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IT may be proper to acquaint the Reader,

that we have in this Edition added, in the

Margin, References to the Englijh Translation

of the Principia lately published, directing to

the several Pages in that Translation, where

the Things here treated of are proved : And

that the Asterisk in the Margin is designed to

shew how far the Discourse in the Principia is

the fame with what is found in this Treatise.
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From Sir Isaac Newton'j*

Mathematical Principles,

Lib. III. Introd.

IN the preceding books I have

laid down the principles of

philosophy ; principles, not

philosophical, but mathematical ;

such, to wit, as we may build our

reasonings upon in philosophical

enquiries. These principles are

the laws and conditions ofcertain

motions, and powers or forces,

which chiefly have respect: to phi

losophy. But lest they should

have appeared of themselves dry

and barren, I have illustrated

them here and there with some

philosophical scholiums, giving

an account of such things as

are of more general nature, and

which philosophy seems chiefly

to be founded on ; such as the

density and the resistance of bo

dies, spaces void of all bodies,

A 3 and
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and the motion of light and

sounds. It remains, that from

the fame principles I now demon

strate the frame of the System

of theWo R l d. Upon this fub-

ject, I had indeed composed the

third book in a popular method,

that it might be read by many :

but afterwards considering that

such as had not sufficiently en

tered into the principles, could

not easily discern the strength

of the consequences, nor lay aside

the prejudices to which they had

been many years accustomed ;

therefore to prevent the disputes

which might be raised upon such

accounts, I chose to reduce the

substance of that book into the

form of propositions (in the ma

thematical way) which mould be

read by those only, who had first

made themselves masters of the

principles establislied in the pre

ceding books.
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T was the ancient opinion of

not a few in the That the matter of

earliest ages of phi- the Heavens is fluid.

losophy, That the fixed Stars

stood immoveable in the

highest parts of the world ; that under

the Fixed Stars the Planets were carried

about the Sun ; that the Earth, as one of

the Planets, described an annual course

about the Sun, while by a diurnal mo

tion it was in the mean time revolved

about its own axe ; and that the Sun, as

the common fire which served to warm

the whole, was fixed in the center of the

Universe.
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definAr'e WaS ^ P^^^P^Y taught of

nark. Ari-'old by Thilolaus, Aristarchus of Sa-

ttot.tib.z.jnos, 'Plato in his riper years, and the

SuSch, whole sect of 1116 Pythagoreans. And

z.#. 3. L this was the judgment of Anaximander,

Uphills. & more ancient than any of them, and of

in Numa. that wise king of the Romans, Numa

Tompilius •, who, as a symbol of the

figure" of the World with the Sun in the

center, erected a temple in honour of

Vefla, of a round form, and ordained per

petual fire to be kept in the middle of it.

The Egyptians were early observers

of the heavens. And from them pro

bably this philosophy was spread abroad

among other nations. For from them

it was, and the nations about them, that

the Greeks; a people of themselves more

addicted to the study of philology than

of nature, derived their first, as well as

soundest, notions of philosophy. And

in the vestal ceremonies we may yet

trace the ancient spirit of the Egyptians.

For it was their way to deliver their

mysteries, that is, their philosophy of

things above the vulgar way of think

ing, under the veil of religious rites and

hieroglyphick symbols.

It is not to be denied but that Anax-

agoras, Tiemocritus and others did now

and then start up, who would have it

that the Earth possessed the center of
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the World, and that the Stars of all sorts

Were revolved towards the west, about

the Earth quiescent in the center; some

at a swifter, others at- a flower rate.

However, it was agreed on both sides,

that the mOti6ns of the celestial bodies

were performed in spaces altogether free,

and void of resistance. The whim of

solid orbs was of a later date, introdu

ced by Eudoxus, Califpus and Ariftotle }

when the ancient philosophy began tO

decline, and to give place to the new

prevailing fictions of the Greeks.

But above all things, the phænomena

of Comets can by no means consist with

the notion of solid orbs. The Chaldeans,

the most learned astronomers of their

time, looked upon the Comets (which

of ancient times before had been num

bered among the celestial bodies) as a

particular sort of planets, which, descri

bing very eccentric orbits, presented

themselves to our view only by turns,

viz. once in a revolution, when they

descended into the lower parts of their

orbits.

And as it Was the unavoidable conse

quence of the hypothesis of solid orbs,

While it prevailed, that the Comets mould

be thrust down below the Moon ; so no

sooner had the late observations of astro

nomers restored the Comets to their an-

B a cient
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cient places in the higher heavens, but

these celestial spaces were at once cleared

of the incumbrance of solid orbs, which

by these observations were broke into

pieces and discarded for ever.

The principle ofcir- WHENCE it Was that the

cuiar motion in free Planets came to be retained

paces* within any certain bounds in

these free spaces, and to be drawn off

from the rectilinear courses, which, left

to themselves, they should have pursued,

into regular revolutions in curvilinear

orbits, are questions which we do not

know how the ancients explained. And

probably it was to give some sort of sa

tisfaction to this difficulty, that solid orbs

were introduced.

The later philosophers pretend to ac

count for it, either by the action of cer

tain vortices, as Kepler and Des Cartes

or by some other principle of impulse

or attraction, as Borelli, Hoek, and others

of our nation. For, from the laws of

motion, it is most certain that these ef

fects must proceed from the action of

.some force or other.

But our purpose is only to trace out

the quantity and properties of this force

p. a6i. from the phenomena, and to apply what

Pri'd we discover *n some simple cases, as

n p' principles, by which, in a mathematical

... way,
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way, we may estimate the effects there

of in more involved cases. For it would

be endless and impossible to bring every

particular to direct and immediate ob

servation.

We said, in a mathematical way, to

avoid all questions about the nature or

quality of this force, which we would

not be understood to determine by any

hypothesis; and therefore call it by the

general name of a centripetal force, as

it is a force which is directed towards

some center ; and as it regards more par

ticularly a body in that center, we call

it circum-solar,circum-terrestrial,circum-

jovial, and in like manner in respect of

other central bodies.

T h a t by means of centripetal forces,

the Planets may be retained The effects of cen-

in certain orbits, we may easily «>p«ai forces,

understand, if we consider the motions

of projectiles. For a stone projected is p. 4. *. «•

by the pressure of its own weight forced Vo1' l'

out of the rectilinear path, which by the

projection alone it should have pursued,

and made to describe a curve line in the

air ; and through that crooked way is at

last brought down to the ground. And

the greater the velocity is with which it

is projected, the farther it goes before it

falls to the Earth. We may there-

' B 3 fore
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fore suppose the velocity to be so en-

creased, that it would describe an arc of

i, 2, 5, 10, ioo, iooo miles before it

arrived at the Earth, till at last exceeding

the limits of' the Earth, it should pass

quite by without touching it.

Let AFB represent the surface of the

Earth, C its center, VD, VE, VF, the

curve lines which a body would de^

scribe, if projected iri an horizontal di

rection from the top of an high moun

tain, successively with more and more

Vid.vol.u.velocity, And, because the celestial mo-

p«ncip. tjons are scarce]y retarded by the little

or no resistance of the spaces in which

they are performed ; to keep up the pa

rity of cases, let us suppose either that

there is no air about the Earth, or at

least that it is endowed with little or no

power of resisting. And for the same ,

reason that the body projected with a

less velocity, describes the lesser arc VD,

and with a greater velocity, the greater

arc VE, and augmenting the velocity,

it goes farther and farther to F and G;

if the velocity was still more and more

augmented, it would reach at last quite

beyond the circumference of the Earth,

and return to the mountain from which

it was projected.

And since the area's, which by this

motion it describes by a radius drawn

to
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to the center of the Earth, are (by 'Prop, i .

Book i. Trincip. Math.) proportional

to the times in which they are described ;

its velocity, when it returns to the moun

tain, will be no less than it was at first ;

and retaining the same velocity, it will

describe the same curve over and over,

by the same law.

But if we now imagine bodies to be 1

projected in the directions of lines pa

rallel to the horizon from greater heights,

as of 5, io, ioo, iooo or more miles,

or rather as many semi-diameters of the

Earth those bodies, according to their

different velocity, and the different force

of gravity in different nights, will de

scribe arcs either concentric with the

. Earth, or varioufly excentric, and go on

revolving through the heavens in those

trajectories, just as the Planets do in their '

orbs.

A s when a stone is projected obliquely,

that is, any way but in the per- The certainty ofthe

pendicular direction, the per- argument,

petual deflection thereof towards the

Earth from the right line in which it

was projected, is a .proof of its gravi

tation to the Earth, no less certain than

its direct descent when only suffered to

fall freely from rest ; so the deviation of

bodies, moving in free spaces, from recti-

B 4 linear.
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linear paths, and perpetual deflexion

therefrom towards any place, is a sure

indication of the- existence of some force,

which from all quarters impells those

bodies towards that place.

And as from the supposed existence

of gravity, it necessarily follows that all

bodies about the Earth must press down

wards, and therefore must either de

scend directly to the Earth, if they are

let fall from rest, or at least perpetually

deviate from right lines towards the

Earth, if they are projected obliquely ;

so from the supposed existence of a force

directed to any center, it will follow by

the like necessity, that all bodies, upon

which this force, acts, must either de

scend directly to that center, or at least.

deviate perpetually towards it from right

' lines, if otherwise they should have

moved obliquely in these right lines. >

And how from the motions given we

may infer the forces, or from the forces

given we may determine the motions, is

shewn in the two first Books of our

Principles of Philosophy.

I f the Earth is supposed to stand still,

what follows from and the fixed Stars to be revol

ve supposed diurnal ved in free spaces, in the space

motion of the stars. q{ ^ homS) ^ ^ ^

forces by which the fixed Stars are re

tained
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wined in their orbs, are not directed to the

Earth, but to the centers of the several

orbs, that is, of the several parallel cir

cles, which the fixed Stars, declining to

one side and the other fromthe Equator,

describe daily. Also that by radii drawn

to the centers of those orbs, the fixed

Stars describe area's exactly proportional

to the times of description. Then be

cause the periodic times are equal, it By cor. 3.

follows that the centripetal forces are as ^rfk\4'

the radii of the several orbs ; and that

they will perpetually revolve in the same

orbs. And the like consequences may

be drawn from the supposed diurnal mor

tion of the planets.

