of the 

Squares of their Didances from the Sun. 

Thus 

223 
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Recap!tu- Thus have we demonftrated this Law of 
lation of 

the Proofs Gravitation, in Proportion to the Squares of 
ofGrami- * 
tation. Durances j 

i* By the Orbit which the Moon defcribes, 

and by herDiftance from the Earth, or Cen¬ 

ter. 

2. By the Courfe of every Planet round 

the Sun in an Ellipfis. 

3- By the Companion of the Diftances 

and Revolutions of all the Planets round the 

common Center. 

II wiI1 not be Superfluous to remark, that 

WKcpler ^ame Ru,e Kepler, which ferves to 

confirm the Difcovery of Newton concerning 

firate that Gravitation, confirms alfo the Syftem of Co¬ 
st is the . . , 
Earth fermcus concerning the Motion of the Earth. 

ZutiTh may be Said that Kepler, by this Angle 

f™. Rule, has demonitrated what was difcovered 

before him, and opened the Way to thofe 

Truths which were to be diicovered in after 

Times. For as on the one Side it is demon- 

ftrable, that if the Law of centripetal Forces 

had no Place, Kepler’s Rule would be impof- 

fible: On the other it is demon Arable, that 

according to the fame Rule, if the Sun turned 

round the Earth, we ought to fay; As the 

Revo- 
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Revolution of the Moon round the Earth, is 

to the pretended annual Revolution of the 

Sun round the Earth fo is the fquare Root of 

the Cube of the Moon’s Diftance from the 

Earth, to the fquare Root of the Cube of 

the Sun’s Diftance from the Earth. By this 

Calculation it would be found, that the Sun 

is only 510,000 Leagues from us$ but it has 

been proved, that he is diftant at leaft about 

30 Millions of Leagues: Thus the Motion 

of the Earth then has been ftridtly demon- 

ftrated by Kepler. Here follows another very 

fimple Demonftration, drawn from the fame 

Reafons. 

If the Earth was the Center of the Sun’s ®emon' . 
Jiration of 

Motion, as it is of the Moon’s, the Sun’s Re- the Motion 
of the 

volution would take up 475 Years, inftead Earth, 

of one Year : For the mean Diftance of the from tbe 

Sun from the Earthy is to the mean Diftance 

of the Moon from the Earth as 337 is to 

one: Now the Cube of the Moon’s Diftance is 

1, the Cube of the Sun’s Diftance is 3 8272753 : 

Finifti the Rule, and fay. As the Cube 1 is 

to this Cube Number 38272753 ; fo the 

Square of 28, which is the periodical Revo¬ 

lution of the Moon, is to a fourth Number: 

You 
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You will find that the Sun would employ 

475 Years, infiead of one Year, in making 

its Revolution round the Earth: Which de- 

monftrates, that it is the Earth which turns. 

It feems by fo much the more proper to 

Place thefe Demon fixations here, as there yet 

are Men deftined for thelnftrudtion of Youth, 

in Italy, in Spain, in France, and even in 

England, who doubt, or who affeft to doubt, 

of the Earth's Motion. 

It is proved then by Keplers Law, and by 

that of Newton, that every Planet gravitates 

towards the Sun, the Center of the Orbits 

which they defcribe: Thefe Laws are fulfilled 

in the Satellites of Jupiter, with regard to 

Jupiter, their Center 3 in the Moons of Sa¬ 

turn, with regard to Saturn, and in our 

Moon, with regard to us: All thefe fecondary 

Planets, which roll round their central Pla¬ 

nets, gravitate alfo with their central Planets 

towards the Sun : Thus the Moon, which is 

drawn round the Earth by the centripetal 

Force, is at the fame Time drawn by the 

Sun, round which (he makes her Revolution. 

There is no Variety in the Moon's Courfe, 

in her Diftances from the Earth, in the Fi¬ 

gure 
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gure of her Orbit, fometimes approaching 

to an Elliplis, fometimes to a Circle, £fc. which 

is not from Gravitation, in proportion to her 

Didance from the Earth, and her Didance 

from the Sun. 

If fhe does not always, in her Orbit, ex¬ 

actly defcribe equal Areas in equal Times, Sir 

IJaac Newton has calculated all the Cafes where 

this Inequality muft happen: They all de¬ 

pend on the Attraction of the Sun, which 

draws thefe two Globes in diredt Proportion 

of their Malles, and in reciprocal Proportion 

of the Squares of their Didances. We lhall 

fee, in the next Chapter, that the (mailed 

Variation of the Moon, is a necelfary EffeCt 

of thefe united Powers. 

227 

C H A P. 



228 The Elentents of 

CHAP. XXL 

New Proofs of Attraction. That the 

Inequalities of the Motion a7id Orbit 

cj the Moon are neceffarily the Ef¬ 
fects of Attraction. 

H E Moon hath only one equal Motion, 

that of Rotation round herfelf on her 

own Axis j and this is her only Motion 

which we cannot perceive : It is this Motion 

that prefents us always, within a Trifle, with 

the fame Difc of the Moon ; fo that while 

file really turns round upon herfelf, (he ap¬ 

pears not to turn at all, and to have only a 

fmall Motion of Balancing, of Libration, 

which (he has not, but which all Antiquity 

attributed to her. 

All her other Motions round the Earth are 

unequal, and ought fo to be, if the Rule of 

Gravitation be true. The Moon, in her 

Monthly Courfe, is neceffarily nearer the Sun 

in one certain Point, and at one certain Time 

of her Courfe: Now in this Point, and at 

this Time, her Quantity of Matter remains 

the 
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the fame: Her Diftance only being changed, 

the Attraction of the Sun ought to change 

in reciprocal Proportion of the Square of 

this Diftance : The Courfe of the Moon 

ought then to change; (he ought to move 

fwifter at certain Times, than the Attraction 

of the Earth alone occaffons her to move: 

Now by the Attraction of the Earth (he 

ought topafs over equal Areas in equal Times, 

as you have already obferv’d in Chap. 19. 

One cannot help admiring the Sagacity with 

which Sir ljaac Newton has cleared up all 

thefe Inequalities, and regulated the Courfe of 

this Planet, which remained a Secret before, 

after all the Refearches of Aftronomers: It 

is upon this Account, above all, that we may 

fay : 

Nec propius fas eft mortali attingere Divos. 

Among the Examples that maybe chofen, Proof by 

let us take this: Let A be the Moon; A,B,N,Q, pieE*af* 

the Orbit of the Moon; S, the Sun ; B, the 

Place of the Moon in her la ft Quarter. 

She is nowmanifeftly at the fame Diftance 

from the Sun as the Earth. The Difference 

of the Obliquity of her Line of Direction to 

the 
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the Sun being counted for nothing, the Gra¬ 

vitation of the Earth and of the Moon towards 

that Luminary is apparently the fame. The 

Earth, however, advances in its annualCourfe 

from T to V, and the Moon in her Monthly 

Courfe advances to Z. Now in Z it is ma- 

nifeft that (he is more drawn by the Sun, S, 

to which (he finds herfelf nearer than the 

Earth : Her Motion then will be accelerated 

from Z towards N, and the Orbit that the 

defcribes will be changed : But how will it 

be changed ? In being flattened a little, in 

approaching more to a right Line from Z to¬ 

wards N. Thus, from Moment to Moment, 

Gravitation changes the Courfe and Form of 

the Ellipfis, in which this Planet moves. 

By the fame Reafon the Moon ought to 

flacken her Courfe, and to change again the 

Figuie of the Orbit that the defcribes, when 

file returns from her Conjunction N, to her 

fiift Quarter Qp for fince from herlafl: Quar¬ 

ter the accelerated her Courfe, by flattening 

the Curve towards N, her Conjunction ; fhe 

ought to flacken the fame Courfe by fwelling 

out the Curve, in returning from her Con- 

junCtion to her firfl Quarter. 

But 
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But when the Moon afcends from this flrfl 

Quarter towards her Full, A, die being then 

farther from the Sun, is lefs attracted by it, 

and gravitates more towards the Earth. Then 

the Moon accelerating her Motion, the Curve 

that (he defcribes is again flattened a little, as 

in her Conjunction. And this is the only 

Reafon for which the Moon is farther from 

us in her Quarters, than in her Conjunction 

and Oppofltion. The Curve that the defcribes 

is a kind of Oval, approaching to a Circle, 

almoft in this Manner. 

Thus the Sun then, to which (lie approaches, 

or from which die recedes at every Inflant, 

mud: at every Inflant vary the Courfe of this 

Planet. 

She hath alfoher Apogaeon and her Perigae- We Ine¬ 
qualities of 

on,her greatefl and her lead: Diflancefrom the ‘the Moon's 

Earth; But the Points, the Places of this Apo- ^Z/fdly 

g$on hT' 
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g£on and Perigason, mull neceffarily change. 

She hath her Nodes, that is to fay, the 

Points where the Orbit ilie defcribes meets 

precifely the Orbit of the Earth : Bat thefe 

Nodes, thefe Points of InterfeCtion, mufl 

alfo continually vary. 

She hath her Equator, inclined to the Equa¬ 

tor of the Earth : But this Equator, fome- 

times more and lometimes lets attracted, mull 

likewife change its Inclination. 

She follows the Earth notwithftanding all 

theie Varieties, and accompanies it in its annual 

Courfe : But the Earth, in this Courfe, is 

found to be a Million of Leagues nearer the 

Sun in Winter than in Summer. What is 

the Confequence of this, independent of all 

thefe other Variations ? The Attraction of 

the Earth aCts more fully upon the Moon in 

Summer, and then the Moon hnifhes her 

Monthly Courfe a little fooner : But, on the 

contrary, in the Winter, the Earth itfelf be¬ 

ing more attracted by the Sun, and moving 

with greater Velocity than in Summer, fuffers 

the Motion of the Moon to diminith, and 

her Winter Months to be a fmall Matter 

longer than her Summer ones. The little 

that 



NewtonV Philofophy. 233 

that we fay of them, may fuffice to give a 

general Idea of thefe Changes. 

If any one ffiould here Hart the Difficulty, 

which I have heard fometimes propofed, why 

the Moon, when ffie is moft attracted by 

the Sun, does not fall upon that Luminary ? 

We have only to confider for the prefent, that 

the Force of Gravitation, which direds the 

Moon round the Earth, is only diminiffied 

here by the Adion of the Sun * : We ffiall 

fee farther in the Article of Comets, why a 

Body which moves in an Ellipfis, and ap¬ 

proaches its Center, neverthelefs does not im¬ 

pinge upon this Center. 

From thefe Irregularities of the Lunar Deduaion 

Courfe, caufed by At trad ion, you will rea- 

fonably conclude, that no two Planets fuf- 

ficiently near, Efficiently large to ad upon 

one another fenfibly, can at any Time move 

round the Sun in Circles, or even in Ellipfes 

abfolutely regular. Thus the Curves defcribed 

by Jupiter and Saturn, for Example, ane fub- 

jed to fenfible Variations, when thefe Pla- 

* The Diftance of the Moon from the Sun being 
vaftly greater than from the Earth, fhe is attra&ed as much 
by the Earth as to overcome that of the Sun, and to ba¬ 
lance the centrifugal Force. 

nets 
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Gravita¬ 

tion is not 

the Effect 

of the Pla¬ 

nets 

Courfesy 

hut their 

Courfes are 

the Ejfeft 

of Gravi¬ 

tation. 

*The Elements of 

nets are in Conjunction when, being the 

neareft that poffibly they can be to each other, 

and the farthefl from the Sun, their mutual 

ACtion augments, and that of the Sun on 

them diminishes. 

This Gravitation then, augmented and 

leffened in proportion to the Distances, ne- 

ceffarily affigns an irregular elliptical Figure 

for the Way of the greateft Part of the Pla¬ 

nets : Thus the Law of Gravitation is not the 

EffeCt of the Planetary Courfes, but the Or¬ 

bits which the Planets defcribe are the EffeCt 

of Gravitation. If this Gravitation was not, 

as it really is, in reciprocal Proportion of the 

Squares of Diitances, the prefent Order of 

the Univerfe could not fubfift. 

If the Satellites of Jupiter and Saturn make 

their Revolution in Curves which approach 

nearer to a Circle, it is becaufe being very 

near the great Planets that are their Center, 

and very far from the Sun, the AClion of the 

Sun cannot change the Courfe of thefe Satel¬ 

lites, as it changes that of our Moon. It is 

manifeft then, that Gravitation, the Name 

of which alone feems fuch a ftrange Paradox, 

is a neceffary Law in the Conflitution of the 

World : 
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World: So true, very often, is a thing that 

hardly has the Appearance of Probability! 

Let us remember here, how abfurd the Opi¬ 

nion formerly feemed, that the Earth was not 

fpherical; and yet it has been proved, that the 

Earth cannot have an entirely fphericalForm ; 

The like may be faid concerning Gravitation. 

There is not at prefent any good Natura- 

lift, who does not acknowledge both Kep¬ 

lers Rule, and the Neceflity of admitting a 

Gravitation fuch as Newton has proved: But 

there are yet fome Philofophers attached to 

their Vortices of fubtile Matter, who would 

willingly reconcile thefe imaginary Vortices 

with thefe other demonftrable Truths. 

We have already feen, how far thefe Vortices This Gra. 

are from being probable: But this Gravitation 

itfelf, does it not furnilh a frelh Demonftra- traStl°n* 

tion againft them ? For fuppofing that thefePrjn- 

Vortices exifted, they could not turn round bnjbed in 

a Center but by the very Laws of this Gra¬ 

vitation. We mufl: have recourfe to Gravi¬ 

tation, as the Caufe of thefe Vortices, and 

not to the pretended Vortices as the Caule of 

Gravitation. 

If 
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If at laft, being forced to abandon their ima¬ 

ginary Vortices, thefe Gentlemen are reduced 

to fay that this Gravitation, this Attraction, 

depends on fome other Caufe, or fome other 

fecret Property of Matter; either that Pro¬ 

perty will itfelf be the EffeCt of fome other 

Property unknown, or elfe it will be a pri¬ 

mary Caufe, a firft Principle eftablifhed by 

the Author of Nature: Now why may not 

the Attraction of Matter itfelf be this firft 

Principle * ? 

Some tell us that Matter being purely paffive cannot 
be an a&ive Principle, elfe it might move itfelf as well 
as draw • we muff then fay it is fo, becaufe God would 
have it fo, and fo it’s not an intrinfic effential Property • 
for the Sun repells the Light from it, and the Particles of 
Air one another in Rarefaction: Thus God the General in 
the Univerfe gives different Orders to different Bodies. 

CHAP 
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CHAP. xxir. 

New Proofs and new EffeSis of Gra¬ 

vitation. 7hat this Power is in 

every Particle of Matter. Difco- 

veries dependent on this Principle. 

WE may colled from all thefe Notions, 

that the Centripetal Force, Attrac¬ 

tion, Gravitation, is the indubitable Principle 

of the Planetary Courfes *, of the Defcent 

of all Bodies, and of that Ponderofity which 

we experience in Bodies. This Centripetal 

Force, this Attra&ion, is not, nor can be, 

the fimple Power of one Body to draw ano¬ 

ther to itfelf: We (hall confider it here as a 

Power, from which refults the Motion round 

a Center: This Power caufes the Sun to gra¬ 

vitate towards the Center of the Planets, as 

the Planets gravitate towards the Sun, and 

draws the Earth towards the Moon, as well 

as the Moon towards the Earth. 

One of the primitive Laws of Motion, is 

yet a fuller Demonftration of this Truth. 

* It is in Conjun&ion with the Projectile Force. 
This 

237 
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This Law is, that Re-adion is equal to Ac¬ 

tion : Thus if the Sun gravitates on the Pla¬ 

nets, the Planets gravitate on the Sun; and 

we (hall fee at the Beginning of the following 

Chapter, in what manner this great Law o- 

perates. 

Now this Gravitation acting necelTarily in 

dired proportion of the Quantity of Matter, 

and the Sun being about 760 Times as mafly 

as all the Planets put together (without rec¬ 

koning the Satellites of Jupiter, and the 

Ring and Moons of Saturn) it follows that 

the Sun mud: be their Center of Gravitation, 

and consequently, that they muff revolve 

round that Luminary. 

Jgeneral Let us carefullv remark, that, when we 

tant Re- fay, the Power of Gravitation ads in dired 
mark con- T) . r . 

teming the * roportion of the Quantities of IVIatter, we 

Jt'Oraml aIways underhand that this Power of Gravita¬ 

tion ads fo much the more hrongly on a Body, 

as this Body has a greater number of Particles; 

and we havedemonhrated it, in {hewing that a 

Sti aw defcends as fwiftly in the IVTachine purged 

of Air, as a Pound of Gold. We have faid 

(making Allowance only for the fmall Refi¬ 

nance of the Air) that a leaden Ball, for Ex¬ 

ample, 
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ample, falls fifteen Feet in one Second upon 

the Surface of the Earth : We have demon- 

ftrated, that this fame Ball would fall only fif¬ 

teen Feet in a Minute, if it was removed from 

the Earth, as the Moon is, 60 of the Earth's 

Semidiameters: Therefore the Power of the 

Earth upon the Moon is to the Power that it 

would have upon a leaden Ball tranfported to 

the Elevation of the Moon, as the folid Bo¬ 

dy of the Moon would be to the folid Body 

of this Ball. It is in this Proportion that the 

Sun adls upon all the Planets; he draws Ju¬ 

piter and Saturn, and the Satellites of Jupiter 

and Saturn, in diredt proportion of the Quan¬ 

tity of folid Matter that is in each of thefe 

primary and fecondary Orbs. 

From hence flows an inconteflible Truth ; 

that this Gravitation is not only in the whole 

Mafs of every Planet, but in every Particle of 

that Mafs; and that thus there is not an 

Atom of Matter in the Univerfe, but what is 

inverted with this Property. 

From among the Methods in which New¬ 

ton has demonrtrated that Gravitation is equal¬ 

ly in every Atom, we will chufe here the 

moft Ample. If all the Parts of a Globe had 
not 
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not equally this Property, if there werefome 

weaker and fome dronger Particles, a Pla¬ 

net, in turning upon its own Axis, would 

neceflarily prefent fometimes weaker and 

fometimes dronger Tides at the fame Didance: 

Thus the fame Bodies, on all poffible Occa- 

fions, would experience at an equal Didance, 

now one Degree of Gravitation, now ano¬ 

ther : The Law of reciprocal Proportion of 

the Squares of Didances, and the Law of Kep¬ 

ler, would be always inverted, or proved not 

to lubfid: Therefore there is not, in all the 

Planets, any one Particle of Matter that gra¬ 

vitates more than another. 

Here follows another Demondration of 

the fame Truth. If there were Bodies in 

v/hich this Property was different, fome Bo¬ 

dies would fall more flowly, others more 

fwiftly, in the empty Air-Pump. But all 

Bodies fall in the fame Time; and all Pendu¬ 

lums of equal Length, whether of Gold, of 

Silver, of Iron, of Maple-wood, orofGlafs, 

make equal Vibrations in the Air in equal 

Times: Therefore all Bodies have this Proper¬ 

ty of Gravitation precifely in the fame De¬ 

gree, that is, precifely in proportion to their 

Mafs* 
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Mafsj fo that Gravitation adts as a hundred 

upon a hundred Atoms, and as ten upon ten 

Atoms. 

From Truth to Truth the human Mind 

rifes infenfibly to fuch fublime Points of 

Knowledge, as feem to be entirely out of its 

Sphere. 

Sir Ifaac Newton has ventured, by the help A bold and 

only of the Laws of Gravitation, to calculate Caicuia- 

what mull be the Weight of Bodies in other Newton. 

Globes befides this which we inhabit; what 

the fame Body, for Inflance, which we here call 

a Pound, mud weigh in the Moon, in Sa¬ 

turn, in the Sun: And as thefe different 

Weights depend diredtly on the Quantity of 

Matter in thefe Globes, it was neceffary to 

calculate what that Quantity is. Let it not be 

faid, after this, that Gravitation, that Attrac¬ 

tion is an occult Quality: Let not any one dare 

to call by this Name an univerfal Law, which 

leads to fuch aftonilhing Difcoveries ! 

There is nothing more eafy than to know 

the Magnitude of any Celeftial Orb, from the 

Moment that its Diameter is known: For 

the Product of the Circumference of the great 

Circle by the Diameter, gives the Surface of 
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the Globe; and the third of the Product of 

this Surface by the Semi-diameter, (hews the 

Magnitude. 

But by knowing the Magnitude, we learn 

nothing at all of the Quantity of Matter 

which this Orb contains. This too may be 

known, by that admirable Difcovery of the 

Laws of Gravitation. 

Howto ift. When the Denfity, or Quantity of 

Quantity Matter of any Globe is mentioned, we fuppofe 

°{^Globe, lattice Matter of this Globe is homogeneous; 
f°r ExamPle> that ™ry Cubic Foot of this 

Bodies Matter is equally weighty. 
weigh up- ,. 
on dijiant ^aly, tLvery Globe attracts in dire51 propor- 

Globes- tion of the Quantity of its Mafs: Thus, all 

things equal, a Globe which fljall have io 

Times more Matter, will attratt, at the fame 

Difiance, io Fimes morefrongly than one of 

but a 10 th Part of the Sub fiance. 
3dly, It is abfolately necejfary to confider the 

Magnitude of the Circumference of the Globe un¬ 

der Examination : For the larger the Circum¬ 

ference, the more the Di fiance from the Center 

augments, and it at trails in reciprocal Ratio 

of the Square of this Difance. If the Diame- 

ter of the Planet A, for Infance, is four Fimes 

larger 
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larger than that of the Planet B, both having 

an equal Quantity of Matter y the Planet A, 

‘will at trail Bodies to its Surface 16 Fimes lefs 

than the Planet B, and that which weighs a 

Pound upon the Planet A, will weigh 16 

Pounds upon the Planet B. 

4thly, It mujl be known, above all, in how 

long Time the Bodies at trailed by the Globe, 

whofe Denfty we enquire after, make their 

Revolution round this Globe: For, as we have 

feen in Chap. XIX. every Body circulating 

round another, gravitates the more, the more 

fwiftly it turns: Now it muf be for one of 

thefe two Reafons that it gravitates the more, 

either becaufe it approaches nigher the Center 

which attrails it, or becauje this attrailing 

Center contains more Matter. If I would 

know, therefore, the Denfty of the Suny tn 

comparifon with the Denfty of the Earth, 1 

muft compare the Pi me of the Revolution of 

fome Planety as VenuSy round the Suny with 

the Courfe of the Moon round our Earthy and 

the Diftctnce of Venus from the Sun, with the 

Difance of the Moon from the Earth. 

5thly, I proceed thus. The Quantity of the 

Suns Matter^ in comparifon with that of the 

Earthy 
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Earthy is as the Cube of the Diflance of Venus 

from the Center of the Sun to the Cube of the 

Moons Diftance from the Center of the Earthy 

(taking the Diftance of Venus from the Sun to 

be 257 Times as great as that of the Moon 

from the Earth) and atfo in reciprocal Propor¬ 

tion of the Square of the periodical Revolution 

of V enus round the Suny to the Square of the 

periodical Revolution of the Moon round the 

Earth. 

Phis Operation being made, fuppojing always 

that the Sun is in Magnitude to the Earth as a 

Million to onCy and counting fill m round 

NumberSy you will find that the Sun, a Million of 

Tunes larger than the Earthy contains only 

250,000 Times as much Matter, or therea¬ 

bouts. 

This being JuppoJedy I would know what Pro¬ 

portion is found between the Force of Gravita¬ 

tion on the Surface of the Suny and that fame 

Force on the Surface of the Earth ; I would 

knowy in a IVordy how much that Body which 

weighs a Pound herey would weigh upon the 

Sun. 

To come at this, 1 fay; the Force of this 

Gravitation depends dire&ly on the Denfity of 

the 



Newtons Philofophy. 

the attracting Globes, and on the Dijiance of 

the Center of thefe Globes from the ponderous 

Bodies on their Surface. Now the Difiance be¬ 

tween the Bodies and the Center, is precijely the 

Semi-diameter of the Globes : But the Semi¬ 

diameter of the Globe of the Earth is to that of 

the Sun as i to ioo, and the reffective Den- 

fity of the Earth is to that of the Sun as 4 to 

1 : jthen I fay as 100, the Semi-diameter 

of the Sun, multiplied by 1, is to 4, the Den- 

jity of the Earth, multiplied by 13 Jo is the 

Weight of Bodies upon the Surface of the Sun 

to the Weight of the fame Bodies upon the Sur¬ 

face of the Earth. This proportion between 

100 and 4, being reduced to other Terms, is 

as 25 to 1 : A Pound', therefore, weighs 25 

Pounds upon the Surface of the Sun , which an- 

fwers my fueflion. 

I have Jiippofed here the refpeClive Denfties 

of the Earth and Sun to be as 4 to 1 ; but this 

is not the exaCl Proportion : The Weight of 

Bodies, therefore, upon the Surface of the Sun, 

is to that of Bodies upon the Earth, not as 25, 

but as 24 to 1. 

We cannot have the fame Notions con¬ 

cerning all the Planets j for thofe which have 

245 
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no Moons, no Satellites, being dellitute of 

Orbs of Comparifon, cannot be fubjedl to 

our Relearches: Thus we know not the Pro¬ 

portion of Gravity, that fubfifts between 

Mercury, Mars, Venus, and us, but we 

know that of the other Planets. 

I proceed to give a Ihort Theory of all 

our Planetary World, fuch as the Difcove- 

ries of Sir IJ'aac Newton make it appear to 

us. Thole who would become Mailers of 

the more profound Reafon of thefe Calcu¬ 

lations, may read Sir IJ'aac himfelf, or Mr. 

Gregory, or Mr. Gravefande. The Reader 

need only be informed, that in following 

the Proportions difcovered by Newton, we 

have kept to the Allronomical Calculation 

of the Paris Oblervatory. Whatever the 

Calculation may be, the Proportions and 

Proofs are the fame. 

CHAP. 
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CHAP. XXIII. 

The Theory of our Planetary World. 

The SUN. 

HE Sun is the Center of our Planetary 

World, and ought neceffarily to be 

there. We do not mean by this, that the 

middle Point of the Sun is precifely the Cen¬ 

ter of the Univerfe ; but that the central Point 

towards which our Univerfe gravitates, is ne- 

celTarily in the Body of that Luminary, and 

all the Planets, having once received their 

projedtile Motion, muff continually turn round 

this Point, which is in the Sun. We prove 

it thus. 

Let the g reate if of thefe two Globes, A, and 

B, repreferit the Sun, and the leaft any Planet 

whatfoever. If they are both abandoned to 

the Law of Gravitation, and free from all 

other Motion, they will be attracted in diredl 

Proportion of their Quantity of Matter ; 

they will be determined towards one ano¬ 

ther in a ffraight Line ; and A, being 

a Million of Times larger than B, will force 

B to move towards it a Million of Times 

fader than A will move towards B. 

But 
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Demon- 

fir at ion of 

the Earth's 

Motion 

round the 

Sun, 

drawn 

from the 

Law of 

Gravita¬ 

tion. 

F 

But let them both have a projedtile Mo¬ 

tion, in proportion to their Malles*, the Pla¬ 

net in the Line B, C, the Sun in the Line 

A, D, and then the Planet is under two For¬ 

ces ; it tends in the Line B, C, and gravitates 

at the fame time towards the Sun in the 

Line A, B : It will therefore defcribe the 

Curve B, F ; and the Sun, in like manner, 

wid follow the Line A, E; and both, gravi¬ 

tating towards each other, will turn round 

a common Center : But the Sun furpaffing 

the Earth in Magnitude a Million of Times, 

and the Curve A, E, which he will defcribe, 

being a Million of Times lefs than that which 

the Earth delcribes, this common Center is 

necelfarily near the Middle of the Sun. 

* The Sun can have no proje&ile Force 
Earth j for the Earth hath it not from the 
an intelligent Being, 

, not from’the 
Sun, but from 

It 
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It is hereby again demonftrated, that the 

Earth and the Planets turn round this Lumi¬ 

nary : And this Demonftration is by fo much 

the more beautiful and ftrong, as it is entirely 

independent on Obfervation, and founded 

upon the primordial Mechanifm of the 

World. 

If we make the Diameter of the Sun equal rbeSuns 

to 100 Diameters of the Earth, and if confe- 

quentlv, the Sun furpafies the Earth a Mil¬ 

lion of Times in Magnitude ; it will follow, 

he is 760 times larger than all the Planets to¬ 

gether, leaving out the Satellites of Jupiter 

and Saturn’s Ring. He gravitates towards the 

Planets, and the Planets too gravitate towards 

him j it is this Gravitation that makes them 

circulate, by drawing them from a Tangent*; 

and the Attraction which the Sun exercifes 

upon them, furpaffes that which they exer- 

cife upon him, as much as he furpaffes them 

in Quantity of Matter. Never lofe Sight 

of this Truth, that reciprocal Attraction is 

nothing but the Law of moveable Bodies, all 

gravitating, and all turning round one com¬ 

mon Center. 

* Nothing determines the Sun to move in a Tangent. 

The 
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He turns The sun then turns round this common 
on bis oivn 

Axis round Center, that is, upon his own Axis, in 2 c 

Center of Days and i. His middle Point is always a 

taryWorld. diftant from this common Center of 

Gravity, and his Body removes from it in 

proportion as feveral Planets in Conjundion 

attract him towards them : But if all the 

Planets were on one Side, and the Sun on the 

other, the common Center of Gravity would 

hardly be out of the Sun’s Body; their united 

Forces being fcarcely fufficient to diforder and 

remove the Sun one entire Diameter. 

fjif1' He really changes Place then every Mo- 

P/WT* menh according as he is more or lefs attracted 

by the Planets ; and this little Approach of 

the Sun re-ellablifhes that Diforder which 

the Planets operate on one another: Thus the 

continual Irregularity of this Luminary pre- 

ferves the Order of Nature, 

Tho’ he furpaffes the Earth in Magnitude 

a Million of Times, he contains not a Mil¬ 

lion of Times as much Matter, as was be¬ 

fore faid. 

If he was adually a Million of Times more 

folid, more compad than the Earth, the Or¬ 

der of the World would not be what it now 
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is: For the Revolutions of the Planets, and 

their Distances from their Center, depend on 

their Gravitation, and their Gravity is in di¬ 

rect Proportion of the Quantity of Matter in 

the Globe which is their Center: Therefore 

if the Sun furpaffed our Earth and our Moon 

in folid Matter to fuch a great Excefs, the 

Planets would be much more attracted, and 

their Ellipfes much lefs regular, than they 

are at prefent. 

In the fecond Place, the Matter of the Sun 

cannot be in proportion to his Magnitude; 

for his Globe being all on fire, its Rarefac- His Den- 

tion is neceffarily very great, and the Matter ^ty' 

is lefs in proportion as the Rarefaction is 

greater. 

By the Laws of Gravitation it appears, that 

the Sun contains but 250,000 Times as much 

Matter as the Earth : Now the Sun, a Mil¬ 

lion of Times larger, being but the fourth 

Part of a Million more material than the 

Earth; the Earth, a Million of Times lefs, 

has in Proportion four Times as much Mat¬ 

ter as the Sun, and is four Times as denfe. 

The fame Body, according to this Com¬ 

putation, which weighs a Pound upon the 

Sur- 
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In nxhat 

Proportion 

Bodies de- 

fcend upon 

the Sun. 

Surface of the Earth, would weigh 25 Pounds 

upon the Surface of the Sun : But the true 

Proportion is only of 24 to 1, becaufe the 

Earth is not in Effe<ft four Times as denfe 

as the Sun, and becaufe the Diameter of the 

Sun furpades that of the Earth only 95 Times 

and an half. 

The fame Body which defcends here 15 

Feet in the firft fecond, would defcend about 

350 Feet upon the Surface of the Sun, all 

other things being equal. 

The Sun lofes daily, according to Sir Ifaac, 

a little of his Subfiance, and would be in the 

Revolution of many Ages reduced to no¬ 

thing, if the Comets, which from Time to 

Time impinge on his Sphere, did not ferve 

to repair his Lodes; for every thing in the 

Univerfe alters, and is repaired. 

MERCURY. 

From the Sun to the Diflance of eleven or 

twelve Millions of French Leagues, or there¬ 

abouts, there does not appear any Globe. 

At 11 or 12 Millions of Leagues from the 

Sun is Mercury, in his mean Diftance. This 

is the mod; excentric of all the Planets 5 he 

turns 
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turns in an Ellipfis, which puts him in his 

Perihelion near a third Time nearer the Sun 

than in his Aphelion : Such is, within a 

Trifle, the Curve that he defcribes. 

9 

Mercury is almoft 27 Times lefs than the 

Earth : He turns round the Sun in 88 Days, 

which conftitute his Year. 

His Revolution upon his own Axis, which Newton’* 
. . , Idea con- 

makes his Day, is unknown ; nor can either cerning the 

his Weight, or his Denfity, be afcertained. 

We only know, that if Mercury be an Earth 

exactly like ours, the Matter of its Globe 

muft be about 8 Times more denfe than ours: 

Otherwife,every thing there would be in fuch 

a Degree of Effervefcence, as would deftroy 

Animals of our Species in an Inftant, and 

caufe 
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caufe all Matter of the Confidence of the 

Waters on our Globe to evaporate. 

Here follows a Proof of this Affertion. 

Mercury receives about 7 Times more Light 

than we, in Proportion to the Square of 

Didances, becaufe it is about 2f Times nearer 

the Center of Light and Heat ; it is therefore 

7 Times more fuffocaled, all things being 

equal. Now upon our Earth the great Heat 

of Summer being augmented y or 8 Times, 

makes the Water boil up immediately in 

large Bubbles: Therefore it is neceffary that 

every thing diould be about y Times more 

denfe than it is, to refid y or 8 Times as 

much Heat as the mod fcorching Summer 

produces in our Climates: Therefore Mercury 

ought to be at lead 7 Times more denfe than 

our Earth, to make it podible for the fame 

Things as fubfid in our Earth to fubfid in the 

Globe of Mercury, all things being equal. 

Finally, if Mercury receives about 7 Times 

more Rays than our Globe, becaufe it is about 

2! Times nearer the Sun ; by Parity of Rea- 

fon, the Sun appears in Mercury 7 Times 

larger than on our Earth. 

VENUS. 
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VENUS. 

After Mercury is Venus, at between 21 and 

22 Millions of Leagues from the Sun in its 

mean Diftance : It is as large as the Earth, 

and its Year conllfts of 224 Days. We do 

not yet know the Length of its Day, that 

is, of its Revolution on its own Axis. Very 

great Aftronomers believe this Day to be only 

23 Hours; others lengthen it to 25 of our 

Days. There have not hitherto been made 

any Obfervations, fufficiently certain to fhew 

on which Side is the Error : But this Error, 

wherever it be, can be only a Miftake of the 

Eyes, an Error of Obfervation, and not of 

Judgment. 

The Ellipfis which Venus defcribes in its 

Year, is lefs eccentric than that of Mercury: 

One may form to himfelf fome Idea of the 

Way of thefe two Planets round the Sun, 

from the fubfequent Figure. 

It 
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Trediaion It \$ not foreign to our Purpofe to remark 
of Coper- & * 
nicus con- here, that Venus and Mercury have different 

Pba/sof Phafes with regard to us, as well as the 

Moon. Copernicus was formerly reproached, 

for that thefe Phafes ought to appear in his 

Syftem ; which it was concluded was falfe, 

becaufe no fuch Phafes could be perceived. 

If Venus and Mercury, faid his Antagonifts, 

turn round the Sun, and we turn in a greater 

Circle, we ought to fee Venus and Mercury, 

fometimes full, fometimes increafing, &c. 

but this is what we have never feen. It is ne- 

verthelefs what really happens, anfwered Co- 

pernicus, and what you will fee hereafter, if 

ever you find Means to make your Sight 

more perfect. The Invention of Telefcopes, 

and the Obfervations of Galileo, confpired 

foon after to accomplifh the Predi&ion of Co- 

pernicus. 
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pernicus. As to other Particulars, nothing 

certain can be faid concerning the Quantity 

of Matter in Venus, or the Ponderofity of 

Bodies on this Planet. 

Pbe EARTH. 

Next after Venus is placed the Earth, at 

30 Millions of Leagues from the Sun, or 

thereabouts, at leaft in its mean Diftance. 

It is near a million of Times lefs than the 

Sun, towards which it gravitates, and round 

which it revolves in an Ellipfis in 365 Days, 

5 Hours, and 48 Minutes; travelling at leaft 

180 Millions of Leagues every Year. The 

Ellipfis which it deferibes is very irregular, 

on Account of the Moon’s Adtion upon it; fo 

that while the common Center of the Earth 

and the Moon deferibes a true Ellipfis, the 

Earth actually deferibes the following Curve 

every Lunar Revolution. 

!the infenfible Curve which the Earth deferibes each 
Lunation. 

2 57 

The 
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What is The Earth’s Rotation upon its own Axis 

t/tbeDi- fr°m Weft to Eaffi conftitutes its Day of 23 

7atf!n f/~ Hours, 56 Minutes. This Motion is not 

the Earth. the Effedt of Gravitation. It feems impoffi- 

ble here, in particular, to have Recourfe to 

that fufficient Reafon fpoken of by that great 

Philofopher Leibnitz. It is abfolutely necef- 

fary to confefs, that the Planets and the Sun 

might as well turn from Eafl to Weft: 

Therefore we mult allow, that this Rotation 

from Weft to Eaft is an Effedt of the Free¬ 

will of the Creator, and that this Free-will is 

the only fufficient Reafon that can be affiign- 

ed for it. 

The Earth has another Motion, which is 

finifhed by its Poles in 25,920 Years. Its 

Gravitation towards the Sun and the Moon is 

evidently the Caufe of this Motion, as wefhall 

prove in the 25th Chapter. 

The Earth has yet another Revolution, 

much more ftrange, the Caufe of which 

is unknown, the Length of which afto- 

nifhes the Imagination; and feems to pro- 

mife a Duration to the human Species be¬ 

yond what they dare think of. This Period 

confifls, according to all Appearances, of a 

million, 
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million, nine hundred and forty four thou- 

fand Years. It is here that we muff infert 

what is known of this furprifing Difcovery, 

before we finifh the Article of the Earth. 

259 

A Digression. 

Concerning the Period of 1,944,000 Tears% 

newly di/covered. 

E^ypt and Part of A/ia, from whence all 

the Sciences that now feem to circulate in the 

World devolv’d to us, preferved antiently ail 

immemorial,extravagant, uncertain Tradition, 

but which could not be without fome Foun¬ 

dation. They faid, that prodigious Changes 

had been made in our Globe, and in the 

Heavens with regard to our Globe. The 

bare Infpedlion of the Earth gives great 

Weight to this Opinion. 

We fee that the Waters have fucceflively 

covered and abandoned the Beds which con¬ 

tain them. The Vegetables and Fifhes of 

India, found in the Petrifications of our Eu¬ 

rope, the Numbers of Shells found in Ranges 

in the Mountains, render fufficient Tefti- 

mony to this antient Truth, 

Ovid\ 



260 The Elements of 

Ovid, explaining the Philofophy of Py¬ 

thagoras, and introducing a Difcourfe of that 

Pupil of the AJian Sages, Ipeaks in the Name 

of all the Oriental Philofophers, when he fays: 

Nil equidem durare din fub imagine eddem 

Crcdiderim ; Jic ad ferrum venijlis ab auro 

Seen la, ftc to ties verfa eft for tuna locorum. 

Vidi ego quodfuerat quondam folidiftima tellus 

Eft'efreturn: vidi fadlas ex aquore terras: 

Et procul a pelago concha jacuere marina : 

Et vet us invent a eft in montibus anchor a 

ftummis. 