That forces should be directed to no

Body on which they physically depend,

but to innumerable imaginary The incongruous.

points in the axe of the Earth consequences of this

is an hypothesis too incongru- suPPosition-

ous. Tis more incongruous still that

those forces should increase exactly in

proportion of the distances from this

axe. For this is an indication of an

increase to immensity, or father to infi

nity ; whereas the forces of natural

things commonly decrease in receding

from the fountain from which they

flow. But what is yet more absurd,

neither are the area's, described by the

same
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same Star, proportional to the times,

nor are its revolutions performed in the

same orb. For as the Star recedes from

the neighbouring pole, both area's and

orb increase-; and from the increase of

the area, it is demonstrated that the forces *

are not directed to the axe of the Earth.

And this difficulty arises from the two

fold motion that is observed in the fixed

Stars, one diurnal round the axe of the

Earth, the other exceeding stow, round

the axe of the ecliptic. And the ex

plication thereof requires a composition

of forces so perplexed and so variable,

that it is hardly to be reconciled with

any physical theory.

That there are centripetal forces

That there is a cen- directed t0 the b°dieS

«rip«ai force really of the Sun, of the Earth, and

Erected to the cen- orher Planets, thus I infer.

ter of every planet. w , ,

The Moon revolves about

our Earth, and by radii drawn to its

f. *u. center, describes area's nearly proportio

nal to the times in which they are de

scribed ; as is evident from its velocity

compared with its apparent diameter.

For its motion is flower, when its dia

meter is less (and therefore its distance

greater) and its motion is swifter when

its diameter is greater.

The
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The revolutions of the satellits of

Jupiter about that planet are more re- p- lo6<

gular. For they describe circles concen

tric with Jupiter by equable motions, as

exactly as our senses can distinguilh.

And so the satellits of Saturn are re

volved about this planet with motions?, ^o^.

nearly circular and equable, scarcely

disturbed by any eccentricity hitherto

observed.

That Venus and Mercury are revol

ved about the Sun, is demonstrable from

their Moon -like appearances. When?-10?-

they shine with a full face, they are in

those parts of their orbs which in relpect

of the Earth lie beyond the Sun ; when

they appear half full, they are in those

parts which lie over against the Sun;

when horned, in those parts which lie

between the Earth and the Sun, and

sometimes they pass over the Sun s disc,

when directly interposed between the

Earth and the Sun.

And Venus, with a motion almost

uniform, describes an orb nearly circu

lar and concentric with the Sun.

But Mercury, with a more eccentric

motion, makes remarkable approaches

to the Sun, and goes off again by turns ;

but it is always swifter as it is near to

the Sun, and therefore by a radius drawn



12 OF THE SYSTEM

to the Sun, still describes area's propor

tional to the times.

Lastly, that the Earth describes about

the Sun, or the Sun about the Earth, by a

radius from the one to the other, areas ex

actly proportional to the times, is demon

strable from the apparent diameter of the

Sun compared with its apparent motion.

These are astronomical experiments,

from which it follows, by Trop. i, 2, 3,

in the first Book of our 'Principles,

p. ii j, and their Corollaries, that there are cea-

IH' 11 5' tripetal forces, actually directed (either

accurately or without considerable er-

rour) to the centers of the Earth, of

Jupiter, of Saturn, and of the Sun. In

Mercury, Venus, Mars, and the lesser

planets, where experiments are wanting,

the arguments from analogy must be al

lowed in their place.

fi"»i$. That those forces decrease in the

That those centripe- duplicate proportion of the di-

tal forces decrease in stances from the center of every

iLn^F'thrdfstanœs planet, appears by Cor. 6 .Trop. 4.

from the center of Book i . For the periodic times

every planet. of thc satcnits GfJupiter are, one

p. 10$, to another, in the sesquiplicate propor-

107' tion of their distances from the center

of this planet.

This proportion has been long ago ob

served in those satellite. And Mr. Flam-

fteed,
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steed, who had often measured their

distances from Jupiter by the microme

ter, and by the eclipses of the satellits,

wrote to me, that it holds to all the ac

curacy that poflibly can be discerned by

oifr senses. And he sent me the dimen

sions of their orbits taken by the mi

crometer, and reduced to the mean di

stance of Jupiter from the Earth, or

from the Sun, together with the times

of their revolutions, as follows :

The greatest elonga

tion of the satellits

from the center of

"Jupiter as seen from

the Sun.

/ // //

ift. i 48 or 108

2d. 3 01 or 181

3<i. 4 46 or 286

ttth. 8 \i\ or 493 \

The periodic times of

their revolutions.

d. h.

1 18 j8 36

3 13 17 54

7 03 59 36

16 18 5 13

Whence the sesquiplicate proportion

may be easdy seen. For example, the

16 d 18 h 05' 13 " is to the time id.

18 h 28' 36" as 493 i" XV493 i" to

108 "x\/ 108 neglecting those small

fractions which, in observing cannot be

certainly determined!

Before the invention of the microme

ter, the same distances were determined

in semi-diameters of Jupiter, thus:

Di



-if OF THE SYSTEM

[*]

P. ao8,

Distance of the
3*

-

By Galilao 6 10 16 28

Simon Marius 6 16 16 26

CaJJini
4 8

»3 23 *

Borelli more ?

exactly. 5 sf 8f »4 24f

After the invention of the micrometer.

By Townley

Flamsteed

More accurately 7

by the eclipses5

5»si 8,78 »3,47 24,72

S,3i 8,85 13,98 z4,23

5,578 8,876 '4,i59 24,903

And the periodic times of those sa

tellite, by the observations of Mr. Flam-

steed, are 1 d i8h 28' 36" J 3d 17k 17'

54" I 7d 3h 59' 3 6" I l6d l8h 5' 13"

as above.

And the distances thence computed

are 5,578 | 8,878 | 14,168 | 24,968)

accurately agreeing with the distances by

observation.

CaJJini assures us that the same pro

portion is observed in the circum-satur-

nal planets. But a longer course of ob

servations is required before we can

have a certain and accurate theory of

those planets.

1st
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In the circum-solar planets, Mercury

and Venus, the same proportion holds

with great accuracy, according to the

dimensions of their orbs, as determined

by the observations of the best Astro

nomers.

That Mars is revolved about thc»ii^a.

Sun, is demonstrated from the That the superior

phases Which it shews, and the planets are revolved

proportion of its apparent dia- *SadU»»d£

meters. For from its appear- sun, describe area's

ing full near conjunction with proportional to the

the Sun, and gibbous in its qua

dratures, it is certain that it surrounds

the Sun. [#]

And since its diameter appears about

five times greater, when in opposition

to the Sun, than when in conjunction

therewith, and its distance from the

Earth is reciprocally as its apparent dia

meter, that distance will be about five '

times less, when in opposition to, than

when in conjunction with, the Sun. But

in both cases its distance from the Sun

will be near about the same with the

distance which is inferred from its gib

bous appearance in the quadratures.

And as it encompasses the Sun at almost

equal distances, but in respect of the

Earth is very unequally distant; so by

radii drawn to. the Sun, it describes

area's
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area's nearly uniform ; but by radii drawn

to the Earth, it is sometimes swift, some

times stationary, and sometimes retro

grade;

That Jupiter, in a higher orb than

Mars, is likewise revolved about the

Sun, with a motion nearly equable, as

well in distance as in the area's described,

I infer thus :

Mr. Flamfteed assured me by letters,

that all the eclipses of the innermost sa

tellite, which hitherto have been well

observed, do agree with his theory so

nearly, as never to differ therefrom by

two minutes of time ; that in the out

most, the errour is little greater ; in the

outmost but one, scarcely three times

greater ; that in the innermost but one,,

the difference is indeed much greater,

yet so as to agree as nearly with his

computations, as the Moon does with

the common tables. And that he com

putes those eclipses only from the mean

motions corrected by the equation of

light discovered and introduced by Mr.

Romer. Supposing then that the theory

differs by a less errour than that of 2'

from the motion of the outmost satellite

as hitherto described ; and taking as the

periodic time i6d 1 8 h 5 ' 13" to 2'

in time, so is the whole circle or 3 6o° to

the arc 1' 48"; the errour of Mr. Flam-

steeds
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Jleed's computation reduced to the satel

lite s orbit, will be less than i' 48"; that

is, the longitude of the satellite, as seen

from the center ofJupiter, will be de

termined with a less errour than 1' 48".

But when the satellite is in the middle of

the shadow, that longitude is the same

with the heliocentric longitude of Ju

piter. And therefore the hypothesis

which Mr. Flamjieed follows, viz. the

Copernican, as improved by Kepler, and

(as to the motion of Jupiter) lately

corrected by himself, rightly represents

that longitude within a less errour than

1' 48". But by this longitude, toge-

ther with the geocentric longitude, which

is always easily found, the distance of

Jupiter from the Sun is determined :

Which must therefore be the very same

with that which the hypothesis exhibits.

For that greatest errour of 1' 48" that

can happen in the heliocentric longitude

is almost insensible, and quite to be neg

lected, and perhaps may arise from some

yet undiscovered eccentricity of the sa

tellite. But since both longitude and

distance are rightly determined, it fol

lows of necessity, that Jupiter, by radii

drawn to the Sun, describes area's so

conditioned as the hypothesis requires,

that is, proportional to the times.

C And
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And the same thing may be conclu

ded of Saturn from his satellite by the

observations of Mr. Huygens and Dr.

Halley ; though a longer series of obser

vations is yet wanting to confirm the

thing, and to bring it under a sufficiently

exact computation.

p.m. Fo r if Jupiter was viewed from the

, c , . , Sun, it would never appear re-
That the force which , „ . rr . .

governs the superi- trograde nor stationary, as it is

our Planets is direct- seen sometimes from the Earth,

birthe suns3""1' but always to go forward with

a motion nearly uniform. And

from the very great inequality of its ap

parent geocentric motion, we infer (by

'Prop. 3 . Cor. 4.) that the force by which

Jupiter is turiied out of a rectilinear

course, and made to revolve in an orb,

is not directed to the center of theEarth.

And the same argument holds good in

Mars and in Saturn. Another center

of these forces is therefore to be looked

for (by Prop, 2 and 3, and the Corolla

ries of the latter) about which the area's

described by radii intervening, may be

equable. And that this is the Sun, we

have proved already in Mars and Saturn

nearly, but accurately enough in Jupiter.

[%] It may be alledged that the Sun and

Planets are impelled by some other force,

equally and in the direction of parallel

lines.
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lines. But by such a force (by Cor. 6.

of the Laws of Motion) no change would

happen in the situation of the Planets

one to another, nor any sensible effect

follow; but our business is with the

causes of sensible effects. Let us there

fore neglect every such force as imagi

nary and precarious, and of no use in

the phænomena of the heavens ; and the

whole remaining force by whichjupiter

is impelled, will be directed (by Trap. 3 .