Quodque fuit campus, vallem decurfus aquarum 

Fecit, & eluvie mons eft dedudtus in aquor, 

Eque paludofa Jiccis humus aret arenis. 

Which Verfesare thus tranflated by Mr. Dry- 
den : 

That Forms are chang’d I grant; that no¬ 

thing can 

Continue in the Figure it began: 

The golden Age to Silver was debas’d; 

To Copper that; our Metal came thelaft. 

The Face of Places, and their Forms, decay • 

And what was folid Earth, converts to Sea: 

Seas in their turn retreating from the Shore, 

Make folid Land, what Ocean was before : 

And 
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And far from Strands are Shells of Fifties 

found 3 

And rally Anchors fix’d on Mountain 

Ground: 

And what were Fields before, now wafh’d 

and worn, 

By falling Floods from high, to Vallies turn, 

And crumbling hill defcend to level Lands ; 

And Lakes, and trembling Bogs, are barren 

Sands: 

And the parch’d Defart floats in Streams 

unknown; 

Wond ring to drink of Waters not her own. 

This was the Opinion of the Eaft • and we 

do it no Injury by reporting it in Verfe, the 

antient Language of Philofophy. 

To thefe Teftimonies which Nature gives, 

of fo many Revolutions which have changed 

the Face of the Earth, correfponds an Idea 

of the antient Egyptians, a People formerly 

fkill’d in Geometry and Aftronomy, before 

Superftition and Sloth had reduced them to 

Contempt. This Idea was, that the Sun, in 

former Ages, rofe in the Weft. It was a 

Tradition, indeed, as obfcure as their Hiero- 

glyphicks. Herodotus, who may be looked 

upon 
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upon as an Author too modern, and confe- 

quently of little Weight with regard to fuch 

Antiquities, reports in his Book Euterpe, that, 

according to the Egyptian Prieds, the Sun, 

in the Space of eleven thoufand three hun¬ 

dred and forty Years (and the Egyptian Year 

confided of 365 Days) had rifen twice where 

he now fets, and fet where he rifes, without 

there being the lead Change in Egypt, occa- 

fioned by this Variation of the Solar Courfe. 

Either the Prieds, who related this Event 

to Herodotus, explained themfelves imperfedl- 

ly, ox Herodotus mifunderdood them. For it 

might be a probable Tradition among Philo- 

fophers, that the Sun had changed his Courfe; 

but that the Cardinal Points fhould be twice 

changed in eleven thoufand and odd Years, 

was a thing impoffible. Thefe two Revolu¬ 

tions, as we are going to make it appear, 

could not happen in much lefs than 4 Mil¬ 

lions of Years. The entire Revolution of the 

Poles of the Ecliptic, or the Equator, is fi- 

nifhed in about 1,944,000 Years; and this 

Revolution of the Ecliptic and the Equator 

alone, by the Help of the diurnal Motion of 

the Earth, is fufficient to turn our Globe 

fuc- 
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fucceftively to the Eaft, to the South, to the 

Weft, to the North. Thus it is in a Period 

of no lefs than 1,944,000 Years, that our 

Globe could twice fee the Sun rife in the 

Weft, and not in j 10 Centuries only, accord¬ 

ing to the wild Report of the 'Theban Priefts, 

and of Herodotus, the Father of Hiftory and 

Falfhood. 

Befides, it is impoftible that this Change 

could happen, and Egypt not be affe&ed by 

it: For if the Earth, in turning daily on it- 

felf, had fucceftively finished its Year from 

Weft to Eaft, from North to South, from 

Eaft to Weft, and from South to North, by 

railing itfelf on its Axis 5 it may be clearly 

perceived, that the Polition of Egypt, and of 

all the Climates of the Earth, mull have been 

changed. The Rains, which have fo long 

continued to fall from the Tropick of Ca¬ 

pricorn, and which fertilize Egypt by fwell- 

ing the Nile, would have ceafed. The Place 

of Egypt would have been removed into a 

frozen Zone, and both Egypt and the Nile 

would have difappeared. 

Plato, Diogenes, Laertius, and Plutarch, 

fpeak not more intelligibly of this Revolu¬ 

tion, 

263 
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tion. Speak of it however they do, and are 

fo many remaining Witnefies of a Tradition 

almoft loir. 

What follows is much more fhocking, and 

more circumftantial. The Philofophers of 

Babylon, at the Time of Alexanders Entry 

into that City, counted four hundred and 

three thoufand Years from the beginning of 

their agronomical Obfervations, the Babylo- 

nianYzzv being but 360 Days: But this Epo- 

cha of 403,000 Years has been regarded as a 

Monument of the Vanity of a conquered Na¬ 

tion, which was willing, according to the 

Cuftom of all Nations, and all particular Per- 

fons, to recover by its Antiquity the Glory 

that it had loft by its Weaknefs. 

The Sciences, at laft, having been brought 

among us, and being cultivated by Degrees, 

the Chevalier deLouville, diftinguifhed among 

the Cioud of them who did Honour to the 

Age of Louts XIV. went exprefiy to Mar- 

Jellies, to fee if the Obliquity of the Ecliptic 

appear d the fame there as it had been ob- 

ferved and fixed by Pitheas, above 2000 Years 

ago. He found this Obliquity of the Eclip¬ 

tic, that is, the Angle formed by the Axis 

of 
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of the Equator, and the Axis of the Eclip¬ 

tic, to be 20 Minutes le/s than Pitbeas had 

found it. How did this 20 Minutes Dimi¬ 

nution of this Angle agree with the Opinion 

of antientEg)^, and with the 403,000 Years 

of which Babylon boaifed ? How, with a 

Period of the World of near 2 Millions of 

Years, and even, according to Louvilie’s Ob- 

fervation, of above 2 Millions ? We muff 

fee the Ufe he made of it, and how there is 

like to refultfrom it, hereafter, an Aftronomy 

altogether new. 

If the Angle which the Axis of the Equa¬ 

tor makes with the Axis of the Ecliptic be 

20Minutes lefs at this Day than it was 2000 

Years ago, the Axis of the Earth, by rifing 

upon the Plan of the Ecliptic, comes nearer 

it a whole Degree in 6000 Years. 

Let this Angle, P, E, for Example, be 

about 23^ Degrees at this Day, and let it 

continue to decreafe till it becomes nothing; 

then let it begin again to increafe and de¬ 

creafe, it will certainly happen, that in 23^ 

Times 6000 Years, that is, in 141,000 Years, 

our Ecliptic and our Equator will coincide 

in all their Points; the Sun will be in the 

Equator, 
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Equator, or at leaffc will remove little from 

it, during many Centuries; the Days, the 

Nights, the Seafons, will be equal all over 

the Earth. It is found, according to the 

Calculation of the French Aftronomer, a Cal¬ 

culation a little reformed fince, that the Axis 

of the Ecliptic was perpendicular to that 

of the Equator about 399,000 of our Years 

ago, fuppofing the World to have exifted fo 

long. Take from this Number, the Time 

that is elapfed fince Alexander s triumphant 

Entry into Babylon, and we fhall fee with 

Aftonifhment that this Calculation agrees very 

juftly with the 403,000 Years of 360 Days, 

which were computed by the Babylonians: 

We fhall fee that they begun this Computa¬ 

tion precifely at the Point where the Pole of 

the Earth was directed towards Aries, and 

when the Earth in its annual Courfe had 

revolved from South to North ; in a Word, 

when the Sun rofe and fat in the Regions of 

Heaven which now are the Poles. 

There is fome Appearance that the Chal¬ 

dean Affronomers had made the fame Ope¬ 

ration, and confequently the fame Dedu&ion 

from it, as the French Philofopher? They 

had 
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had meafured the Obliquity of the Ecliptic, 

and found it decreafing ; and rifing in their 

Calculations to a Cardinal Point, counted from 

that Point when the Ecliptic and the Equa¬ 

tor made an Angle of 90 Degrees ; a Point, 

which may be confidered as the Beginning, 

as the End, as the Half, or as the Quarter 

of this enormous Period. 

By this the Enigma of the Egyptians was 

unravelled, the Computation of the Chaldeans 

juflified, the Relation of Herodotus clear’d 

up, and the Univerfe flattered with a long 

Futurity, the Idea of which pleafes the hu¬ 

man Imagination; tho’ this Comparifon makes 

our Life appear yet the fhorter. 

This Difcovery of the Chevalier de Louville 

was flrongly oppofed, both becaufe it was 

very flrange, and becaufe it did not yet feem 

fufficiently confirmed. An Academician had, 

in a Voyage to Egypt, meafured a Pyramid: 

He found its four Sides oppofed to the four 

Cardinal Points j therefore the Meridian, faid 

the Enemies of the Chevalier, has not changed 

during fo many Centuries ; therefore the 

Obliquity of the Ecliptic, which by its Di¬ 

minution mud have changed all the Meri¬ 

dians, 
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dians, in reality has not been diminifhed. 

But this Pyramid was no impregnable Bar¬ 

rier againft thefe new Difcoveries: For, how 

are we fare that the Architects of the'Pyra¬ 

mid were not fome Minutes deceived ? The 

moft infenfible Aberration, in laying a Stone, 

had alone been fufficient to occafion this Er¬ 

ror. Or, if the Builders were right, might 

not the Academician himfelf negleCt that little 

Divert!ty, which might be found between 

the Points where the Sun ought to mark the 

Equinoxes and Solftices upon this Pvramid, 

fuppofing nothing to have changed, and the 

Points where it now marks them in Fact ? 

Could not he be deceived in the Fables of 

Egypt, where he operated out of pure Curiofity, 

when Tycho-Brahe himfelf was deceived 18 

Minutes in the Pofition of the Meridian of 

Uraniburg, his heavenly City, for which he 

calculated all his Obfervations ? Or was Ty¬ 

cho-Brahe in reality deceived 18 Minutes, as 

is pretended ? May not the Truth be, after 

all, that this Difference found between the 

true Meridian of Uraniburg, and that of Ty- 

cho-Brahe, proceeds partly from the Change 

of Heaven itfelf, and partly from the almoft 

inevitable 
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inevitable Errors committed both by Tycho- 

Brahe and by them that corrected him ? 

But the Chevalier de Lou'ville might alfo be 

deceived himfelf • he might fee a Decreafe 

of Obliquity, which has no Exigence. Pi- 

theas, efpecially, was probably the Source of 

all thefe Errors : He, like mod: of the An- 

tients, made his Obfervations with very little 

ExaCtnefs. It was worthy of that Prudence 

therefore, with which we now proceed in 

Phylicks, to wait for new Uluftrations of the 

Matter. Therefore it was proper that the 

few, who were able to judge of this grand 

Difference, fhould remain in Silence for the 

prefent. 

Finally, in 1734, Mr. Godin (one of thofe 

Philofophers whom the Love of Truth has 

lately conducted to Peru) refumed the Thread 

of thefe Difcoveries : The Examination of a 

Pyramid was now no more the Matter in Quef- 

tion, for concerning this there would beDifficul- 

ties always remaining; he was to proceed from 

the famous Meridian in the Church of St. Pe- 

tronius, traced by Dominic CaJJini in 1655, 

with an ExaCtnefs of which we are more cer¬ 

tain than that of the Egyptian Architects, 

The 
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The Obliquity of the Ecliptic which refulted 

from Cajjini s Obfervation, was 23 D. 29'. 

if. But the late Obfervations put it beyond 

all Doubt, that this Angle of the Ecliptic 

and the Equator is at prefent 23 D, 28'. 20". 

at lead; if the Refradions, which enter into 

the Determination of the Height of the Pole, 

made by the Polar Heat, and confequently 

into that of the Elevation of the Equator, and 

the Obliquities of the Ecliptic, are not a lit¬ 

tle changed fince Cajfini’s Time : A Variation 

which many begin to fufped, from the Diffe¬ 

rence of the Elevations of the Pole, obferved 

in the fame Cities after fome Space of Time, 

particularly in London, Amjlerdam, and Copen¬ 

hagen ; tho’ thefe Obfervations are not yet 

fufficient to affure us entirely, that from Age 

to Age the Air is found fometimes more, fome- 

times lefs tranfparent. It has indeed been 

lately difcovered, and infallibly demonftrated, 

that the Refradions at two Places, a very 

little didant, will fometimes differ almoft be¬ 

yond Belief; which obliges an exad Obferver, 

at prefent, to determine well, before every 

Thing elfe, the Refradions of his Horizon, 

if he would have his Obfervations credited: 

But 
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But it is alfo known, that, according to the 

Experiment of Mr. Huygens, if a refleding 

Glafs be left in a condant Situation, direded 

towards the Top of a high Steeple, from Noon 

till Evening, that Top will appear more ele¬ 

vated towards the Clofe of Day than at Noon, 

and confequently there is an Alteration in 

the Tranfparency of the Air. As all this, 

however, contributes nothing to a Change, 

fuch as we have reafon to fufped may produce 

the Phenomenon of this Quedion, we fhould 

be blameable to admit fuch a dubious Fad, 

of which we have not yet any convincing 

Proof, any Phyfical Reafons. 

With regard to the Pyramids of Egypt, 

and the Invariablenefs of Meridians, which 

feems contrary to this Mobility of the Poles 

of the Equator 5 it is proper to take Notice 

farther, That fuppofmg the Figure of the 

Earth to be not fpheroidical, as it really is, 

but exadly fpherical, this Motion of the 

Plan of the Equator, and its Poles, may be 

conceived two ways. For, either mod of 

the Places, fituated at prefent under the E- 

quator, will, after fome Ages, have a Me¬ 

ridional or Septentrional Latitude, the Equa¬ 

tor 
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tor having quitted them to come nearer the 

Ecliptic ; (on which Suppofition, all the Me¬ 

ridians will be difordered, and any two Cities, 

without having changed their Place, their Di- 

ftance, or their fir ft Situation upon Earth, will 

neverthelefs have changed the Point of Com- 

pafs, with regard to each other) or, the E- 

quator will never abandon the Places, which 

have always been fituated under it, but its 

Plan will turn with them round the Eclip¬ 

tic, without any Change being made in the 

Meridians, their Invariablenefs not proving 

the fame Thing againft the Motion of the 

Equator as in the former Suppofition. On 

the contrary, refuming thefpheroidical Figure 

of the Earth, which is the true one, its fo- 

lid Parts manifeftly fuftaining themfelves, and 

not having a Power to quit one another, the 

molt remote from the Center will remain 

always at the fame Diftance, and confe- 

quently the Circumference of the Equator, 

which has once environ’d them, will never 

quit them ; fo that the Place of the Equator, 

whether moveable or immoveable, can never 

bring any Diforder on the Meridians. It 

appears by this, that tho’ the TLgyptian Ar¬ 

chitects 
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chite&s might have had Orders to build the 

Pyramids parallel to the four Cardinal Points 

of the World, and they may have executed 

thefe Orders with the utmoft Exa&nefs, this 

does not hinder but the Angle of Interfedlion 

of the Equator and the Ecliptic may conti¬ 

nually vary, as much as we pleafe. 

There can be no greater Pleafure, than to 

fee the Credit of Truths, the molt worthy of 

Refpedt for their Antiquity, re-eftablifhed, af¬ 

ter having been contefted in Ages fo cir- 

cumfpedt, and fo little credulous as ours. 

But it mud; be confefs’d, that if the Egyp¬ 

tians and Babylonians were the find Difcove- 

rers of the Decreafe of this Obliquity, they 

made the Difcovery from Reafonings much 

lefs certain, than thofe from which we attri¬ 

bute this Difcovery to them. Herodotus pub- 

lifhed h is Hiffory about a hundred Years af¬ 

ter Anaximander, the Milefian, fir ft found 

out the means of meafuring the Obliquity of 

the Eclyptic : And this Invention having foon 

after paffed into Egypt, by the Voyages of 

CleoJlrateSy Harpalus, and Eudoxus, the E- 

gyptians, who could not but find this Obli¬ 

quity lefs than Anaximander had found it, 

took 
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took the Advantage from thence to do 

honour to their Nation; as if the Diminu¬ 

tion, and confequently the Meafure, of the 

Obliquity of the Ecliptic, had been known 

among them for many thoufands of Years, 

at the time when this latter was but juft dis¬ 

covered by the Greeks. We have already faid 

almoft the fame Thing of the Babylonians, 

who, equally jealous of the Egyptians and the 

Greeks, have advanced, by a parallel Calcu¬ 

lation, to an Antiquity incomparably more 

abfurd than that of the Egyptians. 

But, whether this Motion of the Equa¬ 

tor does, or does not exilf, it is demonftrably 

certain, that it cannot be produced by any Me- 

cnanifm, exadly the fame with any difcover- 

ed by the learned Newton. The Motion 

which moft naturally refembles this of the 

Axis of the Earth, is the variation of the 

Moon s Inclination; which is of no lefs than 

5 Degrees, 18 or 19 Minutes, when the 

Nodes of the Moon are in Conjundion, or 

Oppofition with the Sun ; and of 5 Degrees 

only, when thele lame Nodes happen in her 

Quaiters. It is true indeed, that, by a na- 

tuial Analogy, this great Philofopher attri¬ 

butes 
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butes a fmall alternative Motion to the Axis 

of the Earth, by which the Angle of Inter- 

fedtion of the Ecliptic and Equinoctial being 

found in the Equinoxes, for Example, to be 

23 Deg rees, 29 Minutes, and is ftraiten’d in 

approaching the Solftices, and enlarged again 

from the Solftices to the Equator; fo that 

at the Solftices this Angle, in its fmalleft Di- 

menfion, is fome Seconds lefs than 23 De¬ 

grees, 29 Minutes. 

But thefe Alternatives of Diminution and 

Decreafe produce not the circular Motion of 

the Plan of the Equinodtial, from one Pole 

of the Ecliptic to the other. This -Circula¬ 

tion then mu ft neceftarily depend upon fome 

other Caufe, hitherto unknown, which we 

fhould endeavour to difcover, provided the 

Phenomenon be real. 

That the Diminution of this Angle may 

always equal its Increafe, the abfolute Center 

of Gravity of all the Mafs of the Earth, muft 

be the fame as the Geometrical Center of its 

fpheroidical Figure ; but this, very poflibly, 

is not the Cafe. For if the Earth be ever fo 

little lefs material on the Northern, than on 

the Southern fide of the Equator, and if 

there 
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there arrive in the Body of this Planet, or on 

its Surface, any Change, which diminifhes 

the Quantity of Matter in one Place, and 

augments it in another; it is evident, that 

the exterior Surface of the Earth, and the 

common Center of Gravity of its whole 

Mafs, muft change Pofition with regard to 

each other; and as the Geometrical Center 

of its fpheroidical exterior Surface remains al¬ 

ways the fame, it is neceffary that this Cen¬ 

ter alfo mult change its Pofition, with re¬ 

gard to that of Gravity, whenever any Rea- 

fon, manifefl: or not manifefl:, takes away 

ever fo little Matter from one Place, and 

carries it to another. Now the two Centers, 

the Geometrical Center of its Oval Figure, 

and that of its general Gravity, fhould ne- 

ceffarily be in the fame Axis of its Rotation, 

if this Rotation muff be equal and uniform 

during 24 Hours, without being accelerated 

and retarded by Turns; which would be 

contrary to Experience. 

To effectuate this Motion of the Plan 

of the Equator, it is fufficient then, that 

there fhould be, within the Earth, Matter 

which, by circulating continually, but flow- 
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Jy, may continually remove the common 

Center of Gravity, with regard to the Surface 

of the Earth, becaufe the Axis of Rotation 

will always follow the fame Road as this 

Center. 

If this Matter be not fuppofod to circulate, 

but to have a very fmall irregular Motion, the 

Plan of the Equator will alfo change its Po- 

fition with the Ecliptic, but without any cer¬ 

tain Rule, and may be fometimes nearer, 

fometimes farther from the Center j which, 

perhaps, may be more probable than a perfect 

Circulation. But none of all this Reafoning 

can have Place, till it fhall be proved in a 

manner altogether inconteftible, that the Ap¬ 

proximation of the Equator and the Ecliptic, 

which the mod: fkilful Obfervers pretend now 

to perceive, is real; and that there is no Illu- 

fion, either from the Refractions of Light, 

or from the Inftruments, in an Affair which 

is yet fo delicate, and fo little fenfible in Mo¬ 

dern Obfervations, as to relate only to a few 

Seconds of Diminution ; fo that it will not 

be till after many Ages of continued Obfer¬ 

vations, that any one will be able to fay, 

with 
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with full Certainty, whether the Obliquity is 

variable, or how it is fo. 

The moll fhort and certain Method of 

terminating this Queftion, would be to mea- 

fure exactly the Elevation of the Pole from 

the Ruins of the antient City of Syene in E- 

gypf. It is known, from the Report of 

Strabo in the laft Book of his Geography, 

that this City was fituated precifely under the 

Tropic of Cancer, and that there was here a 

very deep Well, in which the Reflection of 

the Sun could never be feen, but juft at Noon 

in the Summer Solftice, the Sun fhining ver¬ 

tically over the horizontal Surface of the Wa¬ 

ter, at the Bottom of the Well. Strabo adds 

in the fame Place, that in travelling from 

Greece, this City was the firft to be met with, 

where the Gnomons, or ColumnsereCted ver¬ 

tically,had no Shadow at Noon-day once in a 

Year : So that here are two different Proofs, 

which aflure us that in the Time of Strabo, 

or fome Time before him, the Tropic of 

Cancer palled over the vertical Point of this 

City. 

Now if in meafuring at prefent the Lati¬ 

tude of the Place where Syene formerly flood, 

the 
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the Ardtic Pole fhall be found to be there ele¬ 

vated to 23 Degrees, 49 Minutes or more, 

this will be an indubitable Proof that the 

Chevalier de LouviUe has difcovered the 

Truth, and that the Obliquity of the Ecliptic 

has diminifhed 20 Minutes in the Space of 

18 Centuries. I fay, 23 Degrees, 49 Minu¬ 

tes or more; for the Tower of Syene being 

renown’d before Strabo, on Account of this 

Property of which we are fpeaking, even as far 

back as the Time of the Prophet Ezekiel, 

who mentions it in the xxxixth Chapter of 

his Prophecy ; it is apparent, that if the Ob¬ 

liquity of the Ecliptic was variable, it mud: 

have diminished five or fix Minutes, in the 

fame Proportion, from the Time of this Pro¬ 

phet to that of Strabo, during more than five 

Centuries; without reckoning what Diminu¬ 

tion it might have undergone from the Foun¬ 

dation of this Tower to the Time of Ezekiel. 

But if, on the contrary, the Pole is there 

found to be elevated but 23 7 Degrees or 

thereabouts, we mud conclude, without He- 

fitation, that, during all this Series of Ages, 

the Obliquity in quedion has been condant- 

ly the fame, or that its Diminution has not 

been 
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been any Thing confiderable ; and that the 

Space comprized between the Equinoctial 

and the Ecliptic has been very little, if at all 

leffen’d. All the Difficulty would confift, in 

difcovering exactly the Situation of this anti- 

ent City, in the neighbourhood of Nile, and 

the Ifland Elephantine. This Work would 

be a means to prevent the Cares of Pofterity, 

and of which to make a Merit with regard to 

our Children, for prefenting them with finiffi- 

ed Demonflrations of a Truth, the clearing up 

of which may cod: them many Centuries. 

The Enumeration which we have under¬ 

taken to make here, of the principal Parti¬ 

culars which regard the Earth, with refpedt 

to the Rank that it holds among the Planets, 

engages us to examine the Proofs of its fphe- 

roidical Figure, which we have fuppofed true, 

and to Ihew the Impoffibility ofany Alteration 

of Meridians. We have already given a general 

Idea of it in Chap. XVIII. when, in pro- 

poition to the Extent and the divers Degrees 

of Gravity, we made mention of the Inun¬ 

dation of Waters towards the Regions of 

the Equator, which muff neceffiarily refult 

from the Rotation of the Earth round its 

Axis, if it was exadtly fphericah But as that 

was 
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was not the Place to prove that this Diffe¬ 

rence is fo perceptible as to be meafured, 

we proceed here to ffew what is known of 

the Matter. 

The Proofs, which we ff all make ufe of, are 

drawn partly from phyfical Arguments, and 

partly from Experience itfelf. The phyfical 

Arguments, which prove to us the neceffity of 

this Figure, fuppofe only, by way of Princi¬ 

ple, the diurnal Motion of the Earth, of 23 

Hours, 56 Minutes. If the Earth is exadly 

fpherical, the Velocity of the Rotation of all 

weighty Bodies under the Equator will di- 

m in iff their Gravity, or the Velocity of their 

Defcent, in proportion as it will differ lefs 

from that which is neceffary to make all 

weighty Bodies circulate under the Equator, 

without power ever to fall, or approach to the 

Center of the Earth; or, to caufe that all 

Bodies which are under the Equator, ffould 

be fo many Satellites, which ffould turn by 

their daily Motion in the Circumference of 

the Equator, as the Moon revolves in her 

Orbit. Now let us fay, by the Rule of 

Three; as the Cube of the Moon’s Diflance, 

viz. 60 Semidiameters of the Earth, is to 

the 
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the Cube of one only of thefe Semidiame¬ 

ters ; fo is the Square of 39,343 Minutes, 

which make a Lunar Month, to the Square 

of the Minutes of the Revolution of the Sa¬ 

tellites, or weighty Bodies, in the Circumfe¬ 

rence of the Earth’s Equator, fuppofing the 

centrifugal Force exa&ly to counterbalance 

the Gravity. The Product of this Calcula¬ 

tion is, 84^ Minutes of Revolution: So that 

if the Day of the Satellites confided of 84=^ 

Minutes, inftead of 23 Hours 56 Minutes, 

which is 17 Times as much, there would 

be neither Defcent nor Weight under the 

Equator. 

The fame Number of 841 is found with¬ 

out making ufe of the Moon, if we follow 

the Theorem of Mr. Huygens, by which he 

has found, that a Body, to turn circularly, 

with a centrifugal Force equal to its proper 

Gravity, mud furround the whole Circle in 

the fame Time as a Pendulum, containing a 

Semidiameter of the fame Circle in Length, 

would employ in making two Vibrations. 

Now to apply this Theorem to the Circle of 

the Equator, and the Semidiameter of the 

Earth, we need only fay, As three Feet, and 

Us of 
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aVs °f a Foot, the Length of a Second-Pen¬ 

dulum, are to the Square of a Second, fo 

i9>^i5»8°o Feet, the Semi-diameter of the 

Earth, according to Mr. Picarf s Meafure, 

are to 6,412,430, which is the Square of 

2,532 Seconds, or of 42 Minutes, 12 Se¬ 

conds. A Pendulum of the Length of the 

Earth’s Semidiameter, therefore, would make 

every Vibration in 42 Min. 12 Seconds; and 

confequently, to equal the Gravity to the cen¬ 

trifugal Force of the diurnal Rotation under 

the Equator, this Rotation muft neceflarily 

be finifhed in 84 Min. 24 Seconds. 

But, as it is found 17 Times more flow, 

it is evident, that fuppofing the Surface of 

the Earth exa&ly fpherical, Gravity under the 

Equator exceeds its Diminution, or the cen¬ 

trifugal Force, 17 Times 17 Times, that is, 

289 Times ; which muft occafion the Velo¬ 

city of Bodies Defcent under the Equator, to 

be to that of their Defcent under the Poles, 

as 288 are to 289; and a Second-Pendulum, 

which under the Pole would make 86,400 

Vibrations in a folar Day, would make un¬ 

der the Equator but about 86,250 : In the 

fame manner as a Second-Pendulum of Paris, 

being 
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being tran/ported under the Equator, and 

there making its curvilinear Defcents, or Vi¬ 

brations, a little more flowly than at Paris, 

would be retarded 2 Minutes, 5 Seconds, or 

thereabouts, in a Day. 

Mr. Richer s Experiment, made in the Ifland 

of Cayenna, Dr. Halley s in the Ifle of St. He- 

and thofe of the Perfons mentioned Page 

196, having verified, except in a fewCircum- 

ftances, this Diminution of Gravity under 

the Equator, which is a necefTary and indu¬ 

bitable Confequence of the Earth’s diurnal 

Motion ; it remains, that we fhould furvey 

the Diforder which the centrifugal Forces of 

this fame Motion would caufe under the Cir¬ 

cles parallel to the Equator, if the Earth was 

exactly fpherical. 

Every one knows, that an exad Beam, 

being fufpended in the Middle, and left in 

Repofe, the Scales, or Weights, equally fuf¬ 

pended by Cords at its two Extremities, make 

thefe Cords, or rather the Middle of them, 

take Situations perpendicular to their Hori¬ 

zons, and which tend diredtly to the Center 

of the Earth. But if we give to this Balance 

a circular Motion, the Center of which is 

the 
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the Point of the Beam’s Sulpenflon, we {hall 

fee immediately that the Scales, or Weights, 

will fly out of the perpendicular Lines, in 

proportion to the Velocity of the circular 

Motion ; fo that the Cords no longer follow 

the ufual Direction of Gravity, towards the 

Center of the Earth. 

Let us conceive now a great curvilineal Ba¬ 

lance, whole Middle is fufpended to one of 

the Poles of the Earth, and whole Extremi¬ 

ties extend to an equal Elevation from the 

fame Pole, on both Sides; it is evident, that 

if the fpherical Figure of the Earth, which 

we now examine, turns round on its Axis 

and carries at the fame Time this curvilineal 

Balance, in a circular Motion round the 

fame Axis, the Weights, which being in Re- 

pofe would incline towards the Center of the 

Earth, are removed from this Inclination, and 

out of perpendicular Lines, on both Sides. 

Thus the Sine of the fmall Angle of Devia¬ 

tion, comprized between the Perpendicular, 

and the new Direction of the Weights, will 

be near of the Product of the Sine, and 

of the Co-fine of the Elevation of the Pole, 

divided by the Radius. 

285 
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It is manifeft, that, without imagining this 

Balance curvilineal, this Reafoning may be 

equally apply’d to all Plummets, which are 

ufed on the Surface of the Earth. It is in 

this manner that we find at Paris, and in a 

hundred other Places of the fame Latitude, 

that a Pendulum in Repofe would not tend 

perpendicularly to the Horizon, but would 

make with the Perpendicular an Angle of 

near 6 Minutes, which would be perceptible 

enough, if the Earth were exactly fpherical: 

But as no Deviation is found in any Part of 

the World, it is fufficient Proof that the Face 

of the Earth is fuch as it ought to be, in or¬ 

der that the Direction of Gravity might be per¬ 

pendicular, which can be only in a Spheroid*. 

This fpheroidical Figure produces yet ano¬ 

ther Change, with regard to Gravity, but 

of fmall Confequence It is well known, 

that, without confidering the Diminution of 

Gravity, of which we have been fpeaking, 

Gravity itfelf varies according to the Diver- 

fity of Difiances from the Center of the 

Earth, even fiippofing there were no Rota- 

* The Scales would fly out at the ./Equator, whatever 
Figure the Beam is of, and fo would not be perpendicular 
there. 

tion. 
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tion. This is theReafon why the Experiments 

of Pendulums, tranfported into different Cli¬ 

mates, anfwer not with the utmoft Exatf:- 

nefs to the Calculation which we have given 

above, tho’ they all prove in general that Gra¬ 

vity differs fenfibly, and that it is always 

weaker towards the Equator, than towards 

the Poles. It is this alfo, which divides the 

greateft Geometricians in their Sentiments 

concerning the Proportion of the Axis of the 

Earth’s Rotation to the Diameter of its 

Equator. Mr. Huygens, and after him James 

Herman,in his excellent Work de Phoronomid, 

have determined this Proportion, as of 577 

t° 578 ; but Sir IJaac Newton gives it as of 

229 to 230, about three Times more 

than the other. The Diverfity of thefe 

Meafures proceeds only from this, that Mr. 

Huygens confidered Gravity merely as a Force 

which impels Bodies towards one only Cen¬ 

ter ; whereas Sir Ifaac Newton confidered it 

as a Force by which all Bodies, and all the 

Particles of the Earth, even to the molt mi¬ 

nute, are drawn towards one another *. 

* Query then whether a Millftone within a Mile of the 
Earth’s Center would not be drawn almofl: as much up as 
down, and fo have Jefs Gravity the nearer the Center, 
contrary to its Law of Increafe. MARS, 
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MARS. 

The fourth Planet of our Syftem is Mars. 

His mean Diftance from the Sun is about 

46 Million of Leagues. Of all the fuperior 

Planets, it is this which has the greateft Ex- 

centricity ; nor do we know anyone, among 

all the celeftial Bodies, whole apparent Mag¬ 

nitude is more variable j infomuch that his 

largeft Phaiis exceeds his fmalleft, no lefs 

than 7 Times. In the Month of Augujl 1719, 

Mars being oppofed to the Sun, at only 2 or 

3 Degrees Diftance from his Perihelion, we 

yet remember that many Perfons, who had 

no Tindlure of Aftronomy, were aftonifhed 

to fee this Planet, and took it for a Comet, 

or a new Star, juft produced in the Heavens j 

in like manner as Venus was miftaken laft 

Year, when in the JVIonth of May, having 

attained her higheft Meridian Elevation at 

the Beginning of Cancer, and yet being far 

enough from the Sun not to be eclipfed by 

his Light, fhe lanced her Rays along the 

fhorteft Road of the Northern Part of the 

Atmofphere. 

As 
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As the great Excentricity of Mars renders 

his Motion apparently very unequal, it was 

of him principally that Kepler made ufe, to 

examine and verify the Difcovery he had 

made, of the Equality of Areas defcribed by 

every Planet in particular, in equal Times: 

And it was alfo by Mars that he found out 

and proved the Neceffity there was to admit 

but very fmall Excentricities throughout the 

Heavens, not above half as large as thofe 

that had been eftablifhed by the Antients. 

Mars likewife, of all the Planets, is he which 

has the largeft Atmofphere, in proportion to 

his Body, at leaffc according to what we 

know hitherto ; which is proved by the Al¬ 

teration of the Colour of a fixed Star ob- 

ferved by Mr. Rower, as it approached and 

quitted the Difk of Mars : It grew fenfibly 

pale on approaching this Difk, being yet 

above two thirds of its Diameter diftant; 

and coming from behind the Planet’s dark 

Body, did not recover the natural and ufual 

Vivacity of its Light, till it came to the 

Diftance of two thirds of the fame Dia¬ 

meter. 

289 
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Without the Planet Mars, we fhould be 

altogether ignorant of the Diftance and true 

Magnitude of the heavenly Bodies: And it 

was the celebrated Mr. Caffini the Father, who 

firft thought of making ufe of the apparent 

Diftance of this Planet from the neareft fixed 

Stars, when he is in Oppofition to the Sun, 

in order to find the true Dimenfions of our 

Syftem. His horizontal Parallax, which in 

this Situation is large enough to be obferved 

and calculated, without Danger of any re¬ 

markable Error, that is, between 26 and 27 

Seconds in his Perihelion, furnifhes us with a 

Method of calculating the horizontal Paral¬ 

lax of the Sun, and of the other Planets, 

which cannot be obferved by themfelves, on 

account of their Smallnefs. By the Spots in 

Mars, which we reprefent here as they ap¬ 

peared in 1719, it has been difcovered, and 

we are convinced of it, that (he turns round 

upon an Axis always parallel to itfelf, (like 

that of the EarthJ in 24 Hours 40 Minutes. 

Or, 
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Or, that 36 Revolutions of Mars on his 

Axis, equal 37 diurnal Revolutions of the 

Earth. 

The Spots of this Planet feem to be more 

variable than thofe of all the others. The 

obfcure Bands, which wereobferved in 1704, 

1717, 1719, do not agree among themfelves, 

neither with regard to their Situation, nor to 

their Figure. In 1704 and 1717, an ob¬ 

fcure Band was feen, occupying more than a 

Hemifphere of Mars, with this Difference, 

that in 1704 it had a Point in the Mid¬ 

dle, which was not found in 1717 s and 

that in 1717 it was farther from the Equator 

of Mars, and nearer his Meridian Pole, than 

Remarks 

on the Spots 

of Mars. 
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in 1704. In 1719, a crooked Band was 

feen, formed only after the Month of "July, 

the moft Southerly Part of which, with re¬ 

gard to our Eyes, extended obliquely over 

half of the Hemilphere of Mars, and equalled 

about a Quarter of a Circle, beginning be¬ 

tween the Meridional Pole and the Equator 

of the Planet, and ending between his Equa¬ 

tor and Septentrional Pole, where the two Parts 

of thisBand, joining together, made an Angle, 

as reprefented in Figure 2. Before the 13 th of 

only an obfcure redilineal Band was 

obferved, fuch as may be feen in Figure 1. 

Belides thefe obfcure Bands, certain con- 

fufed Spots, of an irregular Figure, as in Fig. 

3 and 4, were difcovered. Thefe were alfo 

but temporary, and had hardly any thing in 

common with thofe that were obferved be¬ 

fore, except their Inconftancy. 

But the moft confiderable Spots of this 

Planet, are thofe which are obferved near his 

two Poles, of which however only one is 

feen at a Time, and which are com¬ 

monly more clear than the reft of the Body. 

Thefe Spots have been known near thefe 70 

Years, and almoft always either one or the 

other 
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other of them may be feen • which proves 

that they are permanent, and that the Vi- 

ciffitudes of Apparition and Occultation 

that they undergo, proceed only from fome 

Change in the Atmofphere of Mars, like to 

that of ours, caufed partly by the different 

Conffitution of the Air in Summer and Win¬ 

ter, and partly by the different Quantity of 

Rain and fine Weather, in different Parts of 

the fame Climate. It was thus that from 

the 17th of May to the Month of November 

I7I9> t^e Pole, which with regard to us is 

the meridional, being illuminated by theSun, 

and confequently Summer reigning there, and 

the Atmofphere there being rarified as much 

as it could poflibly be, the fparkling Light of 

that pure Zone could ffrike our Eyes, while 

that of the oppofite Pole? which appeared 

to the Obfervators in 1704 and 1717, with a 

Luftre equal to that of the other, was hid from 

our Sight by the Clouds, and congealed Va¬ 

pours, which there changed the Atmofphere, 

and rendered it lefs tranfparent. The Difference 

of the Splendour of this Zone, one half of 

which conffantly preferved the fame Degree 

of Light, and the other on the contrary di- 

minifhed. 
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minifhed, difappear’d, appear’d again, feems 

no ill Refemblance of the diverfity of Wea¬ 

ther on the Andes of Peru, where it never 

rains, and in the Ifland of Borneo, where it 

rains almoft every Day. This Effedl may 

pollibly be produced by other Caufes; but it 

is always certain in general, that fuch a di¬ 

verfity of Appearances proceeds from the dif¬ 

ferent Conflitution of the Atmofphere. 

Manner of 

calculating 

the Weight 

of Bodies, 

nxhich de¬ 

fend upon 

the Sur¬ 

face of Ju¬ 

piter, 

JUPITER. 

Jupiter, the large ft of all the Planets of 

our Syhem, defcribes in 4,331 Days, or (to 

count by a round Number) in 12 Years, an 

Orbit, the Semidiameter of which, in its 

mean Quantity, or mean Diftance from the 

Sun, is 156 Millions of Leagues. His Diame¬ 

ter is ten times larger than that of the Earth. 

The Weight of Bodies, which tend towards 

the Center of this Planet, or the Way that 

they make in falling dire&Iy upon his Sur¬ 

face, may be calculated. 