Cor. 1.) to the center of the Sun.

The distances of the Planets from the

Sun come out the same, whe- That the c;rcum_

ther, with Tycho, we place the solar force through-

Earth in the center of the fy- out all th« regions of

n 10 • 1 *'the Planets decreai-

stem, or the Sun with Coper- «h in the duplicate

nicus: and we have already proportion of ^thedi-

proved that these distances are ances l0mtaeSun'

true in Jupiter.

Kepler and Bullialdus have, with great p- IIO*

care, "determined the distances of the

Planets from the Sun. And hence it

is that their tables agree best with the

heavens. And in all the Planets, in

Jupiter and Mars, in Saturn and the

Earth, as well as inVenus and Mercury, the

cubes of their distances are as the squares

of their periodic times; and therefore

( by Cor. 6. Trop. 4. ) the centripetal

C 2 circum-
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circum-solar force, throughout all the

planetary regions, decreases in the du

plicate proportion of the distances from

the Sun. In examining this proportion,

we are to use the mean distances, or the

transverse semi-axes of the orbits (by

Trop. 15.) and to neglect those little

fractions, which, in defining the orbits,

may have arose from the insensible er-

rours of observation, or may be ascribed

to other causes, which we shall after

wards explain. And thus we shall al

ways find the said proportion to hold

exactly. For the distances of Saturn,

Jupiter, Mars, the Earth, Venus and

Mercury from the Sun, drawn from the

observations of Astronomers, are, ac

cording to the computation of Kepler,

as the numbers 951000,519650,152350,

100000,72400,38806; by the compu

tation of Bullialdus, as the numbers,

954198,522520,1 52 3tf 0,100000,72398,

38585 ; and from the periodic' times

they come out 953806,520116,152399,

100000,72333,38710. Their distances,

according to Kepler and Bullialdus,

scarcely differ by any sensible quantity,

and where they differ most the distances

drawn from the periodic times fall in

[#] between them.

That
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T ha t the circum-terrestrial force like

wise decreases in the duplicate

• j-n\ That the circum-ter-

proportion of the distances, restrial force decrea.

thus I infer. in the duplicate

The mean distance of the KSlS

Moon from the center of the proved in the hypo-

Earth, is in semi-diameters of f'J5 °fr*e Earth's

the Earth, according to Tto- re "

lomy, Kepler in his Ephemerides, Bu£p-lli>

lialdus, Hevelius and Ricciolus 59 ; ac-*|g' *'7'

cording to Flamfteed 59 j, according to

Tycho 5 6±, to Vendelin 60, to Coperni

cus 60i, to Kircher 62%.

But Tjy^o and all that follow his ta

bles of refraction, making the refracti

ons of the Sun and Moon (altogether

against the nature of light) to exceed

those of the fixed Stars, and that by a-

bout four or five minutes in the hori

zon, did thereby augment the horizon

tal parallax of the Moon, by about the

like number of minutes ; that is, by about

the 1 2th or 15th part of the whole pa

rallax. Correct this errour, and the di

stance will become 60 or 61 semi-diame

ters of the Earth, nearly agreeing with

what others have determined.

Let us then aflume the mean distance

of the Moon, 60 semi-diameters of the

Earth, and its periodic time in respect

of the fixed Stars, 27 d 7h 43', as

Astronomers have determined it. And

C 3 (by
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(by Cor. 6. Trap. 4-) a body revolved in

our air, near the surface of theEarth sup

posed at rest, by means of a centripetal

force, which should be, to the same force

at the distance of the Moon, in the reci

procal duplicate proportion of the di

stances from the center of the Earth, that

is, as 3600 to 1, would (secluding the

resistance of the air) compleat a revolu

tion in ih 24' 27".

Suppose the circumference of the

Earth to be 123249600 'Paris feet, as

vid,}.no. has been determined by the late mensu

ration of the French ; then the same bo

dy, deprived of its circular motion, and

falling by the impulse of the same cen

tripetal force as before, would, in one

second of time, describe 15 & 'Paris

feet.

This we inser by a calculus formed up

on Prop. 36, and it agrees with what we

observe in all bodies about the Earth.

For by the experiments of pendulums,

and a computation raised thereon, Mr.

Huygens has demonstrated that bodies

falling by all that centripetal force, with

which (of whatever nature it is) they are

impelled near the surface of the Earth,

do, in one second of time, describe

1 5 h Paris feet.

But
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But if the Earth is supposed to move,

the Earth and Moon together The same proved in

(by Cor. 4. of the Laws of Mo- *he hypothesis of the

tioth and <Prop. 57-) will be Earth's motlQn'

revolved about their common center of

gravity. And the Moon (by 'Prop. 60.)

will in the same periodic time, 27 d 7 h

43', with the same circum-terrestrial

force, diminished in the duplicate pro

portion of the distance, describe an or

bit, whose semi-diameter is to the semi-

diameter of the former orbit, that is, to

60 semi-diameters of the Earth, as the

sum of both the bodies of the Earth and

Moon to the first of two mean proporti

onals between this sum and the body of

the Earth; that is, if we suppose the

Moon (on account of its mean apparent

diameter 31*') to be about of the

Earth, as 43 to y/ 42 -}- 43s j or as about

128 to 127. And therefore the semi-

diameter of the orbit, that is, the di

stance between the centers of the Moon

and Earth, will in this case be 60 i semi-

diameters of the Earth, almost the same

with that assigned by Copernicus, which

the Tychonic observations by no means

disprove. And therefore the duplicate

proportion of the decrement of the force

holds good in this distance. I have neg

lected the increment of the orbit, which

arises from the action of the Sun, as in-

C 4 conside-
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considerable. But if that is subducted

the true distance will remain, about 60 *

[#] semidiameters of the Earth.

p- *i4. But further, this proportion of the

The decrement of decrement of the forces is con-

tiie forces in the du- firmed from the eccentricity of

SSaP„Tftmnth°ef the Planets, and the very flow

Earth and planets, motion of their apses. For (by

proved from the «- the Corollaries of Trop. 45 *) in

centncity of the Pla- « -T f . ' .

nets, and the very no other proportion, could the

flow motion of their circum-solar planets, once in

apes' every revolution descend to

their least, and once ascend to their

greatest distance from the Sun, and the

places of those distances remain immo

vable. A small errour from the dupli

cate proportion, would produce a mo

tion of the apses, considerable in every

[#] revolution, but in many enormous.

But now after innumerable revolu

tions, hardly any such motion has been

perceived in the orbs of the circum-so

lar planets. Some Astronomers affirm,

that there is no such motion, others reck

on it no greater than what may easily

arise from the causes hereafter to be as

signed, and is of no moment in the pre

sent question.

p. 114, We may even neglect the motion of

J! J; the Moon's apse, which is far greater

than in the circum-solar planets, amount

ing
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ing in every revolution to three degrees.

And from this motion it is demonstra

ble, that the circum-terrestrial force de

creases in no less than the duplicate,

but far less than the triplicate proportion

of the distance. For if the duplicate

proportion was gradually changed into

the triplicate, the motion of the apse

would thereby increase to infinity 5 and

therefore, by a very small mutation,

would exceed the motion of the Moon's

apse. This flow motion arises from the

action of the circum-solar force, as we

shall afterwards explain. But secluding

this cause, the apse or apogeon of the

Moon will be fixed, and the duplicate

proportion of the decrease of the cir

cum-terrestrial force in different distances

from the Earth, will accurately take

place.

Now that this proportion has been p. 117.

established, we may compare The quantity of

the forces of the several planets the force? tending to-
_ 1 r, ± wards the several pla-

among themselves. nets. The circL-

In the mean distance of Jur solar very great,

piter from the Earth, the greatest elon

gation of the outmost satellite from Ju

piter's center (by the observations of

Mr. Flamsteed) is 8' 1 3". And there

fore the distance of the satellite from the

center of Jupiter, is to the mean distance

of
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of Jupiter from the center of the Sun,

as 124 to 52012, but to the mean di

stance of Venus from the center of the

Sun, as 124 to 72 3 4. And their perio

dic times are i6id and 224I11. And

from hence (according to Cor. 2. Trop.

4.) dividing the distances by the squares

of the times, we infer that the force by

which the satellite is impelled towards

Jupiter, is to the force by which Ve

nus is impelled towards the Sun, as 442

to 143.. And if we diminish the force,

by which the satellite is impelled, in

the duplicate proportion of the distance

1 14 to 7234, we shall have the circum-

jovial force, in the distance of Venus

from the Sun, to the circum-solar force

by which Venus is impelled, as M-a to

143, or as 1 to 1 100. Wherefore at

equal distances, the circum-solar force

is 1 1 00 times greater than the circum-

jovial.

And by the like computation, from

the periodic time of the satellite of Sa

turn 15 d 22h and its greatest elonga

tion from Saturn, while that planet is

in its mean distance from us; 3' 20",

it follows that the distance of this satel

lite from Saturn's center, is to the di

stance of Venus from the Sun, as 92 f to

7234; and from thence that the abso

lute circum-solar force is 2360 times

greater
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greater than the absolute circum-satur-

nial.

From the regularity of the heliocen

tric and irregularity of the geo- The circum-terre-

Centric motions Of Venus, of strial forcevery small.

Jupiter, and the other planets, it is evi

dent (by Cor. 4. 'Prop. 3.) that the cir-

cum-terrestrial force, compared with the

circum-solar, is very small.

Ricciolus and Vendelin have severally

tried to determine the Suns parallax,

from the Moon's dichotomies observed

by the telescope, and they agree that it

does not exceed half a minute.

Kepler, from Tjcho's observations and

his own, found the parallax of Mars

insensible, even in opposition to the Sun,

when that parallax is something greater

than the Sun's.

Flamfteed attempted the same paral

lax with the micrometer in the perigeon

position of Mars, but never found it

above 25"; and thence concluded the

Sun's parallax at most 10".

Whence it follows, that the distance

of the Moon from the Earth bears no

greater proportion to the distance of the

Earth from the Sun, than 29 to 10000 5

nor to the distance of Venus from the

Sun, than 29 to 7233.

From
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From which distances, together with

the periodic times, by the method above

explained it is easy to infer, That the

absolute circum-solar force is greater than

the absolute circum-terrestrial force at

least 229400 times. ,

And though we were only certain,

from the observations of Ricciolus and

Vendelin-, that the Sun's parallax was

less than half a minute, yet from this it

will follow, that the absolute circum

solar force exceeds the absolute circum-

[#] terrestrial force 8500 times.