For this Purpofe, we are to fearch fir ft the 

Periodical Time of a Satellite, that fhould 

glance along the Surface of Jupiter, which is 

found by this Rule: As the Cube of 251 

Semi- 
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Semidiameters of Jupiter, (the Diftance of 

his 4th Satellite) is to the Square of its Peri¬ 

odical Time, which is 16 f Days; fo the 

Cube of a fingle Semidiameter of Jupiter, is 

to the Square of the Periodical Time fought 

for. By this it is found, that fuch a Satel¬ 

lite, near the Surface of Jupiter, would finifh 

its Revolution round that Planet in 193 or 

194 Minutes. 

As all forts of Gravities are in direcft Pro¬ 

portion of the Radii of the Circles, which 

the ponderous Bodies defcribe, without fal¬ 

ling, and in reciprocal Proportion of the 

Squares of the Periodical Revolutions, the 

Quantity of the Gravity of thefe Bodies up- 

on Jupiter is determined in this manner: As 

1 Semidiameter of the Earth is to 10 \ of the 

fame Semidiameters, which are the meafure 

of that of Jupiter j fo 15 \ Feet of Defcent 

upon the Earth, during the firfl Second, are 

to 158 f Feet of Defcent on Jupiter during 

the firfl: Second • if the Periodical Times of 

the Satellites, at the Surfaces of Jupiter and 

the Earth were equal. But having found a- 

bove, that the Periodical Time of a Satellite 

of the Earth, near its Surface, is 84 f Mi¬ 

nutes, 
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nates, we mart proceed thence to this laft 

Rule: As the Square of 193 \ Minutes, is to 

the Square of 84 f Minutes; fo 158 f Feet 

of Defcent, (if the two Periods are equal) are 

to 30 Feet of the true Defcent upon Jupiter. 

The fecond Pendulum then, in Jupiter, mu ft 

be 7 i Feet in Length. 

The fame Confiderations fhew us alfo, that 

Jupiter’s polar Diameter, or Axis of Rota¬ 

tion, is fhorter than that of his Equator, and 

that this Difference mu ft be much more fen- 

fible upon the Surface of Jupiter, than upon 

that of the Earth. The diurnal Revolution 

of Jupiter is 9 Hours and 56 Minutes j and 

the Revolution of the lowelt Satellite, which 

could poffibly glide round him, having been 

found to be 194 Minutes, which is in a man¬ 

ner but the third of his diurnal Revolution ; 

its remaining Gravity, that is, as diminifhed 

by the Centrifugal Forces under the Equi¬ 

noctial of Jupiter, will be to its primitive 

Forces fuppofing the Figure of Jupiter exact¬ 

ly fpherical) as 8 are to 9. This then fhews 

the Proportion of his fhorteft Axis to his 

longeft, to be, within a Trifle, as 17 are to 

18, if we calculate according to the Princi¬ 

ples 
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pies of Mr. Huygens and Herman, and as y 

are to 8, if we follow thofe of Newton, found¬ 

ed upon the mutual Gravitation of all the in¬ 

terior Parts of the Planet. The Sentiments 

of Sir IJ'aac feem to be fupported by the Ob- 

fervations of Mr. Cajjini the Father, reported 

at the End of the 19th Propofition of the 3d 

Book of his Philofophy, where it is faid, that 

the Diameter of Jupiter from Eaffc to Weft, 

is vifibly greater than from South to North. 

The obfcure Bands of Jupiter, extended a- 

long his Difk, and always parallel, in a man¬ 

ner, to his Equator, are reprefen ted in the 

two following Figures. 

This Equator makes with the Orbit of Ju¬ 

piter, an Obliquity but of 2 Degrees 55 Mi¬ 

nutes j whereas ours is of 23 i Degrees. 

Thefe Bands feem to be nothing but Exhala¬ 

tions, which in riling, and joining together, 

take 
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take a Circular Figure. It is true, they never 

are vifible all entire at a Time; v/itnefs, in 

particular, that Meridional Band, which is 

produced, as it were, every fix Years, and 

which always exhibits to us a black Spot, 

fituate on its Northern Border; as it was ob- 

ferved in the Years 1665, 1677, 1713, in 

the Month of 'December, and in April of the 

Years 1672 and 1708. By comparing the 

antient Obfervations with thofe that have been 

lately made, it is remarked that thefe Bands, 

which at fird appeared fubjedt to Alterations 

altogether unaccountable, and which follow¬ 

ed no Rule, have neverthelefs Returns very 

regular, which may put us in a Capacity, 

hereafter, to predict their Appearances with 

the fame Certainty, as we now calculate the 

Eclipfes. 

Remarkon The Band which we have been fpeaking of, 
tke black ... r o 

spot of accompanied with a black Spot, appears com- 

Japuer. monjy when Jupiter is in the lad Degrees of 

Virgo and Pifces, near the Time of his Oppo- 

fition with the Sun. What is mod particu¬ 

lar in it is, that thefe Appearances follow 

the true, rather than the mean Motion of 

Jupiter: For we are very fure, that from the 

Oppo- 
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Oppofition of this Planet with the Sun in 

Pifces, to that which happens in Virgo, there 

are fix Years and a half, and five and a half 

only from this to the Return of the former, 

the whole together making 12 Years, the 

Time of Jupiter’s periodical Revolution. This 

(hews us, that if we could remark all the Mu¬ 

tations that happen to thefe Bands, and which, 

without doubt, are effected at certain Signs 

of the Zodiack, as well as the Phaenomenon 

of the black Spot, there would be room to 

hope, that the Order of their Return might 

be predicted, as well as that of the black 

Spot. 

It is principally to this fame Spot, that we 

owe the Knowledge we have of the diurnal 

Revolution of Jupiter; the Velocity of which, 

in proportion to the Magnitude of his Body, 

would, doubtlefs, furprize us, if Mr. de Mai- 

ran had not demonftrated the Pofiibility of it, 

in a learned Memoir, inferted among thofe 

of the Academy in the Year 1729, where he 

fhews, that the Difference there is between 

the Weighc of the inferior Part of a Planet, 

which is turned towards the Sun, and that 

of the fuperior Part, which is turned from 

it, 

299 



300 1Toe 'Elements of 

it, is capable of producing fuch a Rotation 

from Weft to Eaft. 

This Spot is as well known to Aftrono- 

mers, as the Situation of a celebrated City is 

to Geographers j and its Meridional Lati¬ 

tude upon the Surface of Jupiter, is deter¬ 

mined at about 16 Degrees, as that of any re¬ 

markable Place may be upon Earth. It is 

true, that in obferving the Revolutions of Ju-. 

piter, at the middle of his Parallel expofed 

towards us, they have not always been found 

quite the fame, by the Difference of a few 

Seconds; though it be very natural tofuppofe 

them always equal to one another, as are 

thofe of the Earth : But this is of no great 

Confequence; and in an Enquiry of fuch a 

Nature, far from blaming the Aftronomers, 

we ought to admire their Sagacity, and be 

very well pleafed that they differ only in a 

few Seconds. 

Satellites of Jupiter, and chiefly the 

cf Jupiter fourth being turned towards us, exhibit ob- 
appear 

fometimes fcure Spots, which makes them fometimes ap- 
Jejs than . . * 

ordinary. much lefs than they ufually feem: 

They even occafion the fourth, between 

whiles, to difappear entirely, when it is far 

diftant 
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diflant from the Body and Shadow of Jupi¬ 

ter. But Aflronomers have not yet deter¬ 

mined, whether thefe Spots are produced 

fuddenly, or whether it be the Rotation of 

the Satellites on their Axis, that difcoverthem 

to us at one Time, and hides them at ano¬ 

ther: Though there feems to be much odds 

on the fide of the Rotation, becaufe of the 

periodical Circumflances that are faid to have 

been obferved in the fourth Satellite. Or, 

perhaps, the Shadows of the Satellites them- 

felves occafion mutually fmall Eclipfes among 

them, which we can perceive only by a 

Diminution of their Luflre: But this is a 

Point that has not yet been examined. 

SATURN. 

Saturn finishes his Courfe round the Sun in 

29 Years and an half. If, counting roundly, 

the mean Diflance of the Earth from the 

Sun is, as we have every where faid, 30 Mil¬ 

lions of Leagues, it follows, by parity of 

Reafon, that the mean Diflance of Saturn 

from that Luminary is between 285 and 286 

Millions of the fame Leagues. This is the 

lafb Planet, and the moil diflant from the 

Sun, 
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Calcula¬ 

tion of the 

Weight of 

Bodies, 

nxhich fall 

upon the 

Surface of 

Saturn. 

Sun, of any we know : At leaft, there has 

not yet been difcovered any Body beyond it 

in the Heavens, that has a conifant Orbit, 

and turns circularly. The Comets, it is true? 

journey through Regions much more remote 

than Saturn: But as their Excentricity is 

much greater than that of the ordinary Pla¬ 

nets, they make no Part of the Planetary 

Syflem which we confider in this Chapter. 

For even if we were to fuppofe that any one 

of them regularly revolved round the Sun, 

for Example, at 600 Millions of Leagues di- 

ftance from the univerfal Center of our Sy- 

ftem, of what ufe would the Light and Heat 

of that Luminary be to it, at a diftance 

where he could not appear larger than Jupiter 

and Venus appear to us? I have fuppofed 600 

Millions of Leagues for the mean Diftance of 

this pretended Body from the Sun, becaufe if 

this Difrance were lefs, the Planets would era- 

barrafs and attrad one another too much by 

their reciprocal Gravitations. 

The Diameter of Saturn is near 10 Times 

larger than that of the Earth. By means of 

this we may calculate the Proportion of Gra¬ 

vity upon Saturn, with that which we ex¬ 

perience 
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perience upon our Earth. His laft Satellite 

being diftant from him between 53 or 54 

of his Semidiameters, that is, the Radius of 

its Orbit being between 53 and 54 Times 

greater than the Semidiameter of Saturn, its 

Revolution ought to be made in 79 Days, 

22 Hours, or 1918 Hours. I lay then; as 

*57’4^4> the Cube of 54 Semidiameters of 

Saturn, are to one, or to the Cube of a fingle 

Semidiameter of the fame Planet ; fo 3,678, 

742, the Square of 1918 Hours, are to about 

23 i j the Square Root of which being ex- 

traded, the periodical Time of this Revolu¬ 

tion is found to be 4 Hours, and *, or 4 Hours, 

50 Minutes. Therefore a Body, which fur- 

rounded the Surface of Saturn, without being 

entirely drawn to it, would require 4 Hours, 

50 Minutes for that purpofe, as we have juft 

now feen. 

To find, in the next Place, how many 

Feet the ponderous Bodies on the Surface of 

Saturn defcend in the firft Second of Time, I 

proceed thus. As 1 Semidiameter of the 

Earth, divided by the Square of 84 Minutes, 

and f, the Number found Page 282 is to 9 \ 

Semidiameters of the Earth, or to one Semi¬ 

diameter 
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diameter of Saturn, divided by the Square of 

290 Minutes, which we have juft found ; fo 

15 Feet, the Defcent of one Second upon the 

Earth, are to 12 Feet of Defcent upon Sa¬ 

turn during the firft, and fomewhat more. 

But this Gravity of Bodies towards the Cen¬ 

ter of Saturn, fuffers a confiderable Diminu¬ 

tion, by their Gravitation in a contrary way, 

towards the Cavity of Saturn’s Ring, as we 

fhall prove in the Sequel. 

The following Figures reprefent to us the 

different Configurations of Saturn: 1. His 

round Phafis, with a Angle obfcure Band in 

the middle, caufed by the Shadow of the 

Ring, and its obfcure Part, that receives no 

Rays from the Sun. 2. The fame round 

Phafis, with other Bands, in the manner 

they were feen in 1715. 3. The Phafis of 

his Ring, which difappears, and appears a - 

gain after having been fome Time invifible. 

4. That Ring in its greateft Magnitude, with 

Bands that environ the Difk of Saturn, as 

they were feen in 1696. 

The 
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The exterior Diameter of Saturn’s Ring, 

from one Extremity to the other, is to the 

Diameter of that Planet as 9 to 4, according 

to the Meafure of Mr. Huygens, or as 11 to 

5, according to that of Mr. Cajjini. The in¬ 

terior Diameter, comprized between the two 

oppolite Cavities, is to that of Saturn as 6 ± 

to 4: For from the Body of Saturn to the 

Cavity of his Ring, there is juft as much 

Space as from that Cavity to the outward 

Circumference. If Saturn himfelf be 30,000 

Leagues in Diameter, then from his Surface to 

the Cavity in Queftion will be 9,375 Leagues, 

and from thence to the Extremity 9,375 

Leagues alfo, inftead of 8000, the ufual 

Computation. 

The 
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The fourth Figure reprefents to us the 

greateft opening of this Ring, when its 

Breadth, from B to C, or from D to F, ap¬ 

pears equal to half its Length from A to E. 

From this Proportion of Length and Breadth 

is calculated the Angle that this Ring makes 

with the Orbit of its Planet, which is from 

30 to 31 Degrees. It is remarkable, that in 

the midft of its apparent Breadth is obferved 

an obfeure Line, fuch as is marked out by the 

Points in the Figure. The Colour of its in¬ 

terior Part, which is neareft the Body of the 

Planet, appears more lively and luminous 

than that of its exterior Part, which is 

fartheft from the Body of the Planet, 

and the black Line, we juft now mention¬ 

ed, makes the Separation of thefe Parts. 

Thus every Time that this Ring difappears, 

its exterior Part difappears hrft; for the other 

continues rifible fome Days after. 

In the Years 1714 and 1715, when this Ring 

was twice feen to difappear and appear, it 

was obferved, that its Oriental Part withdrew 

from Sight a Day or two fooner than the Occi¬ 

dental, and, on the contrary, that this fame 

Occidental Side difeovered itfelf a Day or two 

fooner 
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fooner than the Oriental. Mr. Caffini, the 

Father, had before obferved fomewhat like it 

in 1671; which made him judge, with Rea- 

fon, that the Parts of this Ring which are of 

the fame fide, for Infiance A, B, and D, E, 

of the 3d Figure, are not in the fame Plane, 

and confequently that this Ring is thin¬ 

ner, and more {harp at its Extremities A 

and E, than towards theinward Cavity B, C, 

or D, F. 

There are two different Caufes, which oc- Rea fins of 
the Jifiap- 

cafion our lofing Sight of this Ring. The pearing ef 

firft is, that its Plan returning from being * 

oppofed to the Sun, its two Sides receive the 

Rays of Light but very obliquely ; which oc- 

cafions that Light to become too feeble to 

firike our Eyes. This happens when Saturn, 

with regard to the Sun, is in 19 Deg. 45 

Min. either of Pifces or Virgo. If there 

were no other Caufe that produced the round 

Phafis of Saturn but this, it would never con¬ 

tinue above a Month 5 as was proved by Ob- 

fervations made in the Years 1685 and 1701. 

Towards the End of the Appearance, the 

Shadow of the Ring upon the Body of Sa¬ 

turn was perceived more clearly, and appear¬ 

ed 
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ed a little above or a little below the middle 

of his Difk, as reprefented in Fig. i. 

The fecond Caufe which renders the Ring 

invifible, is the Coincidence of its illuminated 

Part with the vifual Ray, which paffes on 

the Side which is not illuminated *. The 

Terms of this Appearance are lefs limited than 

thofe of the other before fpoken of: How¬ 

ever, one is always fure of feeing it twice, 

when Saturn, oppofed to the Sun in 19 Deg. 

45 Min. of Pifces or Virgo, is retrograde 

with regard to us. His Latitude, being ob- 

ferved from the Earth, can differ one Time 

fiom another but very little; but this little 

is neverthelefs fufficiently perceptible, to ad¬ 

vance or prorogue thefe Terms. In 1671, 

there were more than fix Months between 

the two Dilparitions of the Anfas, compu- 

ting from the End of Aleiy to the 8 th of De¬ 

cember. The Place of Saturn, with regard to 

the Sun, was the firfl Time in 1^ Degrees 

of Pilces, and the 2d Time in the Beginning 

of the 20th Degree. In 1714, Oft. 12, 

the Day on which the Anfae difappeared, Sa- 

. 1 * ^he Caufes are, the Plane of the Ring raffes ei- 

both wh“h 

turn 
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turn with regard to the Sun was in the be¬ 

ginning of the 17th Degree of Virgo; and 

the 22d of May 1715, the Day of the fecond 

Difparition, he was advanced to 21 Degrees 

and an half of the fame Sign ; but the Time 

which elapfed between thefe two Difparitions, 

was not more than 5 Months and fome Days. 

Thus the round Phafes towards the begin- 

ning of July 1744, and in the Month of 

May 1760, were not redoubled at all; and 

we ought, confequently, to leave to Pofterity 

the Obfervation of the Return of this Phe¬ 

nomenon. 

Many People are curious to know if this 

Ring be a continuous or folid Body, or if it 

be not compofed of Satellites, which are fo 

near the one to the other, that our Sight can¬ 

not diftinguifh them. The laffc of thefe two 

Conjectures feems to me very probable. For 

if it be objected, that the Motion of all thefe 

Satellites, in one common Orbit, cannot fub- 

fift without their interrupting each other, let 

them be ever fo little excentrical; it will be 

fufficient to anfwer, that this Motion is not 

excentrical at all. If it be faid farther, that 

the fuperior Satellites cannot finifh their Pe¬ 

riods 

3°9 
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riods in the fame Time as the inferior ones, 

becaufe the Gravity, or centripetal Force of 

their circular Motion, diminifhes in recipro¬ 

cal Ratio of their Diftance from the Center 

of Saturn; I anfwer again, that this Diffe¬ 

rence of their Periods is in reality what is pre¬ 

tended, but that the exaCt refemblance of all 

the Satellites of one and the fame Order, 

makes us regard this Collection of feparate Sa¬ 

tellites as one continued Body. 

There remains yet one fmall Difficulty more 

to be removed. That Orbit, it will be faid, 

far from being exaCtly circular, is elliptical, 

its Grand Axis being always perpendicular to 

a Line drawn from the Center of the Sun to 

that of Saturn ; becaufe, as all the Satellites 

are but fo many Moons, they muff, for this 

Reafon, obey the fame Laws of Gravitation 

as our Moon. Now as the Orbit of the 

Moon is neceffarily flatten’d a little in the 

Conjunctions, as well as the Oppofltions, and 

is more curve in the Quadratures, as we have 

proved in Chap. XXII. it follows that the 

fame Variation muff needs arrive in that of 

the other Satellites. The Matter, therefore, 

depends only upon the Difference of Saturn’s 

Gravi- 
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Gravitation upon the Sun, and that of his 

Satellites upon him; and it is of this Diffe¬ 

rence that we (hall give the Meafure in Chap. 

XXV. 

The Bands of Saturn, which, being parallel 

with his Ring, fhew us, that what caufes 

them is elevated to a great Difiance above the 

Surface of that Planet, becaufe their Curva¬ 

ture is little or not at all fenfible ; prove indu¬ 

bitably, that Saturn is encompaffed with an 

Atmofphere much more extenfive than ours. 

But fuppofing, as above, that this Ring is 

compofed only of an infinite Number of Satel¬ 

lites, it will not be neceffary to extend it fo 

far as them. And how vaft foever this At¬ 

mofphere may be, it muff be incompara¬ 

bly more tranfparent than ours, fince the 

Fixed Stars, which are fometimes feen be¬ 

tween the Anfe and the Body of Saturn, 

futfer there neither Refradfion nor Change of 

Figure, as in all other Atmofpheres. 

It is a very remarkable Thing, that among 

the 5 Satellites of Saturn, there are 4 which 

make their Revolutions in the fame Plane with 

his Ring, and that only the 5th has a parti¬ 

cular Orbit. The Inclination of the Orbit of 

this 
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this lad, from that of Saturn, is but between 

15 and 16 Degrees; whereas the 4 others 

circulate in a Plane, whofe Inclination from 

that of their principal Planet is 30 Degrees, 

or more. The Nodes therefore, of the one 

and the four, are a little different. Thefe lat¬ 

ter have the fame Nodes as the Ring, name¬ 

ly, in 19 Degrees, 45 Minutes of Pifces and 

Virgo; but the other cuts the Orbit of Sa¬ 

turn rather at 15 Degrees, that is, in the 

4th, or 5th Degree of the fame Signs. 