B y the like Computations I happen-

The apparent dia- ed to discover an analogy that

meters ot' the pia- is observed between the forces

,iets' and the bodies of the Planets.

But before I explain this analogy, the

apparent diameters of the Planets in

their mean distances from the Earth,

must be first determined.

r. 107. Mr. Flamfteed, by the micrometer,

measured the diameter of Jupiter 40" or

4 1 ", the diameter of Saturn s ring 5 o", and

[#] the diameter of the Sun about 32/ 13"-

f. 109. But the diameter of Saturn is to the

diameter of the ring, according to Mr.

Huygens and Dr. Hallej, as 4 to 9 ; ac

cording to Galletius, as 4 to 10; and

according to Hook (by a telescope of 60

feet) as 5 to 12. And from the mean

pro-;
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proportion 5 to 12, the diameter of Sa

turn's body is inferred about 21". f #]

S U c h as we have said are the appa

rent magnitudes. But because The correction of

of the unequal refrangibility of the apparent <Hame-

light, all lucid points are dila- ters-

ted by the telescope, and in the focus of

the object-glass possess a circular space,

n whose breadth is about the 5 oth part of

the aperture of the glass.

It is true, that towards the circumfe

rence, the light is so rare as hardly to

move the sense but towards the middle,

where it is of greater density, and is

sensible enough, it makes a small lucid

circle, whose breadth varies according to

the splendour of the lucid point, but is

generally about the 3 d, or 4th, or 5 th

part of the breadth of the whole.

Let ABD represent the circle of the

whole light, PQ_the small circle of the

denser and clearer light, C the center of

both; CA, CB semi-diameters of the

greater circle containing a right angle

at C ; ACBE the square comprehended

under these semi-diameters, AB the dia

gonal of that square ; EGH an hyper

bola with the center C and asymptotes

CA, CB ; PG a perpendicular erected

from any point P of the line BC, and

meeting the hyperbola in G, and the
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right lines AB, AE in K and F : and

the density of the light in any place P,

will, by my computation, be as the line

FG, and therefore at the center infinite,

but near the circumference very final].

And the whole light within the small

circle PQ^is to the whole without, as

the area of the quadrilateral figure CAKP

to the triangle PKB. And we are to

understand the small circle PQ^ to be

there terminated, where FG, the density

of the light, begins to be less than what

is required to move the sense.

Hence it was that at the distance of

1 9 1 3 82 feet, a fire of 3 feet in diameter,

through a telescope of 3 feet, appeared

to Mr. Ticart of 8" in breadth, when it

mould have appeared only of 3" 14'".

And hence it is that the brighter fixed

Stars appear through the telescope, as

of 5" or 6" in diameter, and that with a

good full light ; but with a fainter light

they appear to -run out to a greater

breadth. Hence likewise it was that

Hevelius, by diminishing the aperture of

the telescope, did cut off a great part of

the light towards the circumference, and

brought the disc of the Star to be more

distinctly defined, which though hereby

diminished, did yet appear as of 5" or

6" in diameter. But Mr. Huygens, only

by clouding the eye-glass with a little

finoak,
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smoak, did so effectually extinguish this

scattered light, that the fixed Stars ap

peared as meer points, void of all sensi

ble breadth. Hence also it was that

Mr. Huygens, from the breadth of bo

dies interposed to intercept the whole

light of the Planets, reckoned their dia

meters greater than others have measu

red them by the micrometer. For the

scattered light, which could not be seen

before for the stronger light of the Pla

net, when the Planet is hid, appears

every way further spread. Lastly, from

hence it is that the Planets appear so

small in the disc of the Sun, being les

sened by the dilated light. For to He-

velius, Galletius, and Dr. Halley, Mer

cury did not seem to exceed iz" or 15".

And Venus appeared to Mr. Crabtrie

only i' 3", xoHorrox but 1' 12", though

by the mensurations of Hevelius and

Hugenius, without the Sun's disc, it

ought to have been seen at least 1' 24".

Thus the apparent diameter of the

Moon, which in 1684, a few days both

before and after the Sun's eclipse, was

measured at the observatory of 'Paris

31' 30"; in the eclipse it self did not

seem to exceed 30' or 30' 05". And

therefore the diameters of the Planets

are to be diminished, when without the

Sun, and to be augmented -when within

1 it



32 OF THE SYSTEM

it by some seconds. But the errours

seem to be less than usual in the mensu

rations that are made by the microme

ter. So from the diameter of the sha

dow, determined by the eclipses of the

satellites, Mr. Flamjieed found that the

semi-diameter of Jupiter, was to the

greatest elongation of the outmost satel

lite as i to 24,903. Wherefore since that

elongation is 8' 13", the diameter of Ju

piter will be 394"; and rejecting the

scattered light, the diameter, found by

the micrometer 40".or 41", will be re

duced to 3 94". And the diameter of Sa

turn 21", is to be diminished by the

like correction, and to be reckoned 20"

or something less. But (if I am not

mistaken ) the diameter of the Sun, be

cause of its stronger light, is to be dimi

nished something more, and to be reck

oned about 3 2' or 3 2' 6".

#>. 119. That bodies so different in magni-

why the density is tude ^vld come so near to art

greater in some ofthe analogy with their forces, is.

Planets, and less in nQt wimout some mystery,

others; but the for- ' '

ces in all are as their It may be that the remoter

quantities of matter, planets, for want of heat, have

not those metallic substances and pon

derous minerals with which our Earth

abounds ; and that the bodies of Venus

and Mercury, as they are more exposed

to
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to the Sun's heat, are also harder baked

and more compact.

For from the experiment of the burn

ing-glass, we see that the heat increases

with the density of light. And this

density increases in the reciprocal du

plicate proportion of the distance from

the Sun. From whence the Sun's heat

in Mercury is proved to be seven-fold

its heat in our summer seasons. But

With this heat our water boils; and

those heavy fluids, quicksilver and the

spirit of vitriol, gently evaporate, as I

have tried by the thermometer. And

therefore there can be no fluids in Mer

cury, but what are heavy, and able to

bear a great heat, and from which sub

stances of great density may be nourished.

And why not I if God has placed

different bodies at different distances

from the Sun, so as the denser bodies

always possess the nearer places, and

each body enjoys a degree of heat suitable

to its condition, and proper for its nou

rishment. From this consideration it will

best appear that the weights of all the

Planets are one to another as their forces.

But I should be glad the diameters

of the Planets were more accurately

measured. And that may be done, if a

lamp, set at a great distance, is made to

shine through a circular hole, and both

D the



34 OF THE SYSTEM

the hole and the light of the lamp are

so diminished that the spectrum may ap

pear through the telescope just like the

Planet, and may be defined by the same

measure: Then the diameter of the hole

will be to its distance from the objective

glass, as the true diameter of the Planet

to its distance from us. The light of the

lamp may be diminished by the interpo

sition either of pieces, of cloth, or of

smoaked glass.

P. HI, O f kin to the analogy we have been

2«, us- describing, there is another observed be-

Another annlo tWeen me f°rces astd the bodies

betweTnetheanforc8eys attracted. Since the action of

and t,odies,proved in the centripetal force upon the

the celestial bodies. plan£ts decreascs in me duplj.

cate proportion of the distance, and the

periodic time increases in the sesquipli-

cate thereof, it is evident that the actions

of the centripetal force, and therefore

the periodic times, would be equal in

equal Planets, at equal distances from

the Sun ; and in equal distances of une

qual Planets, the total actions of the cen

tripetal force would be as the bodies of

the Planets. For if the actions were

not proportional to the bodies to be

moved, they could not equally retract

these bodies from the tangents of their

orbs,' in equal times : Nor could the

2 motions
o
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motions of the satellites of Jupiter be so

regular, if it was not that the circum

solar force was equally exerted upon Ju

piter and all its satellites in proportion of

their several weights. And the same

thing is to be said of Saturn in respect

of its satellite, and of our Earth in re

spect of the Moon, as appears from Cor.

2, and 3. 'Prop. 65. And therefore at

equal distances, the actions of the cen

tripetal force is equal upon all the Pla

nets, in proportion of their bodies, or

of the quantities of matter in their se

veral bodies : and for the same reason

must be the same upon all the particles

of the same size, of which the planet is

composed. For if the action was greater,

upon some sort of particles than upon

others, than in proportion to their quan

tity of matter, it would be also greater

or left, upon the whole Planets, not in

proportion of the quantity only, but

likewise of the sort of the matter more

copioufly found in one, and more spa

ringly in another. s# 1

I n such bodies as are found on our p- «o,

Earth of very different sorts, I examin-"1*

ed this analogy with great ac- proved in terrestrial

CUracy. bodies.

If the action of the circumterrestrial

force is proportional to the bodies to be

D 2 moved,
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moved, it will (by the second Law of

Motion) move them with equal velocity

in equal times, and will make all bodies .

let fall to descend through equal spaces

in equal times ; and all bodies hung by

equal threads, to vibrate in equal times.

If the action of the force was greater, the

times would be less. If that was less,

these would be greater.

But it has been long ago observed by

others, that (allowance being made for

the small resistance of the Air) all bodies

descend through equal spaces in equal

times. And, by the help of pendulums,

that equality of times may be distinguish

ed to great exactness.

I tried the thing in gold, silver, lead,

glass, sand, common salt, wood, water

and wheat. I provided two equal wood

en boxes. I filled the one with wood,

and suspended an equal weight of gold

(as exactly as I could) in the center of

oscillation of the other. The boxes,

hung by equal threads of 1 1 feet, made

a couple of pendulums perfectly equal in

weight and figure, and equally exposed

to the resistance of the air : And placing

the one by the other, I observed them to

play together, forwards and backwards,

for a long while, with equal vibrations.

And therefore (by Cor. i and 6. 'Prop. 24.

Book II) the quantity of matter in the

gold
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gold was to the quantity of matter in the

wood, as the action of the motive force

upon all the gold, to the action ofthe same

upon all the wood, that is, as the weight

of the one to the weight of the other.

And by these experiments, in bodies

of the same weight, I could have dis

covered a difference ofmatter, less than

the thousandth part of the whole. .

Since the action of the centripe

tal force upon the bodies at- The affinity of those

tracted, is, at equal distances, anal°gies-

proportional to the quantities of mat

ter in those bodies, reason requires that it

mould be also proportional to the quan

tity of matter in the body attracting.

For all action is mutual, and (by the p, 2.0, 37.

third Law of Motion) makes the bodies Vo ' l'

mutually to approach one to the other,

and therefore must be the same in both

bodies. It is true that we may consider one

body as attracting, another as attracted :

But this distinction is more mathematical

than natural. The attraction is really

common of either to other, and there- '

fore of the same kind in both. C#]

And hence it is that the attractive

force is found in both. The Sun . . ...
,_. , , . And coincidence.

attracts Jupiter and the other

Planets. Jupiter attracts its satellites.

D 3 "And
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And for the same reason, the satellites

act: as well one upon another as uponJu

piter, and all the Planets mutually one

upon another.

And though the mutual actions oftwo

Planets may be distinguished and consi

dered as two, by .which each attracts the

other ; yet as those actions are interme

diate, they do not make two, but one

operation between two terms. Two bo

dies may be mutually attracted, each

to the other, by the contraction of a

cord interposed. There is a double

cause of action, to wit, the disposition

of both bodies, as well as a double acti

on in so far as the action is considered as

upon two bodies : But as betwixt two

bodies it is but one single one. It is

not one action by which the Sun attracts

Jupiter, and another by which Jupiter

attracts the Sun : But it is one action

by which the Sun and Jupiter mutually

endeavour to approach each the other.

By the' action with which the Sun at

tracts Jupiter, Jupiter and the Sun en

deavour to come nearer together ( by

the third Law of Motion) and by the'

action, with which Jupiter attracts the

Sun, likewise Jupiter and the Sun en

deavour to come nearer together : But

the Sun is not attracted towards Jupiter

by a. two-fold action, nor Jupiter by
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a two-fold action towards the Sun : but

it is one single intermediate action, by

which both approach nearer together.

Thus iron draws the load-stone, as^-3?' r*1;

well as the load-stone draws the iron :

For all iron in the neighbourhood of the

load-stone draws other iron. But the

action betwixt the load-stone and iron

is single, and is considered as single by

the philosophers. The action of iron

upon the load-stone is indeed the action

of the load-stone betwixt itself and the

iron, by which both endeavour to come

nearer together; and so it manifestly

appears : For if you remove the load

stone, the whole force of the iron almost

ceases. [ # ]

In this sense it is that we are to con

ceive one single action to be exerted be

twixt two Planets, arising from the con

spiring natures of both. And this action

standing in the same relation to both,

if it is proportional to the quantity of

mattter in the one, it will be also pro

portional to the quantity ofmatter in the

other.

Perhaps It may be objected, that /,. 116.

according to this philosophy That the forces of

all bodies should mutually at- f"™11 bodies are in-

tract one another, contrary to 011 1 e*

the evidence of experiments in terre-

- D 4 strial

/
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strial bodies. But I answer, that the

experiments in terrestrial bodies come to

no account. For the attraction of ho->

mogeneous spheres near their surfaces,

are (by 'Prop. 72) as their diameters.

Whence a sphere of one foot in diame

ter, and of a like nature to the Earth,

would attract a small body placed near its

surface with a force 20000000 times less,

than the Earth would do if placed near

its surface. But so small, a sorce could

produce no sensible effect. If two such

. spheres were distant but by \ of an inch,

they would not even in spaces void of

resistance, come together by the force of

their mutual attraction in less than a

months time. And less spheres wilj.

come together at a rate yet flower, viz.

in the proportion of their diameters.

Nay, whole mountains will not be suffici

ent to produce any sensible effect, A

mountainofan hemispherical figure, three

miles high, and six broad, will not, by its

attraction, draw the pendulum 2 minutes

out of the true perpendicular : And it is

only in the great bodies of the Planets

that these forces are to be perceived, un

less we may reason about smaller bodies

[#] in manner following. .



 

Let ABCD represent the globe of yd,7{

the Earth, cut, by any plane which notwith'stand-

AC, into tWO parts ACB, «ng. there are forces

and ACD. The part ACB ^""S*

bearing upon the part ACD proportional to their

presses it with its whole weight : quant!ti« ofmatter.

Nor can the part ACD sustain this

pressure and continue unmoved, if it is

not opposed by an equal contrary pres

sure. And . therefore the parts equally

press each other by their weights, that

is, • equally attract each other, according

to the thirdLaw of Motion ; and if se

parated and let go, would fall towards

each other with velocities reciprocally

as the bodies. All which we may try

and see in the load-stone, whose attract-
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ed part does not propel the part attract

ing, but is only stopped and sustained

thereby.

Suppose now that ACB represents some

small body on the Earth's surface ; then

because the mutual attractions of this

particle and of the remaining part ACD

of the Earth towards each other, are

equal; but the attraction of the particle

towards the Earth (or its weight) is as

the matter of the particle (as we have

proved by theexperiment of the pendu

lums) the attraction of the Earth to

wards the particle, will likewise be as

the matter of the particle. And there

fore the attractive forces of all terrestrial

bodies" will be as their several quantities

of matter.

p. «3. The forces, which areas the matter

proved thatthe seme m terrestrial bodies of all forms,

forces tend towards and therefore are not mutable

the celestial bodies. w[t[y fac forms, must be found

in all sorts of bodies whatsoever, celestial

as well as terrestrial, and be in all pro

portional to their quantities of matter,

because among all there is no difference of

substance, but of modes and forms on-

[ ^j ly. But in the celestial bodies, the same

thing is likewise proved thus. We have

shewed, that the action of the circum

solar force upon all the Planets (redu

ced
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cedto equal distances) is as the matter of

the Planets ; That the action of the cir-

cumjovial force upon the satellites of Ju

piter observes the same law ; and the

same thing is to be said of the attraction

of all the Planets towards every Planet :

But thence it follows (by Trop. 69) that

their attractive forces are as their several

quantities of matter.

A s the parts of the Earth mutually at

tract one another, Ib do those That from the sur-

of all thePlanets. If Jupiter and faces of the Planets,

* r ... 1 ~ reckoning outward,
its satellites were brought toge- their foffes decreas;

ther, andformed into one globe, in the duplicate } but.

Without doubt they would con- "ckpningiaward, io

. . J the simple proportion

tinue mutually to attract one of the distances from

another as before. And on the d*fr«at«s.

other hand, if the body of Jupiter was

broke into more globes, to be sure, these

wouldno less attract one another than they

do the satellites now. From these attra

ctions it is that the bodies of the Earth,

and all the Planets affect a spherical figure,

and that their parts cohere, and are not

dispersedthrough theÆther. Butwe have

before proved that these forces arise from

the universal nature of matter, and that p. ixc*

therefore the force of any whole globe is

made up of the several forces of all its

parts. 'And from thence it follows ( by

Cor. 3 . Trop. 74) that the force of every

par-
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particle decreases in the duplicate pro

portion of the distance from that parti

cle ; and (by 'Prop. 73 and 75 ) that the

force of an entire globe, reckoning from

*'9, the surface outwards, decreases in the

i29' duplicate, but reckoning inwards, in the

simple proportion of the distances, from

the centers, if the matter of the globe

be uniform. And though the matter of

p. the globe, reckoning from the center to-

"z* wards the surface, is not uniform, yet

the decrease in the duplicate proportion

of the distance outward's would ( by

'Prop. 76) take place, provided that dif-

formity is similar in places round about at

equal distances from the center. And

two such globes will ( by the same Pro

position) attract one the other with a

force decreasing in the duplicate pro

portion of the distance between their

[# centers.

Wherefore the absolute force of

The quantities of eveIT §l°be is SS the quantity

the forces and of the of matter which the globe con-

sever°al cases "S " *" tainS : But the motive force bY

which every globe is attracted

towards another, and which, in terre

strial bodies, we commonly call their

weight, is as the content under the quan

tities of matter in both globes applied

to the square of the distance between

c their
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their centers (by Cor. 4. Trop. 76.) to

which force the quantity of motion, by

which each globe in a given time will be

carried towards the other, is proporti

onal. And the accelerative force, by

which every globe according to its quan

tity of matter is attracted towards ano

ther, is as the quantity of matter in that

other globe applied to the square of the

distance between the centers of the two

(by Cor. 2. Trop. 76.) to which force/

the velocity, by which the attracted globe

will, in a given time, be oarried towards

the other, is proportional. And from

these principles well understood, it will

be now easy to determine the motions of

the celestial bodies among themselves.

From comparing the forces of the

Planets one with another, we That all the Planets

have above seen that the cir- revolve about the Sun.

cumsolar does more than a thousand

times exceed all the rest. But by the

action of a force so great, it is unavoid

able but that all bodies within, nay and

far beyond, the bounds of the planetary

system, must descend directly to the Sun,

unless by other motions they are im

pelled towards other parts : Nor is our

Earth to be excluded from the number

of such bodies. For certainly the Moon

is a body of the fame nature with the

Planets,
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Planets, and subject to the same attracti

ons with the other Planets, seeing it is

by the circumterrestrial force that it is

retained in its orbit. But that the Earth

and Moon are equally attracted towards

the Sun, we have above proved : We

have likewise before proved, that all bo

dies are subject to the said common laws

of attraction. Nay, supposing any of

those bodies to be deprived of its circular

motion about the Sun, by having its di

stance from the Sun we may find (by

'Prop. 3 6) in what space oftime it would,

in its descent, arrive at the Sun ; to wit,

in half that periodic time in which the

body might be revolved at one half of

its former distance •.> or, in a space of

time that is to the periodic time of the

planet as i to 4V2. As that Venus in

its descent would arrive at the Sun in

the space of 40 days, Jupiter in the space

of two years and one month ; and the

Earth and Moon together in the space

of 66 days and 1 9 hours. But since no

such thing happens, it must needs be

that those bodies are movedtowards other

P. j. vol. parts. Nor is every motion sufficient

for this purpose. To hinder such a de

scent, a due proportion of velocity is

required. And hence depends the force

of the argument drawn from the retar

dation of the motions of the Planets.