' h>£fore we leave Saturn, it is neceflary to 

Mo- remark one Particular more concerning his 

Motion, which has not yet been obferv’d 

with regard to the other Planets. All the 

more antient Obfervations, being compared 

together among themfelves, as well as with 

thofe of modern Date, give us an Edimate of 

his mean annual Motion at 12 Degrees, 13 

Minutes, and between 33 and 36 Seconds, 

at mod:. But the modern Obfervations on¬ 

ly, compared with one another, give that 

fame Motion as diminifhed fome few Seconds, 

reducing it to 12 Degrees, 13 Minutes, and 

between 20 and 29 Seconds. Other fmall 

Inequalities have been obferved in the Mo- 
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tion of Saturn, fince the Time of Pycho- 

Brahe ; but which all agree to fhew us, that 

his mean Motion is lefs fpeedy at prefent, 

than it was in the Time of the Egyptians 

and Chaldeans. Mr. Cajjini has proved this 

beyond Difpute, in a Memoir prefented to the 

Academy, ^January io, 1728, by compar¬ 

ing the modern Obfervations, as well as 

thofe of Ptolemy, with a very antient Obfer- 

vation made the ift of March of the Year 

448 5 of the Julian Period. 

Though Sir Ifaac Newton has proved, that 

when Jupiter is the neareft to Saturn that he 

poffibly can be, he produces a manifeft Change 

in the Motion of that Planet; yet the Dimi¬ 

nution of Saturn’s Motion is too fenfible, and 

of a Nature too different from what it ought 

to be, for us to fuppofe that Jupiter is the only 

Caufe of it. In fa<5t, if there were not other 

Bodies that contributed thereto, how could it 

happen, that, in the grcateft Proximities of 

thefe Planets, the Motion of Saturn fhould be 

fometimes accelerated, and fometimes retard¬ 

ed, as it undoubtedly is, according to the 

Obfervations reported by Mr. Cajjini? 

3^3 
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I believe therefore, that the Diminution of 

Motion, which Saturn more fenfibly experi¬ 

ences than all the other Planets, is caufed by 

the Attraction of many Comets which 

traverfe immenfe Regions of the Univerfe, 

beyond the Orbit of Saturn. Their Num¬ 

ber and Magnitude are :confiderable enough 

to have a fenhble EffeCt, with regard to the 

Gravitation of Saturn upon the Sun, which is 

equal but to a 9th Part of the Earth’s At¬ 

traction towards the Center of our Syftem. 

Thus the Inequalities of this Diminution are 

more commodioufly explained by the different 

Proximities of the Comets, than by any o- 

ther Caufe; and if the inferior Planets fed 

lefs than Saturn from their approaches, it is 

becaufe the attractive Power of the Sun has 

much more the Advantage over that of the 

Comets in thefe lower Regions, than it has in 

that of Saturn; as we have before faid. 

* This may be true; but that is no realbn to believe it; 
and it may not be true, for the Comets being near to, or 
far from Saturn, are very accidental, and may caufe, in- 
creafe, as much as Diminution of Motion ; for the Moon 
moves falter in Conjunction when nearell the Sun, than in 
her Quadratures cceteris paribus. 

CHAP. 
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CHAP. XXIV. 

OJ the Zodiacal Light, the Comets, 

and the fixed Stars. 

Of the Zodiacal Light. 

E R T AIN Hypothefes, by which the 

Phenomenon of the Zodiacal Light is 

explained, feem contrary to Sir Ifaac Newtons 

Demonftrations concerning the Motion of 

Bodies in refilling Mediums. This is what 

we mufl endeavour to clear up; and it is 

principally for this Reafon, * that we make 

any mention of the Zodiacal Light in the 

prefent Work. 

The Zodiacal Light is a Brightnefs like 

that of the milky TVay, and fometimes more 

luminary: It extends almofl the whole Length 

of the Zodiack, to 50,60,70,80,90, and 

fometimes to 100 Degrees and more from the 

Place of the Sun, on one Side and the other. 

Its Points, and a great Part of its luminary 

Arch, when it is not obfcured by, or in¬ 

termixed with our Twilight, feem to have 

an annual and diurnal Motion round the 

Earth. 
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Earth, fimilar to that which is vulgarly at- 

tributed to the Sun. According to the learned 

Remarks of Mr. DeMairan, drawn from the 

Obfervations of MefT. CaJJmi, Eimmart, Kir- 

cher, and others, ’tis at about the End of 

Winter, and the Beginning of the Spring, 

that the Evening is moft proper in our Cli¬ 

mates to take a good Obfervation of this 

Light; and the Morning towards the End 

of Summer, and the Beginning of Autumn. 

This Difference is an Effect of the different Po¬ 

rtion of the Ecliptic upon the Horizon, which 

occafions the Point of Light in Queftion to 

fall fometimes higher, fometimes lower. 

The Angle at the Point, where the two 

Sides reunite, is very unequal; varying from 

20 Degrees, to 8 only. Mr. deMairan, more¬ 

over, reports certain Obfervations of Mr. Caf- 

Jinij who had found it of an irregular Figure, 

and curve like a Sickle; and of Mr. Facio de 

Duilliers, who defcribes the Sides with fuch 

Points as are called in Geometry Points of 

Re-curvature, or contrary Reflexion, like 

thofe of two Conchoids upon the fame A- 

fymptote. 

One 
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One of the molt elTential Particulars, that 

we know concerning this Phenomenon, and 

for which we are indebted to the great Saga¬ 

city of Mr. de Mairan, is, that the middle 

Section of this Light, or of the Matter that 

refleas it towards us, is the fame as the Plan 

of the Sun’s Equator, they both having the 

fame Nodes with our Ecliptic, with which 

they make an Angle of 7 Degrees and a half. 

This is, at lealf, a probable Demonftration 

that this Matter belongs naturally to the 

Sun: It is not without Reafon, therefore, 

that the Name of folar Atmofphere has been 

given it. Tho’ we mud; not confound it 

with the Atmofphere that encompalfes the 

Sun nearer his Body, and in which fwim the 

folar Spots, making with it their periodical 

Revolution in 25 Days and an half. 

The Figure of this outward Atmofphere 

is a very flat Spheroid, whofe greateft Dia¬ 

meter is often 5, or even 8 or 9 Times larger, 

than that which is imagined from one Pole 

to the other. Its Extent at different Times 

is fo unequal, that its fuperior Point is fome- 

* Demonftration mull be taken here in a large Senfe 
Extending to a probable Conjecture. 

times 
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times much below the Orbit of the Earth, 

and fometimes much above it. This inclined 

Mr. de Mairan to believe, that this Spheroid 

was very excentrical, and that its Apfides 

had a Motion much more quick, and perhaps 

lefs regular, than thole of the planetary Or¬ 

bits. It is evident then, that the Aphelion 

of this Spheroid mull extend to between the 

Orbits of Mars and the Earth, and that its 

Perihelion mull terminate above the Orbit of 

Venus, without reaching to that of the 

Earth. 

On this Occafion it is pertinent to enquire. 

How it comes to pals that the Earth and the 

Moon, which both enter this folar Atmo¬ 

sphere, feel no Refinance from Matter, 

that mull: necelfarily have fome fort of Den- 

fity ? Why the Velocity of their Motion is 

not retarded ? Why, in a Word, the Orbit 

of the Earth becomes not gradually lefs, from 

Age to Age, as it mull infallibly do, if this 

Motion was made in a Medium that refills ? 

It is an incontellible Truth, and demon- 

Rrated by Sir lfaac Newton in the 4th Se&ioti 

of the 2d Book of his Philofophy, that the 

Denfity of a Medium being laid down in re¬ 

ciprocal 
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ciprocal Proportion of the Diftances from the 

Center of Motion, and the Gravity in double 

reciprocal Proportion of thelefame Diftances, 

the circular Motion muft change into that of 

Spiral ; and that this Spiral is precifely the 

fame that Dejcartes and Father Merfenm firft 

difcovered ; namely, that which divides all 

the Radii proceeding from one only Center, 

under an Angle always equal. Therefore, if 

the folar Atmofphere invelops the Earth and 

the Moon, the Years ought continually to 

grow fhorter, becaufe the Orbit is continually 

contracted 5 the Velocity both of the annual 

and diurnal Motion, muft always diminiffi; 

the apparent Diameter of the Sun will grow 

larger to our Eyes; his Heat, with regard to 

us, will augment, till at laft it deftroys every 

living Creature upon Earth. 

I think myfelf able to folve this Difficulty, 

in the following manner. All the fmalleft 

Parts of this Atmofphere are as fomany little 

Planets, which turn round the Sun almoft 

in the fame manner, and the fame Senle, as 

the great ones which we have hitherto known 

under that Name. Hence it follows, that 

they have themfelves, continually, Velocities 

very 
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very little different from thofe of the Earth 

at the fame Diftances from the Sun. 

Every one fees, that an Affemblage of Par¬ 

ticles, which turn with the fame Rapidity 

as a Body of confiderable Magnitude, that is 

encompaffed by them, cannot make any Re¬ 

finance to the Motion that this Body makes 

from the fame Principles. Every one lees 

alfo, that the Velocities of this Affemblage 

of minor Planets, if they fometimes refift a 

little the Motion of a greater that happens 

to be among them, thefe Velocities being 

increafed on the oppofite Side, will foon make 

it regain what it before had loft. 

We are obliged, particularly, to the cele¬ 

brated Facio de Duilhers for this Idea. Tho’ 

that great Geometrician did not forefee the 

Inconvenience, that would arile from the 

Refiftance of this Matter with regard to the 

Motion of the Earth, the Moon, Venus, and 

Mercury ; he was yet the firft who let us 

know, that this Light was probably a Iphe- 

riodical Colledioh of fmall Planets; as the 

Milky Way is only an infinite Number of 

fixed Stars, fo fmall that we cannotdiftinguilh 

them. 

But 
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But how is this ? Some one will fav. You ^ 
. J Objection 

have deftroy’d the Vortices of Defcartes in againjitht 

your 16th Chapter, and would you now efta- cf Mr. de 

blifh another Vortex, entirely contrary to your Duillier3, 

Principles ? This Atmofphere, which, ac¬ 

cording to you, turns incefTantly round the 

Sun, and whofe Motion extends beyond the 

Orbit of the Earth, is it not a newTourbillon, 

which you fubflitute in the Place of that you 

have taken fo much Pains to annihilate, in 

favour of Newtons Philofophy ? And, Vortex 

a gain ft Vortex, why is not that of Defcartes 

as good as yours ? 

To this I anfwer, That the Vortices of 

Defcartes are very different from the circular, 

or elliptical Motion of the fmall Planets of 

this Atmofphere ; to which I confent that the 

Name of Vortex may be given, if any one 

approves of it, provided he allows me at the 

fame time, that it has no Refemblance with 

thofe of Defcartes *. It is not neceffary to 

repeat here all the Inconveniences of thefe 

Vortices, which we have examined in the 

preceding Chapters; we will be content with 

* Of that there muft be ipecial Care taken. 

men- 
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mentioning only one Thing, in which they 

differ from that we are treating of. That the 

Vortices of Defcartes may, in Fa ft, have 

Force fuffcient to carry round the Planets 

that fwim in them ; it is neceffary that the 

Planets fhould never have either more or lefs 

Matter than the Part of the Vortex that puts 

them in Motion; which is contrary to Expe¬ 

rience $ for their Motion in their Aphelia is 

much flower than in their Perihelia, and yet 

the Quantity of Matter which they contain, 

is always the fame. That which gives them 

their Rotation, therefore, is.not a Power im¬ 

printed on them by any foreign Matter j for 

if it were, that Matter being more large in 

their Aphelia, and more clofe in their Peri¬ 

helia, it would produce a quite contrary Ef- 

fe<ft*. But our Vortex mud not be taken 

for a primary Spring of the planetary Motion, 

becaufe we confider Gravity, or Attraction, 

towards the Sun, as the true and primitive 

Caufe of that Motion. All the Ufe we make 

of it, in fhort, is only to retard the Motion 

* tuBl\Vf the Diftance between the Sun and the Earth 
m the Vortex be fomctimes greater, the Earth having 
broader Space will move flower therein. * 

of 
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of the Earth, and the inferior Planets 

which is very different from imprinting a 

Motion on them, like the Vortices of Def- 

cartes. 

An Objection much more real may be A feeottd 

made, from the Nature of circular or cur- 

vilineal Motion, caufed by fome central Body 

towards which all others are attracted. There 

is no Doubt but that the Center of Powers 

muft be always in the fame Plane in which 

the Motion is made ; for this is a neceffary 

Confequence of the Demonflrations, by which, 

in the 19th Chapter, we proved the Equality 

of Areas defcribed in equal Times. How 

then, it will be faid, can it be poffible that 

two or more Bodies, whofe Circulation be¬ 

gins in different Planes, but at equal Diflance 

from the Sun, fhould avoid clafhing together 

fomewhere, before they finifh even their firfl 

Revolution ; fince it is impoffible that two 

different circular Planes, which have the fame 

Center, fhould avoid interfering each other 

in two Points of their Peripheries ? We do 

not fee, however, that this happens with re- 

* But the Particles about it moving equally faft, as 
Page319, Line*//, they can be no Hinderance. See 
alfo Page 327. L$. 

gard 
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gard to the Matter that produces the Zodiacal 

Light, becaufe fuch a Clalhing as this would 

foon reduce it into one Mafs, and make of 

it a new Planet, according to the Theorems 

of Motion cauied by Percuffion, demonftrated 

io clearly by Meff. Mariotte, Huygens, and 

Herman. Tho’ certain Sparks of this Light 

obferved by Meffi Caflini and de Quilliets, de- 

monftrate pretty clearly that this Claffiing of 

the little Bodies that compofe the Matter of 

it, is a very common Thing, this does not 

hinder that Matter from continuing to fub- 

M, or from having its Viciffitudes of Dimi¬ 

nution and Increaie. But a Claffiing in the 

Interfe<flion of two, or more Plans, fuch as 

that we have juft been ipeaking of, has ne¬ 

ver been remark’d, and certainly never will be. 

To folve this Difficulty, we muft confider 

what would happen if there was a fecond 

Earth, of the fame Figure and Magnitude 

with ours, and if thefe two Earths were fo 

to touch one another at the two Poles of their 

common Orbit, as that the meridional Pole 

of the one was applied immediately to the 

leptentrional Pole of the other : It is cer¬ 

tain that the Center of the one and the other 

would 
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would defcribe a particular Orbit, whole Plane 

would not only not pafs thro’ the Center of 

the Sun, but would even be diftant from it 

the whole Semidiameter of each. 

I proceed farther. If in the Room of thefe 

two Earths we fuppofe 4,6,8, or more, we 

muft neceftarily recur to the fame Reafoning; 

and the Multiplication of thefe Bodies on 

every Side, will produce only a Multiplication 

of particular Orbits. But the common Cen¬ 

ter of Gravity of all thefe Earths joined to¬ 

gether, fituated at the Point of Contad: of 

the two middle Poles, will at the fame Time 

defcribe an Orbit that fhall hold the middle 

Place of all the reft, and pafs unavoidably 

thro’ the Center of the Sun *. 

To return to the little Bodies that compofe 

this Atmofphere ; let us fuppofe all thofe 

which are at the fame Diftance from the Sun 

to touch one another, and there is no Doubt 

but they will unite eternally, as would do a 

Row of Earths, which had all equal Revo¬ 

lutions round the Sun. A fuperior or inferior 

Order of thefe Bodies, it is true, would make 

* Thefe are like the ingenious Hypothefes of Defcartes, 
that win not lolve Difficulties except they be proved true. 

a par- 
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a particular Revolution in a Period of Time 

fferent from that of the preceding ; but 

they would be always in Union among them- 

felves, and without ever quitting thofe of the 

fame Rank. It fignifies little whether the 

different Ranks, fuperior and inferior, touch 

one another, or not, provided there be nei¬ 

ther Inequality nor Fridtion, which may re¬ 

tard their Motion. 

A third Objection, that may be made a- 

gainft the Motion of the folar Atmofphere, 

we imagine is this: The periodical Revolu¬ 

tion of the Sun’s Spots, and confequently of 

the lower Part of this Atmofphere, with which 

thefe Spots evidently make their Revolution, 

confifts of 25 Days and an half, which are 

counted from the Time that one Part of this 

Atmofphere is under any particular fix’d Star, 

to the Return of the fame Part under the 

fame Star. 

Let us now compare the periodical Revo¬ 

lution of the Sediment of the folar Atmo¬ 

fphere with the Time employ’d by the Parts 

fituated in an Elevation equal to that of the 

Earth. To efiedt this, we begin by laying 

it down as a Principle, that all Planets, both 

great 
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great and fmall, make their Revolutions in 

the fame Region of Heaven in equal Times *. 

This is what no Perfon can deny, without 

contradicting Experience itfelf, which proves 

that the Difproportion of the Mafles of Ju¬ 

piter, Mars, and Mercury, creates no Dif¬ 

proportion in the Times of their periodical 

Revolutions. 

The planetary Bodies or Particles of this 

Atmofphere, being at an equal Didance with 

the Earth, will make their Revolutions then 

in a Year ; but to explain the Thing fully, 

we mud: have Recourfe to this Rule of Kep¬ 

ler : As the Cube of 213 Semidiameters of 

the Sun, which make the mean Didance of 

the Earth from that Luminary, is to the 

Square of 525,949 Minutes, or a Year ; fo 

is the Cube of one fingle Semidiameter of the 

Sun, to the Square of between 169 and 170 

Minutes. The Bottom, or Sediment, of the 

folar Atmofphere, ought then to turn in be¬ 

tween 169 and 170 Minutes; but Experience 

teaches us, that its Revolution takes up 25 Days 

* Abftra&ing from the Vicinity of other Planets, and 
Comets. 
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and*, as we have already feen* which makes 

a Difproportion too obvious. 

To (hew that this Objection has in it more 

Appearance than Solidity, it will be fufficient 

to fay that the folar Atmofphere is feparated 

into two Parts by a Vacuum fo large, that 

the fuperiorPart can have no Communication 

with the inferior. Now as this Separation 

permits the inferior Atmofphere to follow the 

Motion of the Sun round his own Axis, and 

to have the fame periodical Time, it gives us 

a Right to maintain that the fiiperior Part, 

that it may not fall upon the inferior, has 

need of a planetary Motion, whofe centrifu¬ 

gal Forces may counterbalance the centripe¬ 

tal Every one then mu ft be obliged to al¬ 

low, that this fuperior Atmofphere ought to 

have different Degrees of Velocity in its diffe¬ 

rent Parts ; otherwife the loweft would con¬ 

tinually defcend toward the Sun, and the 

higheft in like manner might be elevated above 

Saturn. 

Of COMETS. 

Sir Ifaac Newton was the firft that gave us 

a true Idea of the Comets Motion. Never- 

thelefs 
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thelefs Mr. Caffiniy the Father, had before 

found the way to predict their apparent Si¬ 

tuation, when they are not too near the Sun. 

For, though he knew very well that their 

Motion is curvilineal, he yet fuppofed the 

Curvature to be fo little fenfible, that it might 

be look’d upon as a right Line; and by the 

Help of this Suppofition, he found out a Cal¬ 

culation that differs little or nothing from Sir 

Jfaac's j fince the more the equal Segments of 

a Parabola remove from its Summit, the 

more they approach to a right Line. 

When Sir Ijaac Newton invented the Hy¬ 

pothecs of the parabolical Motion of the Co¬ 

mets *, to render its Calculation more geo¬ 

metrical and lefs perplex’d, he did not actual¬ 

ly believe that the Curvatures of their Way 

were true Parabola’s. On the contrary, in 

the 42d Proportion of the 3d Book of his 

Philofophy, he teaches the manner of finding 

by Approximation the grand Axis of their 

elliptical Orbits y with this ReftriCtion how¬ 

ever, that thefe Orbits are of a Figure fo ob¬ 

long, that we cannot fee them all entire. We 

do not fee the Comets therefore, but 

* It was found to be matter of Fad from Obfervations, 
and no Hypothecs invented by him. 
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when they are in their Perihelia, becaufe all 

the rell of their Courfe is made in Regions fo 

remote, that our Sight cannot extend fo far. 