Unless
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Unless the circumsolar force decreased

in the duplicate ratio of their increasing

slowness, the excess thereof would force

those bodies to descend to the Sun. For

instance, if the motion {cæteris part-

bus) was retarded by one half, the pla

net would be retained in its orb by one

fourth of the former circumsolar force,

and by the excess of the other three

fourths would deseend to the Sun. And f #J

therefore the Planets (Saturn, Jupiter,

Mars, Venus, and Mercury) are not re

ally retarded in their perigees, nor be

come really stationary, or regressive with

.flow motions. All these are but appa

rent, and the absolute motions, by which

the Planets continue to revolve in their

orbits, are always direct and nearly equa

ble. But that such'motions are perform

ed about the Sun, we have already pro

ved ; and therefore the Sun, as the cen

ter of die absolute motions, is quies

cent. For we can by no means allow

quiescence to the Earth, lest the Planets

in their perigees should indeed be truly

retarded, and become truly stationary and

regressive, and so for want of motion

should descend to the Sun. But further,

and the rest) by radii drawn to the Sun

describe regular orbits, and area's (as

we haveshewed) nearly and to sense pro-

since the Planets

 

portional
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portional to the times, it follows ( by

'Prop. 3-, and Cor. 3, Trop. 65 ) that

the Sun is moved with no notable force,

unless perhaps with such as all the Pla

nets are equally moved with, according

to their several quantities of matter, in

parallel lines, and so the whole system

is transferred in right lines. Reject that

tranflation of the whole system, and the

Sun will be almost quiescent in the cen

ter thereof. If the Sun was revolved

about the Earth, and carried the other

Planets round about itself, the Earth

ought to attract the Sun with a great

force, but the circumsolar Planets with

no force producing any sensible effect,

which is contrary to 'Prop. 3, Cor. 65.

Add to this, that if hitherto the Earth,

because of the gravitation of its parts,

has been placed by most authors in the

lowermost region of the Universe ; now

for better reason, the Sun possessed of a

centripetal force exceeding our terrestrial

gravitation a thousand times and more,

ought to be depressed into the lower

most place, and to be held for the center

of the system. And thus the true dis

position of the whole system will be

more fully and more exactly understood.

Because
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Because the fixed Stars are quies- p-

cent one in respect of another, we may Z33*

consider the Sun, Earth, and Pla- . xhat the common

nets as one system of bodies center of gravity of

carried hither and thither by *Ji™ y^e"Is 3™"

' elcent. That the Sun
various motions among them- is agitated with a ve-

selves ; and the common center 7 %w I10;10"- Thi*

^ . r ,, /. y-, c motion defined.
of gravity of all (by Lor. 4. of

the Laws ofmotion) will either be quies

cent, or move uniformly forward in a right

line : In which case the whole system

will likewise move uniformly forward

in right lines. But this is an hypothe

sis hardly to be admitted. And there

fore setting it aside, that common cen

ter will be quiescent : And from it the

Sun is never far removed. The com

mon center of gravity of the Sun and

Jupiter falls on the surface of the Sun.

And though all the Planets were placed

towards the same parts from the Sun

with Jupiter, the common center of

the Sun- and all of them would scarce

ly recede twice as far from the Sun's cen

ter. And therefore though the Sun, ac

cording to the various situation of the

Planets, is varioufly agitated and always

wandering to and fro with a flow moti

on of libration, yet it never recedes one

entire diameter of its own body from

the quiescent center of the whole sy

stem. But from the weights of the Sun

E and
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and Planets above determined, and the

1 situation of all among themselves, their

common center of gravity may be found,

and this being given, the Suns place to

any supposed time may be obtained.

234 About the Sun thus librated the

That the Planets other Planets are revolved in

nevertheless are re- elliptic orbits, and, by radii

;-!^cireKÆ drawn to the Sun, describe a-

Sun ; and by radii rea's nearly proportional to the

drawn to the Sun de- times as js explaimcd in Trop.

portionai to the 6$. If the Sun was quiescent,

and the other Planets did not

act mutually one upon another, their

orbits would be elliptic, and the area's

exactly proportional to the times, (by

Trop. 1 1 , and Cor. i . Trop. 13.) But

the actions of the Planets among them

selves, compared with the actions of the

Sun on the Planets, are of no mo

ment, and produce- no sensible errours.

And those errours are less in revoluti

ons about the Sun agitated in the man

ner but now described, than if those re

volutions were made about the Sun qui

escent (by Trop. 66, and Cor. Trop. 68)

especially if the focus of every orbit is

placed in the common center of gravi

ty of all the lower included Planets ;

*viz. the focus of the orbit of Mercury,

in the center of the Sun ; the focus of

the>
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the orbit of Venus, in the common cen

ter of gravity of Mercury and the Sun ;

the focus of the orbit of the Earth, in

the common center of gravity of Ve

nus, Mercury and the Sun ; and so of

the rest. And by this means the foci

of the orbits of all the Planets except

Saturn, will not be sensibly removed

from the center of the Sun, nor will

the focus of the orbit of Saturn recede

sensibly from the common center of

gravity of Jupiter and the Sun. And

therefore astronomers are not far from

the truth, when they reckon the Sun's

center the common focus of all the pla

netary orbits. In Saturn it self, the er-

rour thence arising does not exceed 1'.

45". And if its orbit, .by placing the

focus thereof in the common center of

gravity of Jupiter and the Sun shall hap

pen to agree better with the phænome-

na, from thence all that we have said

'•will be farther confirmed. [ ^ ]

If the Sun was quiescent and the

Planets did not act one on an- _c . .. r
Of the dimensions

other, the aphelions and nodes of the orbits, and of

of their orbits would likewise *« motions of their

/« <-r> 1 m aphelions and nodes.
(by Trop. 1 . 1 1 , and Cor. Trop. v

1 3 ) be quiescent. And the longer ax

es of their elliptic orbitswould (by cProp.

I j ) be as the cubic roots of the squares

E a of
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of their periodic times : And therefore

from the given periodic times would be

also given. But those times are to be

measured not from the equinoctial points,

which are moveable, but from the first

Star of Aries. Put the semi-axe of the

Earth's orbit iooooo, and the semi-axes

of the orbits of Saturn, Jupiter, Mars,

Venus and Mercury, from their periodic

times will come out 953806,520116,

152399,72333,38710 respectively. But

from the Sun's motion every semi-axe is

encreascd ( by Trop. 60) by about one

third of the distance of the Sun s center

from the common center of gravity of

P-i&t t the Sun and Planet. And from the acti-

*J7' ons of the exterior Planets on the inte-

riour, the periodic times of the interi-

our are something protracted, though

scarcely by any sensible quantity; and

their aphelions are transferred (by Cor.

6 and 7. Trop. 66) by very flow mo-

[ #c ] tibns in consequentia. And on the like

account the periodic times of all, espe

cially of the exteriour Planets, will be

prolonged by the actions of the comets,

if any such there are, without the orb

of Saturn, and the aphelions of all will

be thereby carried forwards in conse

quentia. But from the progress of the

aphelions, the regress of the nodes fol

lows (fry Cor. 11, 13. Trop. 66.) And
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if the plain of the Ecliptic is quiescent,

the regress of the nodes (by Cor. 16.

'Prop. 66) will be to the progress ofthe

aphelion in every orbit, as the regress of

the nodes of the Moon's orbit to the

progress of its apogæon nearly, that is,

as about 10 to 21. But astronomical

observations seem to confirm a very flow

progress of the aphelions, and a regress

of the nodes in respect of the fixed Stars.

And hence it is probable that there are

comets in the regions beyond the Pla

nets, which revolving in very eccentric

orbs, quickly fly through their periheli

on parts, and by an exceeding flow mo

tion in their aphelions, spend almost

their whole time in the regions beyond

the Planets ; as we shall afterwards ex

plain more at large.

The Planets thus revolved about

the Sun , may at the same 153,»5*.

time carry others revolving a- All the motions of

bout themselves as Satellites or "S

Moons, as appears by 'Prop. 66. served by astrono-

But from the action of the Sun, mers; deriyed fl'orn

xx n • t_ the foregoing pnn-

our Moon must move with cipie&.

greater velocity, and, by a radi

us drawn to the' Earth, describe an area

greater for the time ; it must have its or

bit less curve, and therefore approach

nearer to the Earth, in the syzygies than

E 3 in
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in the quadratures, except in so far as

the motion of eccentricity hinders'those

effects. For the eccentricity is greatest

when the Moon's apogæon is in the sy

zygies, and least when the same is in the

quadratures ; and hence it is that the peri-

geon-Moon is swifter and nearer to us,

but the apogæon-Moon flower and far

ther from us, in the syzygiesthan in the

quadratures. But further, the apogæon

has a progressive, and the nodes a regres

sive motion, both unequable. For the

apogæon is more swiftly progressive in

its syzygies, more flowly regressive in its

quadratures, and by the excess of its pro

gress above its regress is yearly transfer

red in consequentia : but the nodes are

quiescent in their syzygies, and most

swiftly regressive in their quadratures.

But further still, the greatest latitude of

the Moon is greater in its quadratures than

in its syzygies ; and the mean motion

swifter in the aphelion of the Earth than

in its perihelion. More inequalities in

the Moon's motionhave not hitherto been

taken notice of by astronomers : But

] all these follow from our principles in

Cor. 2, 3, 4, 5, 6, 7, 8, 9,1 io, II, 13.

'Prop. 66. and are known really to exist

in the heavens. And this may be seen

in that most ingenious, and, if I mistake

not, of all the most accurate, hypothe
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sis of Mr. Horrox, which Mr. Flamjieed

has fitted to the heavens. But the astro

nomical hypotheses are to be correct

ed in the motion of the nodes. For

the nodes admit the greatest equation

or prosthaphæresis in their octants, and

this inequality is most conspicuous,

when the Moon is in the nodes, and

therefore also in the octants, and hence it

was that Tycho, and others after him,

referred this inequality to the octants

of the Moon, and made it menstrual.

But the reasons by us adduced prove

that it ought to be referred to the

octants of the nodes, and to be made

annual.

Beside those inequalities taken no- ** j.

tice of by astronomers, there are yet1" °302"

some others, by which the Asa,sosomeother

Moon's motions are so disturbed, unequable motions

that hitherto by no law could fi^t hitherto have not

, , , , . been observed.

they be reduced to any certain

regulation. For the velocities or horary

motions of the apogee and nodes of the

Moon, and their equations, as we'll as

the difference betwixt the greatest eccen

tricity in the syzygies and die least in the

quadratures, and that inequality which

we call the variation, in the progress of

the year are augmented and diminislied

(by Cor. 14, Trof. 66) in the triplicate

E 4 ratio
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ratio of the Sun s apparent diameter.

Beside that, the variation is mutable near

ly in the duplicate ratio of the time be

tween the quadratures ( by Cor. i and 2,

Lemm. 10) and Cor. 16, 'Prop. 66.)

And all those inequalities are something

greater in that part of the orbit which

respects the Sun, than in the opposite

part, but by a difference that is scarcely or

not at all perceptible.

p. 167. B Y a computation, which for bre-

And the distance vitieS sake 1 d° n0t describe, I

of the Moon from also find that the area which

tVhentimeht°anySi" the Moon hY a radiuS draW11

to the Earth, describes in the

several equal moments of time, is nearly

as the sum of the number 237 A and ver

sed sine of the double distance of the

Moon from the nearest quadrature in a

circle whose radius is unity ; and there

fore that the square of the Moons di

stance from the Earth, is as that sum di

vided by the horary motion of the Moon.

Thus it is when the variation in the

octants is in its mean quantity. But if

.the variation is greater or less, that ver

sed sine must be augmented or diminish

ed in the same ratio. Let astronomers

try how exactly the distances thus found

will agree with the Moon's apparent di-

[#] ameterg.

From
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From the motions of our Moon we *54-

may derive the motions of the

Moons or Satellites of Jupiter Jfcfift"*

and Saturn. For the mean mo- ter and Saturn, dera

tion Of the- nodes Of the OUt- ved from the motions

r ... c T or ourMoon.

most satellite of Jupiter is to

the mean motion of the nodes of our

Moon in a proportion compounded of

the duplicate proportion of the periodic

time of the Earth about the Sun, to the

periodic time of Jupiter about the Sun,

and the simple proportion of the perio

dic time of the satellite about Jupiter to

the periodic time of our Moon about

the Earth (by Cor. 16, 'Prop. 66.) And

therefore those nodes, in the space of an

hundred years, are carried 8° 24' back

wards, or in antecedentia. The mean

motions of the nodes of the inner satel

lites are to the (mean) motion of (the

nodes of) the outmost as their periodic

times to the periodic time of this, by the

same corollary, and are thence given.

And the motion of the apsis of every sa

tellite in consequentia is to the motion

of its nodes in antecedentia, as the mo

tion of the apogee of our Moon, to the

motion of its nodes ( by the same corol

lary) and is thence given. The greatest

equations of the nodes and line of the

apses of each satellite are to the greatest

equations of the nodes and the line of

the
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the apses of the Moon respectively, as

the motion of the nodes and line of the

apses of the satellites in the time of one

revolution of the first equations, to the

motion of the nodes and apogæon of the

Moon in the time of one revolution of

the last equations. The variation of a

satellite seen from Jupiter is to the vari

ation of our Moon, in the same propor

tion as the whole motions of their nodes

respectively, during the times in which

the satellite and our Moon (after parting

from) are revolved (again) to the Sun

by the same corollary ; and therefore in

the outmost satellite the variation does

not exceed 5" 1 2'". From the small quan

tity of those inequalities, and the flow-

ness of the motions, it happens that the

motions of the satellites are found to be

so regular, that the more modern astro

nomers either deny all motion to the

nodes, or affirm them to be very flowly

[#] regressive.

p. i3s. While the Planets are thus revolved

That the Planets, in in orbits about remote centers,

respect of the fixed in the mean time they make

stars, are revolved their several rotations about their

by equable motions

about their proper proper axes the Sun, in 26

axes And that (per- (W. TUpiter in 9h 56'; Mars,

hips) thole motions . ' * ,T . . .
are the most fit for «i 24 7 h ; Venus, in 23h;and

the equation of time, that in plains nor. much inclined

1 to
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to the plain of the Ecliptic, and accord

ing to the order of the signs, as astrono

mers determine from the spots or maculæ,

that by turns present themselves to our

sight in their bodies. And there is a like

revolution of our Earth performed in

2411. And those motions are neither ac-

celerated nor retarded by the actions of

the centripetal forces, as appears by Cor,

22, Trop. 66. And therefore of all •

others they are the most equable and

most fit for the mensuration of time.

But those revolutions are to be reckoned

equable, not from their return to the

Sun, but to some fixed Star : For as the

position of the Planets to the Sun is une-

quably varied, the revolutions of those

Planets from Sun to Sun are rendered un

equable.

In like manner is the Moon revolved Aid.'

about its axe by a motion most That the Mooa

equable in respect of the fixed Nowise is. revolved

Stars, viz. in27d 7h 43', that

is, in the space of a sydereal that its libration does

month; so that this diurnal mo- thence ansc-

tion is equal to the mean motion of the

Moon in its orbit. Upon which accounr,

the same face of the Moon always re

spects the center about which this mean

motion is performed, that is, the exte-

riour focus of the Moon s orbit nearly.

And
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And hence arises a deflexion of the

Moon's face from the Earth, sometimes

towards the east, and other times' to

wards the west, according to the position

of the focus which it respects ; and this

deflexion is equal to the equation of the

Moons orbit, or to the difference be

twixt its mean and true motions. And

this is the Moon's librationin longitude.

But it is likewise affected with a libration

in latitude arising from the inclination

of the Moon's axe to the plain of the

orbit in which the Moon is revolved

about the Earth. For that axe retains

the same position to the fixed Stars

nearly, and hence the poles present

themselves to our view by turns: As

we may understand from the example

of the motion of the Earth, whose poles,

by reason of the inclination of its axe to

the plain of the Ecliptic, are by turns

illuminated by the Sun. To determine

exactly the position of the Moon's axe to

the fixed Stars, and the variation of this

position, is a problem worthy of an astro

nomer.

B y reason of the diurnal revolutions

of the precession of of the Planets, the matter which

the equinoxes, and tl1Cy contain endeavours to re- .

of the hbratory mo- t r \ r i *
tio nos the axes ofthe cede from theaxes of this moti-

£arth and l'lanets. on ; and hence the fluid parts ri

sing
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sing higher towards the equator than about p- *w

the poles, would lay the solid parts about

the equator under water, if those parts

did not rise also. Upon which account p- *39»

the Planets are something thicker about 24f,

the equator than about the poles, and

their equinoctial points thence become p. 252.

regressive, and their axes by a motion

of nutation, twice in every revolution

librate towards their ecliptics, and twice

return again to their former inclination,

as is explained in Cor. 18, 'Prop. 66.

And hence it is that Jupiter, viewed

through very long telescopes, does not

appear altogether round, but having its p. i44.

diameter that lies parallel to the Ecliptic,

something longer than that which is drawn

from north to south.

And from the diurnal motion and/,.1?5«

the attractions of the Sun and Moon, 16°*

our Sea ought twice to rise and That the sea ought

twice to fall every day, as well ™\ce 10 fl,°,w' and

_. ' J* twice to ebb every

Lunar as Solar (by Lot. 19, day ; that the highest

20, TrOp. 66) and the great- water must fall out. in

nt-tr c l ^ l the third hour after

est height of the water to hap- the apprise of the lu-

pen before the sixth hour Of minaries to the meri-

either day, and after the twelfth <»™ of the place,

hour preceding. By the flowness of

the diurnal motion, the flood is retract

ed to the twelfth hour, and by the force

of the motion of reciprocation it is pro

tracted
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tracted and deferred till a time nearer to

the sixth hour. But till that time is more

certainly determined by the phænome-

na, choosing the. middle between those

extremes, why may we not conjecture

the greatest height of the water to hap

pen at the third hour ? for thus the wa

ter will rise all that time in which the

force of the luminaries to raise it is

greater, and will fall all that time in

which their force is less ; viz. from the

ninth to the third hour when that force is

greater, and from the third to the ninth

when it is less. The hours I reckon from

the appulse of each luminary to the me

ridian of the place, as well under as

above the horizon ; and by the hours of

the lunar day I understand the twenty-

fourth parts of that time which the

Moon spends before it comes about

again by its apparent diurnal motion to

the meridian of the place, which it left

the day before. .

But the two motions which the two

That the greatest luminaries raise will not appear

tides happen in the distinguished, but will make a

syzygiesof theiumi- certain mixt motion. Inthecon-

nanes, the least. in

their quadratures : and that, at the third hour after the appulse ofc

the Moon to the meridian of the place. But that out of the syzy-

gies and quadratures those greatest and least tides deviate a little

from that third hour towards the third hour after the appulse ofthe1

Sun to the meridian.

junction
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junction or opposition of the luminaries,

their forces will be conjoined and bring

on the greatest flood and ebb. In the

quadratures the Sun will raise the wa

ters which the Moon depresseth, and de

press the waters which the Moon rai-

seth, and from the difference of their for

ces, the smallest of all tides will follow.

And because (as experience tells us) the

force of the Moon is greater than that

of the Sun, the greatest height of the

water will happen about the third lunar

hour. Out of the syzygies and qua

dratures the greatest tide, which by the

single force of the Moon ought to fall

out at the third lunar hour, and by the

single force of die Sun at the third so

lar hour, by the compound forces of

both must fall out in an intermediate

time that approaches nearer to the third

hour of the Moon than to that of

the Sun : And therefore while the Moon

is pasting from the syzygies to the qua

dratures, during which time the 3d hour

of the Sun precedes the 3 d of the Moon,

the greatest tide will precede the 3 d lunar

hour ; and that by the greatest interval a

little after the octants of the Moon ; and

by like intervals, the greatest tide will fol

low the 3d lunar hour, while the Moon

is passing from the quadratures to > the

syzygies.

But
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But the effects of the luminaries

That the tides are depend upon their distances

greatest when theiu- from the Earth. For when

minaries are in their they are lesS distant, their ef-

pengees. ^s ^ greater, and when

more distant their effects are less, and

that in the triplicate proportion of their

apparent diameters. Therefore it is that

the Sun in the winter time, being then

in its perigee, has a greater effect, and

makes the tides in the syzygies some

thing greater, and those in the quadra

tures something less, cateris paribus, than

in the summer season ; and every month

the Moon, while in the perigee, raiseth

greater tides than at the distance of 15

days before or after, when it is in its

apogee. Whence it comes to pass that

two highest tides do not follow one the

other, in two immediately succeeding

syzygies.

The effect of either luminary doth

That the tides are likewise depend upon its decli-

greatest about the e- nation or distance from the e-

qmnoxes. quator. For if the luminary

was placed at the pole, it would con

stantly attract all the parts of the wa

ters, without any intension or remission

of its action, and could cause no reci

procation of motion. And therefore as

the luminaries decline from the equa

tor
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tor towards" either pole, they will by de

grees lose their force, and on this account

will excite lesser tides in the solstitial than

in the equinoctial syzygies. But in the

solstitial quadratures, they will raise great

er tides than in the quadratures about

the equinoxes; because the effect of the

Moon, then situated in the equator, most

exceeds the effect of the Sun. There- _

fore the greatest tides fall out in those

syzygies, and the least in those quadra

tures, which happen about the time of

both equinoxes. And the greatest tide in

the syzygies is always succeeded by the

least tide in the quadratures, as we find

by experience. But because the Sun is

less distant from the Earth in winter than

in summer, it comes to pass that the

greatest and least tides more frequently

appear before than after the vernal equi

nox ; and more frequently after, than be

fore the autumnal. .