What we fee of the Orbit of a Comet, is of¬ 

ten not equal to an hundredth Part of what 

we do not fee. For as the Comets do not 

ufually begin to appear till they are defcended 

to a Diftance nearer the Sun than Jupiter, 

and farther from him than Mars. When they 

return into the fuperior Regions, and attain 

a Diftance from the Sun equal to that of Ju¬ 

piter, their Light is fo weak that it is per¬ 

ceived with the utmoft Difficulty. 

As a Parabola is nothing elfe but an Ellip¬ 

sis, whofe Center is infinitely remote from 

its Focus, this Term is ufed, according to 

Sir Ifaacs Rules, in the room of Ellipfis, 

when the precife Meafure of the two Axes is 

not known, provided that the greater Axis ex¬ 

ceeds the leffer at leaft 20 Times. Other- 

wife, it would not only be a confiderable 

Fault to prolong the parabolical Motion be¬ 

yond the Diftances in which Comets are via¬ 

ble, but we ffiould moreover deprive our- 

felves thereby of the Hope of ever feeing 

them again. 

Thus 
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Thus the Motion of the Comets round the 

Sun fo far refembles that of the Planets, that 

though the former approach much nearer that 

Luminary than the latter, they are not liable 

to impinge upon him, when the Curve of wb the 

their Motion becomes perpendicular to its ^hTpianeu 

Diflance. For the centripetal Force being p°„geUp2' 

lefs than a third, in proportion to the Di- ^f.Su”in. 

fiance of the Sun and the Velocity of the Pe- belia- 

rihelion, the Planet or Comet is no fooner ar¬ 

rived at its greateft Proximity to the Sun, 

but it begins to recede from that Luminary 

again *. 

Its Atmofphere, Duration, Tail, and Re¬ 

turn, are the mofl remarkable Particulars rela¬ 

ting to a Comet. 

The Atmofphere of a Comet differs from 

that of an ordinary Planet, in that it is larger 

in proportion to the Body it furrounds. Some 

of them have 15 Times as much Diameter 

as the Comets themfelves. Likewife the 

fame Atmofphere is not always equally ex¬ 

tended, becaufe it diminifhes and increafes by 

Fits. 

* But when its near the Aphelion the centrifugal Force 
is far greater than the attra&ive Force, but all on a fud- 
pen the attractive Force exceeds the former. 

It 
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It is not well known yet, whether thefe 

Diminutions and Augmentations return re¬ 

gularly at the fame Diftances from the 

Sun and the Perihelion. For, according 

to the Obfervations of Hevelius, cited by 

Newton, thefe Atmofpheres dimini{h in pro¬ 

portion as they come nearer the Sun, and 

augment according as they remove from him. 

On the contrary, Mr. de Mairan allures us, 

that they encreafe on approaching the Sun, 

by the Parts of the folar Atmofphere that 

they carry away with them as they pafs a- 

long : Both thefe Opinions feem founded on 

this, that the Atmofpheres of the Comets 

probably diminifh till they meet that of the 

Sun, from which they acquire new Materials. 

Moreover, thefe Atmofpheres, containing an 

Air like ours, muff always occupy more 

Space when they defcend towards the Sun, 

than when they afcend from him ; becaufe 

this Air rarifies extremely when they defcend, 

and condenfes in like manner when they 

afcend. 

The Duration of the Comets is proved, ac¬ 

cording to Sir IJaads reafoning, by the De¬ 

grees of Heat they undergo in their Perihelia. 

This 
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This Philofopher made a Calculation, that 

the Cometin 1680, which palled by the Sun's 

Surface at the Diftance only of a 6th Part of 

his Diameter, muft contrail a Heat 2000 times 

greater than that of red hot Iron. Whence he 

concluded that this Body muft be very com*- 

pa<5t, and as antient as the World ; otherwife 

it could not have refilled the Rays of the 

Sun, in that Proximity, but muft have eva¬ 

porated. 

As the Sentiment of Sir lfaac is a kind of 

Paradox to thofe who have made no Progrefs 

in thefe Matters, it is proper to fee how he 

fupports it. The Line comprifed between 

the Center of the Sun and the Comet in 

Queftion, in its Perihelion, was to the Ra¬ 

dius of the Earth’s Orbit as 600 to 100,000. 

The Heat perceived on Earth then, was to 

that of the Comet as 360,000 to 10,000, 

000,000, or as 1 to 28,000. Now as the 

greateft Heat in Summer is to that of boiling 

Water hut as 1 to 31, and as this laft is yet 

four Times lefs than that of red hot Iron, 

he found that the Iron’s Heat was to that 

of the Comet as 14 to 28,000, or as 1 to 

2000. 
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If a Ball of red hot Iron lofes its Heat 

in one Hour, and the Time neceftary to cool 

the heated Spheres be in proportion to their 

Diameters and Degrees of Heat; it will re¬ 

quire 108 Millions of Years to cool the Body 

of that Comet, provided it be fo large as our 

Earth. 

my the This Reflexion difcovers to us, and makes 

^the Comas US eclua^y admire* the Wifdom of theCrea- 
are fo ex- tor. Nothing could fubfift in the Comets, 
centrical. . - . . . # y 

ir they had not a Heat fufficient for the Pre- 

fervation of their Matter. Nature, to the End 

(he might give them as much Heat as they 

have need of, even in Regions the moft re¬ 

mote, where a circular Motion, or one but 

little excentrical, would have deprived them 

of the Sun’s Heat, has augmented fo confi- 

derably their Excentricities, that they con- 

trad fuch a Heat in a very (hort Time, as 

makes them enjoy a temperate Warmth du¬ 

ring the reft of their Revolution. But if, on 

the other Side, there are animate Creatures in 

the Comets, as Mr. Huygens has proved there 

are in the Planets, they muft of neceffity re¬ 

tire into the interior Cavities of thefe Comets, 

to 
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to fecure themfelves from that general Con¬ 

flagration on their exterior Surfaces. 

To confider the irregular Figure of fome 

Comets, one would judge that they do not 

turn upon their Axes; becaufe they cannot 

have this Rotation without having at the 

fame Time a fpherical, or a fpheroidical Fi¬ 

gure, and one Body only enclofed in their 

Atmofphere. But fbme of them have been 

feen, that were neither exactly fpherical nor 

fpheroidical; others, that feemed to be an 

Aflemblage of divers Bodies, of different Fi¬ 

gures and Magnitudes; which noWays agrees 

with a diurnal Motion, and renders the Pofi- 

tion of their Axes extremely variable. Be- 

fides this, their Tails, which are very unequal, 

and change almofl every Moment, muft ei¬ 

ther fenfibly retard, or totally flop the Ro¬ 

tation in Queftion j which has not yet been 

obferved. 

But if the Comets do not turn round on 

themfelves, the fame Part, before and after 

their Conflagration, muft be almoft always 

expofed to the Sun 5 and confequently, one 

Part only of their Spheres can be habitable, 

becaufe that continually fees the Sun, and the 

other 
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other is buried in a Night of many Years, or 

many Ages Duration; which, neverthelefs, 

does not hinder but this Hemifphere may have 

as much Heat as that which is illuminated. 

To explain this Paradox, we will add to what 

has been faid concerning their Excentricity, 

Page 334, that the Heat which they may 

receive from the Sun in their Aphelia, is not 

the 10,000 Part of what is felt at the Poles 

of the Earth ; and that the Heat contra&ed 

in their Perihelia, mu ft afterwards continue 

equal over all their Surface. 

The Smoke which ilfues from the Comets, 

and which difperfes itlelf in the Regions of 

Heaven that they traverfe, compofes their 

Tails. They begin to form themfelves a lit¬ 

tle before the Comets arrive at their Perihe¬ 

lia, and from the Time that the Sun’s Heat 

is intenfe enough to enflame the combuftible 

Matters on their Surfaces, when the Smoke 

makes a Breach through their Atmofpheres. 

It is true, however, that this Conflagration 

begins a little before we perceive the Smoke j 

but we confider here only the Inflant when 

we firfl difcover their Tails. 

They 
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They are never longer than when the Co¬ 

mets afcend from their Perihelia, after which 

they diminifh daily* even at the Time that 

they approach the Earth. From thefe De¬ 

grees of Augmentation and Diminution, the 

learned Newton found that the Tails of Co¬ 

mets were only Smoke. This was farther 

confirmed by their Direction, which extends 

always towards the Parts oppofite to the Sun. 

We cannot give a more fenfible Comparifon 

of the Times, than that which our Philofo- 

pher has given, tho’ it will require to be a 

little more circumflantiated. 

Let us conceive to ourfelves the Idea of a 

lighted Torch, with the Wick reverfed, that, 

by a proje&ile Motion, furrounds the Earth $ 

all its Smoke will afcend, and endeavour to 

get away from the Center of the Earth, not- 

withftanding this Inverfion. Farther, this 

Smoke will fo incline towards the Regions 

contrary to the Motion of the Torch, that 

the upper Part of it will feem to move more 

flowly than the lower: And, what is yet more 

remarkable, the Smoke will appear broader 

at Top than at the Bottom 5 as we fee by 

that which iffuesoutof Chimnies, which al¬ 

ways 
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ways occupies more Space than it did before. 

All this agrees perfectly with the Phenomena 

of thefe Tails. The kindled Part of a Comet, 

which is that towards the Sun, drives its 

Smoke to the Parts oppofite to that Lumi¬ 

nary. 

This Smoke has always fome Curvature at 

its Extremity, which is reclined, or beat 

backwards, in proportion to the Length of 

the Tail ; the longer this, the greater the 

Curvature; and the Curve Extremity is alfo 

larger than that which adheres to the Body 

of the Comet. This Comparifon is fo exadt, 

that it leaves no Room to queftion but the 

Tails of Comets are real Smoke, caufed by 

their Conflagration on approaching the Sun. 

Mr. deMairan very ingenioufly a flag ns ano¬ 

ther Caufe to the Tails of Comets, which we 

{hall here infert, and endeavour to reconcile, 

as much as poflible, with that which Newton 

has juft now furnifhed us with. He remarks, 

that the Comets, as they pafs by the folar 

Atmofphere, amafs not only Particles which 

incorporate with them, as was before obferved, 

but others alfo, which cannot fuddenly fol¬ 

low the Comet, but detach themfelves from 
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it, to form behind it a kind of Cone : Which 

Figure, according to that great Philofopher, 

being rejected or pufhed by the celeftial Mat¬ 

ter, .takes a Rout contrary to that of the Co¬ 

met, as the Hair of a Man’s Head, when he 

walks, or runs, againil the Wind, takes a Di- 

jredion contrary to that of the Head. 

This Comparifon is good with regard only 

to the growing Tails of Comets, which have 

.not yet attained their Perihelia. For the co¬ 

nic Collections from the folar Atmofphere, 

drawn by the Comets after them, and the Be¬ 

ginning of their Smoke, which are the two 

Caufes affign’d, as they both produce the 

fame Appearances, fo they both muft have the 

fame Effeds upon our Sight. But beyond 

their Perihelia, the celeftial Matter direds that 

which hangs on the Comet towards the Sun. 

Therefore no one ought to be furprifed, if 

the Smoke of Comets is much moreeafily ob- 

ferved, than this little Affemblage of Matter 

that they carry along with them. 

The periodical Revolutions of the Comets, 

is what at prefent engages the principal Atten¬ 

tion of many Philofophers. The Return of 

that which appear’d in 1682, may be pre- 

dided 

339 
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di&ed for the Year 1757 or 1758. There is 

the greateft Room to believe it was the fame 

that was feen in 1607; for there was fo little 

Difference found between the Velocity, the 

Nodes, and the Inclination of the one and 

the other, that it may be confidered merely 

as an EffeCt of the Attraction of the Planets, 

and the other Comets. 

Mr. CaJJini has difcovered, that almoft all 

thefe tranfient Bodies have a Road different 

from that of the Planets. It has hitherto 

been unknown of what Confequence this new 

Zodiac, and this periodical Return of the 

Comets, may be for the Prefervation of the 

human Species. Imagine, for Example, that 

there are fortuitous Bodies, which accidentally 

fall in with our Ecliptic : What a Difafter 

would it be for our Earth, if unhappily fhe 

fhould find herfelf in the fame Point ? The 

Idea of two Bombs, which burft on clafh- 

ing together in the Air, is infinitely be¬ 

low what we ought to have of fuch a Ren¬ 

counter as this. Happily for us, it has been 

difcovered that the greateft Part of the Co¬ 

mets, in the Nodes of their Orbits, are much 

lefs remote from the Sun than either our 

Earth, 
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Earth, Venus, or Mercury. This is the whole 

Foundation of our Security, and hence we 

learn how many Thanks we owe the fu- 

preme Being for fo great a Benefit. 

The Comets, by their unexpected Returns, 

fometimes produce Phenomena altogether 

furprifing, when their Caufe is unknown. 

Such was, according to Mr .Whifton, that ex¬ 

traordinary Eclipfe of the Sun fpoken of by 

Herodotus, which arrived in the Spring of the 

Year 4334 of the Julian Period, when Xerxes 

departed from Sardis, the Capital of Lydia, 

where he had fpent the Winter. Such was 

alfo, according to Wolf, that of the Moon, 

which happened in the 14th Century, that ce¬ 

lebrated Mathematician having fhewn in his 

Elements of Phyfic, after George Phranza, 

that this Phenomenon could not happen na¬ 

turally, the Moon being then in one of her 

Quarters. To conclude, fuch was that of 

which Gregory Abulpbarachius, an Arabian 

Author, makes mention in his Hiftory of the 

oriental Dynafties, where he remarks, that 

under the Emperor Heraclius the Sun ap¬ 

peared all over the Earth, for the Space of 

three Days, as red as Blood, which might 

well 

341 
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well happen, by the Interpofition of a Comet’s 

Tail. 

Of the FIXED STARS. 

clnfadL Vaac Newton’s Syftera feems to con tra- 

NewChedia regard to the fixed Stars, which, 

iiian Syf- according to him, attract one another, and 
tern, with 

regard to yet remain immoveable; we mud: begin with 

Stan. explaining his Sentiment, and fhewing, that 

it does not imply any Contradiction at all. 

The Diftance that there is between one 

fix d Star and another is fo immenfe, that 

they could not defcend towards each other fo 

much as one Tingle League in a Year. This 

is what will be Teen in the following Calcu¬ 

lation. ift. Ponderous Bodies, according to 

our Computations, Page 244, defcend (if we 

keep to round Numbers) at leaft 1,260,000 

Feet upon the Surface of the Sun, during the 

firft Minute. 2dly, According to Huygens, 

the neared: fixed Stars to the Sun are diftant 

28,000 Semidiameters of the Eartn’s Orbit, 

or thereabouts, that is to fay, above 5,600,000 

Tolar Semidiameters, the Square of which is 

3 C3 60,000,000,000. The neared: fixed Star 

to the Sun, therefore, advances towards him 

the 
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the 3T3./olo000o0o0o000 Part of a Foot, during 

the firft Minute. But if, inftead of this 

Fraction, we reckon the —Loo* Part of a 

Foot, we fhall find for the firft Year 11,000 

Feet, which is very near the exa£t Number, 

with regard to the Sum total. 

Sir Ifaac Newton has demonftrated, in the 

12th Proportion of the 3d Book of his Phi¬ 

lofophy, that the common Center of Gravity 

of our planetary Syftem, would be diftant 

one folar Semidiameter from the Center of the 

Sun himfelf, that is about 4,000,000,000 

Feet, if all the Planets were on one Side, and 

this Luminary on the other. What Difpro- 

portion then, between the Diforder of the 

Sun, occafioned by the Planets that encompafs 

him, and that which proceeds from the fixed 

Star that is neareft to him ! even no lefs than 

between 11,000 and 4,000,000,000 Feet! 

Now as the Sun is fometimes on one Side 

of the univerfal Center of his proper Syftem, 

and fometimes on the other, and as the fame 

thing happens to every fixed Star, with re¬ 

gard to the unknown Planets that furround 

it, the manifeft Refult is, that thefe luminous 

Bodies are reciprocally attra&ed by Forces 

much 



344 Elements of 

much weaker than thole which fometimes 

draw them from each other. Thefe Vicif- 

fitudes then, of Proximity and Diftance, are 

what always retained the fixed Stars in their 

natural Situation, without any Pofiibility of 

their ever falling upon one another. 

As certain fixed Stars, which, according 

to the Oblervations of Montnnaro, have dis¬ 

appeared within fome Years part, and have not 

deftroy’d theStability of thofe which remain, 

it may be proper to enquire what may be 

the Caufes of their difappearing *. The ce¬ 

lebrated Wolf fpecifies three of thefe Caufes 

in his Phyficks, iff. They may, according 

to him acquire Motion, and thereby withdraw 

themfelves from our Sight. 2dly, By falling 

back into Chaos, they may burlt, and evapo¬ 

rate entirely. 3dly, They may lofe their 

Light, either altogether, or in fuch a Degree 

as to make them invifible to us. 

The firft of thefe Caufes appears by fo 

much the lefs probable, as the Attra&ion of 

* The Stm that difappear cannot be called fixed : they 
* e more likely Planets revolving about a fixed Star, which 
appear when thev come near the Earth, with their W 
nous Part towards it, as that in the Whale, the Swan and 
Hydra, which have their periodical Returns. 5 
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the fixed Star, which ftiould difappear, would 

become ftronger, and would precipitate all the 

Bodies that might environ it, one upon ano¬ 

ther, The fecond is not more probable, 

fince this pretended Difiolution mull change 

the reciprocal Gravitation of the Stars that 

were neareft to that which Ihould evaporate ; 

fo that, for the future, they would have no¬ 

thing to keep them in Equilibrium. We 

will therefore adopt the third, becaufe by 

fuppofing the Stability of the * fixed Star, we 

fuppofe it to preferve all its attractive Force. 

The fame Judgment Ihould be made of 

the periodical Returns of the Apparition and 

Occultation of certain Stars, that have been 

cbferved in the Whale, the Swan, and the 

Hydra. For tho’ the Part which is towards 

us be more or lefs luminous, and we fome- 

times lofe Sight of it entirely, yet they never 

quit their Places, but their Attraction continues 

to preferve the Equilibrium of the Univerfe. 

It follows, from all thefe Arguments, that 

the reciprocal Gravitation of two fixed Stars, 

does not diminilh precifely in the inverfe or 

reciprocal Proportion of the Squares of their 

* Then they difappear, becaufe their Light is put out; 
but what puts it out ? 

Diftances, 
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Diftances, efpecially near the common Cen¬ 

ter of their Gravity. It follows alfo, that 

the Law of Gravitation may vary, as may 

be feen at the End of Chap. VII. where the 

different forts of Attraction are fpoken of. The 

ACtion of the Loadffone upon Iron * in inverfe 

Reafon of the Cubes of their Diffances, and 

that of tranfparent Bodies upon the Rays or 

Atoms of Light, fufficiently prove, not only 

the Poffibility, but the Reality of what is 

here advanced. 

* Action of the Load ft one on Iron, being mechanical, 
cannot be called Gravitation. 

CHAP. 
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CHAP. XXV. 

Of thefecond Inequalities of the Motion 

of the Satellites, and the Phceno- 

mena that depend thereon. 

A FTER having given the Reader, in the 

XXIft Chapter, feveral Particularities 

of the Moon’s Motion, to eftablifh the Ne- 

ceffity of Attraction ; it remains that we 

(hould (hew in this, that the Theory of thefe 

Inequalities, caufed by this Mechanifm, is 

entirely conformable to Obfervations. 

Sir IJaac Newton has affigned three Caufes 

of thefe forts of Irregularities. He maintains, 

i ft. That the Force which draws the Moon 

towards the Earth, is lefs than that which 

draws thefe twoPlanets towards the Sun ; 2dly, 

That, confidering the Orbits as exactly circu¬ 

lar, the Force which attracts the Earth to¬ 

wards the Sun is always equal, whereas that 

which draws the Moon towards the fame Lu¬ 

minary is greater in her Conjunction than in 

her Oppolition: and 3dly, That the Lines 

of Attraction, which tend towards the Sun, 

contract 
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contract themfelves in Proportion as they 

come nearer him, and always augment the 

Gravitation of the Moon towards the Earth, 

efpecially when that Planet is in her Qua¬ 

dratures. 

If we fuppofe, for Example, that the Moon 

is in Conjunction with the Sun 5 it will ap¬ 

pear, that, by her Gravitation only towards 

the Earth, fhe will defcribe, in 10 Hours 20 

Minutes, a fmall Arch, of 100 fuch Parts, 

whereof 1000 compofe the Radius of her 

Orbit, and 336,000 make her Distance from 

the Sun. Now if, during this Time, the 

Moon defcribes 100 Parts of her Radius, it 

follows that (according to the Rule of circu¬ 

lar Motion, mentioned Page 331, Line 7.) 

as 1000 Parts of this Radius are to 100 (a 

Line which differs little from the Arch in 

Queffon) fo the Number 100 is to 10, the 

uniform Defcent of the Moon towards the 

Earth. But if we would determine theDe- 

fcents of the Earth and the Moon towards 

the Sun, we mull conform to the Rules given 

Page 233, and proceed by this fhort Opera¬ 

tion. iff As 1 (the Moon’s Diffance from 

the Earth) divided by the Square of a perio¬ 

dical 
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dical Month, is to 337, divided by the Square 

of a Year; fo 10 (the Defcent of the Moon 

towards the Earth) is to 19, the Earth’s 

Defcent towards the Sun. 2dly, As the 

Square of 336,000 is to the Square of 337,000; 

fo 19 (the Earth’s Defcent towards the Sun) 

is to 19^8, the Moon’s Defcent towards 

that Luminary. There muft then be fa of 

one Angle Part of the Moon’s Radius, taken 

from 10 Parts of the fame Radius, to find 

her true Defcent towards the Earth; which 

will in FaCt be only 9^*; whereas it would 

be 10, without the particular ACtion of the 

Sun upon that Satellite. By the fame Reafon 

the Moon’s Diftance from the Earth, which 

was laid down at 1000 Parts, will be found 

to confift of iooox^ Parts; which contri¬ 

butes yet more to the Diminution of her 

Gravity. 

Whilfl: the Moon is yet fo little diftant 

from her Conjunction, the Force which im¬ 

pels her towards the Line of theSyzigiae is not 

at all confiderable ; but it augments in pro¬ 

portion as this Planet comes nearer her Qua¬ 

drature. When, on the contrary, fhe has at¬ 

tained her Quadrature, that fecond force, which 

aCts 
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adts in the fame Senie as her Gravity towards 

the Earth, drives her always towards our 

Globe, till, being in her Oppofition, fhe finds 

herfelf diftant from it only 1000 Parts. 

By the Mixture of thefe two Forces, the 

Diftance of the Moon from the Earth, in 

her Quarters, will be from 1023 to 1024 

Parts, continuing the Calculation, which we 

have before fketch’d out, and remembring 

the Obliquity arifing from the Configuration 

of that Satellite with the Sun. As for the 

reft, we do not here any longer admit of Ex- 

centricityj if we did, the Orbit would be al¬ 

ways oval, tho’ of different Breadth and Fi¬ 

gure, according to the Capacity of the Angle 

comprifed between the two Lines of the Ap- 

fides and the Conjunctions. For fuppofing 

this Angle nothing, the Excentricity becomes 

laiger than if we fuppofe it of go Degrees ; 

fince in the firft Cafe, the grand Axis is 2000, 

and in the fecond, 2047. °ur Dimenfions, 

it is true, are not the fame with thofe of 

SirIJaacNewton : But as that great Man ac¬ 

knowledges, towards the End of his Preface, 

that his Lunar Theory hath its Imperfections, 

we have thought it fufticient to keep clofe 

to 
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to his Principles, without fubje&ing ourfelves 

to his Menfurations. 

As to the Satellites which compofe Saturn’s 

Ring, we fhall find, by a fimilar Calculation, 

that the grand Axis of their Orbit is to the 

ftnall, as iooo9\ to 1000, and that, confe- 

quently, this Orbit is 2,250 Times lefs ellip¬ 

tical than that of the Moon. 

But to fatisfy thofe who may doubt whe¬ 

ther our Calculation be conformable to Ob- 

fervations, let us return to the Excentricities, 

which we have only pointed out before, and 

fhew, by a new Computation, that they agree 

with the apparent Diameters, and horary 

Motions of the Moon. 

When the Apfides fall in the Syzigie, the 

greated Excentricity of the Orbit being, 

according to the mod famous Adronomers, 

to the mean Didance of the Moon, as 67 are 

to 1000, one may eafily conceive that the 

Apogaeon is aidant from the Earth 1067, 

and the Perigaeon 933. By the fame Reafon, 

when the Apfides are at the Quarters, the 

Excentricity in quedion being but 44, and 

the mean Didance 1024, that of the Apo- 

gaeon to the Earth ought to be 1068, and 

that of the Perigaeon 980, Now 

35 
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Now the apparent Diameter of the Moon 

in her Apogason, confifts (to count without 

Fractions) of 29 Minutes and 40 Seconds, 

and never varies more than from 1067 t0 

1068. On the contrary, it varies always in 

her Perigason from 34 Minutes to 32^ Mi¬ 

nutes, that is, in reciprocal Proportion of 

933 to 980. Therefore the Diftances of the 

Apogaeon and the Perigason are precifely, ac¬ 

cording to our Calculation, in reciprocal Pro¬ 

portion of thole apparent Diameters, that 

have hitherto been found by Obfervation. 

The Exadtnefs of thefe Relations is no lefs 

proved by her horary Motion. For while 

the Areas defcribed are equal, thefe Motions 

are always in reciprocal Proportion of the 

Squares of Diftances. Thus, as the Square 

of 933 is to 29 Min. 20 Seconds, the Horary 

of her Apogason j fo is the Square of 1067, 

agreeably to Obfervation, to 38 Minutes, the 

Horary of her Perigason in theSyzigie. And 

if the Square of 980 produces 29 Min. 20 Sec. 

that of 1067 will produce, conformably to 

Obfervation, 35, for the Horary of her Peri¬ 

gason in the Quarters. 

it 
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It appears alfo, that, by the fame Laws of 

Gravitation towards the Sun, the Moon, which 

is not in the Ecliptic, ought to approach it 

even to the Syzigia?; becaufe, according to 

the Angle of her Orbit with ours, her Lati¬ 

tude continually grows lefs than it ought to 

be. This Latitude then diminifhes every 

Moment; and whereas in the Quadratures, 

near the Nodes, it was of 5 Deg. 18 Min. it is 

barely of 5 Deg. both in the Conjunctions 

and Oppositions ; which renders the Surface 

of the Orbit curvilineal. If, on the contrary, 

the Nodes are in the Syzigice, the ACtion of 

the Sun doth not diminish the Latitudes, the 

Angle in queftion remains always the fame, 

and the Orbit becomes a plain Superficies. 

As to their Motion, it is then extremely flow, 

becaufe the ACtion of the Sun, which, during 

a pretty confiderable Space of Time, is almoft 

parallel to the Diftance of the Moon and 

the Earth, never flackens at all : But it is 

not the fame in the Quadratures, where they 

have a confiderable Retrogradation. For the 

Moon meets them every Month about three 

Hours fooner, efpecially at the Middle both 

of herlncreafe and Decreafe, where the Diffe¬ 

rence 



354 The Elements of 

rence of her Gravitation, and of that of 

the Earth, towards the Sun, augments and 

diminifhes more fwiftly than any where 
elfe. 

ttrfef. The Preceffion of the Equinoxes, as well 
trial Poles, as the Retrogradation of the Nodes, is more- 
Page 2c8. _ J 

over an Effed of thefe Irregularities, tho* 

much more flow j becaufe the Quantity of 

terreftrial Matter, which is under the Equa¬ 

tor, differs very little from that of the Me¬ 

ridians 3 and becaufe that little Exce/s, un¬ 

der the Equinodial, fupplies the Place of a 

Satellite, or a Ring, fuch as that about Sa¬ 
turn. 

There are feme other Caufes, which ren¬ 

der the Motion of the Satellites a little irre¬ 

gular, but whole Effeft is not confiderable, 

except with regard to themfelves. It has 

been remarked, that the Apogson of the firft 

and fourth Satellite of Jupiter is conftantly 

the fame with that of their central Planet ; 

and that it is not till after many Revolutions 

of this latter, that the Orbit of the 3d Sa¬ 

tellite returns to the fame Inclination. Thus 

the Nodes of thefe four little Bodies have not 

varied. 
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varied, at lead: fince they have been obferved, 

which is more than a hundred Years. In a 

Word, all thefe Inequalities are far fhort of 

thofe of the Moon ; not to mention her Ro¬ 

tation, which differs confiderably from what 

fome have thought they have perceived in 

the other Satellites. 

After having run thro* all thefe different 

Motions, we can by no Means excufe our- 

felves from {hewing their Caufe ; which is not 

fo obfcure as many People may have ima¬ 

gined. Take it in a few Words. The reci¬ 

procal Attraction of thefe Planets, occalioned 

by their Number and Proximity, is much fu- 

perior to the Action of the Sun upon them. 

By this it is eafy to judge, that the Ring of 

Saturn muff extremely diforder the Satellites 

which make their Revolution round it, efpe- 

cially the fmallefl and moff excentrical of 

them. In like manner we may judge, that 

the Attraction of this Ring muff confidera¬ 

bly retard the Defcent of Bodies upon the Sur¬ 

face of Saturn. In fine, the Example of the 

Flux and Reflux of the Sea, will not fuffer 

qs to doubt of this Truth. For it is a Con- 

fequence of all that was fa id in Chap. XVIII. 

that 

355 
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that the Gravity of the Center of the Earth 

towards the Moon is always the fame; where¬ 

as the Waters that happen to be between this 

Center and the Planet, are there attracted 

with more Velocity, than when the diurnal 

Rotation of the Earth has tranfported them 

to the Point diametrically oppofite. 

This is what we had to fay concerning the 

principal EfteCts of the Newtonian Attraction, 

fuch as it was imagined by that famous Ma¬ 

thematician ; by regarding it as the only Caufe 

of the Refraction of Light, and as the firft 

Spring of the Meehanifm of the Univerle. 

In Quality of a Philofopher, it is true, he 

aftigned to it an Empire in Nature yet much 

more extenfive, by reducing under its Laws 

all the Operations of Heat, the Compolition 

and Decompofition of Mixts, the Eledricity 

that is remarked in Amber, the Diamond, 

Spanifh Wax, and other Bodies of like Na¬ 

ture : But we will not enter into this De¬ 

tail, becaufe it would carry us too far, and 

has befides no Relation to Geometry, which 

we have never loft Sight of in all this Work. 

We will ftnilh it then, without fpeaking of 

the double Refraction of thelflandilh Chryftal, 

of 
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of the Diminution of the Denfity and Elafli- 

city of the Air, of the Tenacity of vifcous 

Mediums, in which any Body whatfoever 

may move ; and many other fimilar Mat- 

ters. It is for the fame Reafon that we have 

but lightly touched on certain Things, fuch 

as the Preceflion of the Equinoxes, and the 

periodical Return of the Tides; Phenomena, 

in which there mud: be yet fome other mix'd 

Caufe, that has been hitherto unknown. For 

if we are ignorant ofwhatoccafions the Equali¬ 

ty of the Motion of Jupiter’s equinodial Points, 

and of the Nodes of his Satellites, we are no lefs 

ignorant why the Flux and Reflux of the 

Sea follows rather the Mean, than the true 

Motion of the Moon. At leaf! we mud: con- 

fefs, that the Concurrence of the Sun’s Ac¬ 

tion with that of a Satellite, upon a principal 

Planet in the Syzigias, or their Difference in 

the Quadratures, cannot furnifh us with the 

Reafon of thefe two Effeds. 

FINIS. 
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Explanation oj' the hard Words ujed in this 

Tdreatife. 

A. 

ANecdote, is a fecret Hiftory, or private Memoirs. 

Attraction is the Effed of a Power in Matter, by 

which all Bodies tend to one another, with a Force in 
Proportion to the Quantity of their Matter. 

Atmofphere is all that Air that furrounds the Earth, which 

riles ?o Miles above its Surface, as appears by the Mer¬ 
cury in the Barometer. 

Aries is thefirft of the 12 Signs in the Ecliptic, each con¬ 
taining 30 Degrees. 

Area is a Space inclofed on any Superfice. 

C. 

(ftbe is a folid Figure, in which all theDimenftons, 
Breadth, Fleight and Depth are equal, or a Number 

ariiing from its Square, multiplied by the Root, as 27 
comes from 9 by 3. 

Convex is the Outfide of a curve Line, or Superfice. 
Concave, the Infide thereof. 

Cone is a folid Figure, wherein its circular Bafe tapers, 
till it come to a Point, as a Sugar Loaf. 

Converge. Lines are Lid to converge, when they come 

nearer to one another the more they are continued, 
and do at laft meet in a Point. 

Catopiricks is a Science, in which the Laws of the Refledion 

of Rays are explained and demonftrated, as why an Ob- 

jed appears in one Part of a Looking-Glafs, and not 
in another, Cfc. 

Cataraa is a Diftemper in the EyeGght, arifing from a 
thick Cruft on the Pupil of the Eye. 

Centric 
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Centrifugal Force, is that whereby Bodies moving cir¬ 

cularly, tend to go from the Center of the Motion 

called fometimes a proje&ile Force. 

Centripetal is a Force whereby Bodies tend to the Center 

of this Earth, or any fpherical Body by Attra&ion, cal¬ 
led fometimes Gravity. 

D. 

Jfylverge, Lines are faid to diverge, when coming from 

a Point, they go further from one another the 
longer they are continued. 

Dead Force, is that which inclines Bodies to Motion, tho’ 

there be none, as a Stone preffes with a dead Force to 

the Center of the Earth. 

Difc is that Part of a Globe that appears to our Eye, as in 

an Eclipfe of the Sun the Moon covers a Part or the 

whole of its Difc. 

E. 

Ellipfts is fuch an oval Figure as would arife by cutting a 

Cone through its two Sides obliquely, fuch as that in our 

Tables that are near, but not quite round. 

Equator is an imaginary Circle at equal Diitance from the 

two Poles of the Earth, which if enlarged would reach 

to the equinodlial Line in the Heavens. 

Ecliptic is a Circle cutting the Equator, with an Angle of 

23 Deg. and 29 Min. through which the Sun feems to 

move in a Year. 

F. 

pocus is a burning Point near the middle of aPiece 

of Glafs in the Form either of a Clobe, where the 

Rays of Light would meet, or of an Egg, if its 

longeft Diameter were dire&ed to the Sun, it is ap¬ 

plied to a Point in the Axis of the Section of a Cone. 

G. Groufo 
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G. 

0 UP, or Bundle, its applicable to a Pencil of Rays 

that come from the Sun, which may contain either 

the fame or different forts of Rays. 

H. 

TjEmifphere is the half of a Globe, either of the Earth 
■* or Heavens, &c. 

I. 
pNdefinite is that which, tho’ it hath Limits, yet they 

cannot be conceived by us. 

Inflexion is bending, which the Rays of Light make in 
palling by the Edges of lharp Bodies. 

L. 

J IVING Force is that which actually produces 
fome Motion. 

Latitude is theDillance of a Place from the Equator in De_ 
grees and Minutes. 

Longitude is the Diftance of the Meridian of a Place from 

that which is called the firlt Meridian, counted on the 
Equator in Degrees. 

M. 

fyjlcrofcope^ is an Inftrument in which are two or more 

convex Glaffes, through which an Objed is greatly 
magnified. 

Meridian, is an imaginary Circle palling through both 

Poles, which may be conceived either in the Heavens, 

or on the Earth - if it pafs through our Place or over 
us, it is called our Meridian. 

N. 

J\pO D E S are the two Points in which one great Circle 

cuts another, as the Orbit of the Moon cuts the 

Ecliptic in two Points, that are the Moon’s Nodes. 

O Orbit 
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QRBIT of the Moon is not the Circumference of 

her Difc, but the Circle her Center defcribes round 

the Earth, or rather the Ellipfis; Allowance being made 

by the Attraction of furrounding Bodies. 

Of dilation is the fame with Vibration, or Twinging of a 
Pendulum, or any heavy Body, hung on a Point. 

Opticks is the DoCtrine and Vifion in which the Parts of 

the Eye, their Ufe and Manner of Teeing, is deTcribed 

P. 

p LA NET is z dark Globular Body, revolving about 

the Sun, or Tome other Planet, which being illumi¬ 

nated by the Sun, appears luminous as the Planets Ju¬ 

piter, Saturn, Mars, Venus, that appear like fixed Stars, 

but are not. 

Plenum is a Space quite void of Matter. 

Parallelogram is a Figure of four ftraight Sides parallel^ 

and the two oppofite Sides equal. 

Polar Circles are fmall Circles, within 23 Deg. and f of 

each Pole. 

prifm is a folid Figure, inclofed by parallel Planes, of 

the fame Length, and is called either triangular or 

Tquare, according as the two Ends are. In a triangular 

Prifm of Glafs the different Kinds of Rays are parted 

by their different Rarefactions. 

Pores are fmall Spaces in Bodies thought to be void, or 

that do contain a fine Fluid. 

R. 
T) Etina is a fine Net on the back Part of the Eye, on 

which the Images of ObjeCts are painted. 

Ray of Light is a moft fwift Motion of its Atoms from 

the Sun, tho’ it comes alfo from fome Flies, rotten 

Wood, dry’d Fifli. 

Refran- 
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Refrangihility is a certain Power, by which a Ray of Light 

is turned out of its Courfe parting from one Medium 

into another, as from Air to Glais or Water, which 
Power arifes from fome Quality in the Ray which de¬ 

nominates it either Red or Green, tffc. 

Ratio is the Proportion between one Number, fuperfice, 

or Body and another j two Ratio’s are faid to be inverfe 

or reciprocal, when more gives Ids, or lefs gives more. 

S. 

gjftetiite is a ftcondary Planet, revolving about a primary 

one, as thofe of Jupiter, Saturn, and that of the 
Moon about our Earth. 

Spheroid is an Egg-like Figure, in which one Diameter is 
longer than the other. 

Square Number, is theProdu<3 of one Number multiplied 

by another, as 9 is the Square of 3, and 3 the Root of 9. 

Sol/lice is the fartheft Point the Sun goes to from the E- 
quator, either North or South. 

Sine of an Angle or Arch, is a Line from the End of it 
perpendicular to the Diameter. 

T. 

CJ^Rran [parent is that which admits the Light to pafs eafily 
through it. 

Telefcope is an Tnftrument in which are two or more Glafles, 

of fuch a Figure, that the Rays are brought thereby to* 

our Eye, fo as to fee Gbjedts far off dirtin&ly, and as 
it were near us. 

V. 
Jf'dcuum is a Space in which there is no Matter, either 

in the Pores of Bodies, or beyond the Limits of 
the World. 

Z Zenith. 
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z. 
Tilth is the Point in the Heavens exactly over our 

Head, and Nadir the Point oppofite to it. 

Zodiac is a broad Circle in the Heavens, in which all the 

Planets move, being about 8 Deg. broad on each Side 

of the Ecliptic. 

Zone is all that Space comprehended either between the 

Poles and Polar Circles, and is called the frigid Zone; 

or between the two Tropicks, which is called the torrid 

or burning Zone; or between the Tropicks and the 

polar Circles, and is called the temperate Zone. 
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