Moreover, the effects of the lu.

minaries depend upon the lati- _., , ,
r 1 T A T-n That out of the

tUdeS Ot places. Let Aj>tL3 equator the tides are

represent the Earth, on all sides g«**« and less ai-

covered with deep waters ; C its ternate y"

center ; P, p its poles ; A E the equator ;

F any place without the equator ; F f the

parallel of the place ; D d the correfpon- ,

dent parallel on the other side of the

equator; L the place which the Moon

F P°s-
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possessed three hours before; H the place

of the Earth directly under it ; h the op

posite place ; K, k the places at 90 de

grees distance ; CH, C h the greatest

heights of the Sea from the center of the

Earth, and C K, C k, the least heights :

and if with the axes H h, K k, an ellipse

is described, and by the revolution of that

ellipse about its longer axe H h, a spheroid

H P K hp k is formed ; this spheroid will

nearly represent the figure of the Sea ;

and C F, Cf, C D, C d, will represent

the Sea in the places F, f, D, d. But

further, if in the said revolution of the

ellipse any point N describes the circle

N M, cutting the parellels F f, D d in

any places R, T, and the equator A E in

S ; C N will represent the height os the

Sea in all those places, R, S, T, situated

in this circle. Wherefore in the diurnal re

volution
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Volution of any placeF, the greatest flood

Will be in F, at the third Hour after the

appulse ofthe Mdonto the meridianabove

the horizon} and afterwards the greatest:

ebb in O at the third hour after the set

ting of the Moon, and then the greatest

flood in f, at the third after the appulse

of the Moon to the meridian under the

horizon, and lastly the greatest ebb in C^,

at the third hour after the rising of the

Moon ; and the latter flood in f, will be

left than the preceding flood in F. For

the whole Sea is divided into two huge and

hemispherical floods, one in the hemi

sphere KH^C, on the north side, the

other in the opposite hemisphere KHkC,

which we may therefore call the northern

and the southern floods. These floods be

ing always opposite the one to the other,

come by turns to the meridians of all

places after the interval of twelve lunar

hours. And seeing the northern countries

partakemoreofthe northern flood, and the

southern countries moreof the southern

flood, thence arise tides alternately greater

and less in all places without the equator,

in whichtheluminaries rise and set. Butthe

greater tide will happen when the Moon

declines towards the vertex of the place,

about the third hour after the appulse of

the Moon to the meridian above the hori

zon ; and when the Moon changes its de-

F 2 clination,
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clination, that which was the greater tide

will be changed into a lesser, and the

greatest' difference of the floods will fall

out about the times of the solstices, espe

cially if the ascending node of the Moon

is about the first of Aries. So the morn

ing tides in winter exceed those of the

evening, and theeveningtidesexcecd those

ofthe morning in summer ; at Plymouth

by the height of one foot,but at Bristol by

the height of 1 5 inches, according to the

observations of Colepress and Sturmy.

But the motions which we have

That by the confer- teai describing suffer some alte-

vation ofthe impres- ration from that force of reci-

sed motion the dis- ~XOC2xlotl which the waters [ha-

ferenceorthettdesis r. . . ..

diminished : and that ving once received] retain a lit-

hence it may happen tlc while by their vis itlstta.

that the greatest men- vr7L « r *.

strual tile will be the Whence it comes to pass that

third after the fyzy- the tides may continue for some

Sy- time, though the actions of the

luminaries should cease. This power of

retaining the impressed motion lessens the

differfince of the alternate tides, and

makes those tides which immediately suc

ceed after the syzygies greater, and those

which follow next after the quadratures

less. And hence it is that the alternate

tides at 'Plymouth and Bristol, do not

differ much more one from the other,

than by the height of a foot, or of 15

inches*
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inches, and that the greatest tides of all

at those ports are not the first but the third

after the syzygies.

And besides, all the motions are retard

ed in their passage through shallow chan

nels, so that the greatest tides of all in

some streights and mouths of rivers,

are the fourth, or even the fifth after the

syzygies. [*]

I t may also happen that the greatest t

tide may be the fourth or fifth That the mot5ons

after the syzygies, or fall out yet of the sea may be

later, because the motions of *etarded .by impedi-

, L 1 \ • er ments in its channels.

the Sea are retarded in palling

through shallow places towards the shores.

For so the tide arrives at the western

coast of Ireland at the third lunar hour,

and an hour or two .after, at the ports in

the southern coast of the fame ifland, as

also at the iflands Cajsitefides commonly

Sortings; then successively ntFalmouth,

"Plymouth, Tortland, the isle of Wight,

Winchester, D^ver, the mouth of the

Thames, and London-Bridge, spending

twelve hours in this passage. But further

the propagation of the tides may be ob

structed even by the channels of the

ocean itself, when they are not of depth

enough; for the flood happens at the

third lunar hour in the Canary Iflands,

and at all those western coasts that lie

F 3 to- . *
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towards the Atlantic ocean, as of Ire

land, France, Spain, and all Africa to

the cape of Good-hope, except in some

shallow places, where it is impeded, and

falls out later ; and in the streights of

Gibraltar, where by reason of a motion

propagated from the Mediterranean Sea

it flows sooner. But passing from those

coasts over the breadth of the ocean to

the coasts of America, the flood arrives .

first at the most eastern shores of Brafile,

about the fourth or fifth lunar hour, then

at the mouth of the river of the Ama

zons, at the sixth hour, but at the neigh

bouring iflands, at the fourth hour* af

terwards at the iflands of Bermudas at

the seventh hour, and at port St. Au-

gufiin in Florida at seven and a half. And

therefore the tide is propagated through

the ocean with a flower motion than it

should be according to the course of the

Moon ; and this retardation is very ne

cessary, that the Sea at the same time

may fall between Brafile and NewFrance,

and rife at the Canary Iflands, and on the

coasts of Europe and Africa, and vice

versa: For the Sea cannot rise in one

place but by falling in another. And it is

probable that the Tacific Sea is agitated

"by the same laws. For in the coasts of

Chili and Teru, the highest flood is said

fp happen at the third lunar hour. But

with
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with what velocity it is thence propagated

to the eastern coasts of Japan, the Phi

lippine and other iflands adjacent to Chi

na, I have not yet learned.

Farther it may happen, that the p-

tide may be propagatedfrom the That from the im-

ocean through different chan- pediments of chan-

nels towards the same port and £££2^

may pass quicker through some arise, as that the sea

channels than through others, ™*T fld°aw but once

in which case the same tide, di- eVery y'

vided into two or more succeeding one

another, may compound new motions

of different kinds. Let us suppose one

tide to be divided into two equal tides ;

the former whereof precedes the other

by the space of six hours ; and happens

at the third or twenty-seventh hour from

the appulse of the Moon to the meridian

of the port. If the Moon at the time

of this appulse to the meridian was in

the equator, every six hours alternately

there would arise equal floods, which

meeting with as many equal ebbs, would

so balance one the other, that for that

day the water would stagnate and remain

quiet. If the Moon then declined from

the equator, the tides in the ocean would

be alternately greater and less as was said.

And from hence two greater and two

lesser tides would be alternately propa-

F 4 Satecl
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gated towards that port. But the two

greater floods would make the greatest /

height of the waters to fall out in the

middle time betwixt both, and the great

er and lefler floods would make the wa

ters to rise to a mean height in the mid

dle time between them, and in the mid

dle time between the two lefler floods

theVaters would rise to their least height.

Thus in the space of twenty-hours, the

waters would come, not twice, but once

only to their greatest, and once only to

their least height ; and their greatest height,

if the Moon declined towards the eleva

ted pole, would happen at the sixth or

thirtieth hour after the appulse of the

Moon to the meridian, and when the

Moon changed its declination this flood

would be changed into an ebb.

philosophy of all which we have an example in

T\t"f N lhe Port °f Batfham, in the kingdom

of Tunquin, in the latitude of 20 0 50'

north. In that port on the day which

follows after the passage of the Moon

over the equator the waters stagnate :

When the Moon declines to the north,

they begin to flow and ebb, not twice

as in other ports, but once only every

day, and the flood happens at the set

ting, and the greatest ebb at the rising

of the Moon. This tide encreaseth with

the declination of the Moon, till the se

venth
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venth or eighth day ; then for the seventh

or eighth day following, it decreaseth at

the fame rate as it had increased before,

and ceaseth when the Moon changeth its

declination. After which the flood is

immediately changed into an ebb ; and

thenceforth the ebb happens at the set

ting, and the flood at the rising of the

Moon ; till the Moon again changes its

declination. There are two inlets from

the ocean to this port ; one more direct

and short between the ifland Hainan

and the coast of guantmg, a province

of China ; the other round about be

tween the same ifland and the coast of

Cochim: And through the shorter pas

sage the tide is sooner propagated to

Batsham. [ # ]

In the channels of rivers, the influx

and reflux depends upon the

current of the rivers, which ob- the^de?Æft1

structs the ingress of the Waters channelsof rivers are;

from the Sea, and promotes ™01'e uneciual thaa

, . r 1 r 1 • 10 the ocean.

their egrels to the Sea, making

the ingress later and flower, and the

egress sooner and faster. And hence it

is, that the reflux is of longer duration

than the influx, especially far up the ri

vers, where the force of the Sea is less.

So Sturmy tells us, that nuthe river

Avon three miles below Bristol, the wa

ter
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ter flows only five hours, but ebbs seven.'

And without doubt the difference is yet

greater above Bristol, as at Carejham or

the Bath. This difference does likewise

depend upon the quantity of the flux and

reflux. For the more vehement motion

of the Sea near the syzygies of the lu

minaries more easily overcoming the re

sistance of the rivers, will make the in

gress of the water to happen sooner and

to continue longer, and will therefore

diminish this difference. But while the

Moon is approaching to the syzygies,

the rivers will be more plentifully filled,

their currents being obstructed by the

greatness of the tides, and therefore will

something more retard the reflux of the

Sea a little after, than a little before the

syzygies. Upon which account the flow

est tides of all will not happen in the

syzygies, but prevent them a little. And

I observed above, that the tides before

the syzygies were also retarded by the

force of the Sun. And from both causes

conjoined, the retardation of the tides

will be both greater and sooner before

the syzygies. All which I find to be so,

by the tide-tables which Flamsteed has

composed from a great many observa

tions.
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B y the laws we have been describing,

the times of the tides are go- Thatthe tides are

verned : But the greatness Of greater in greater and

the tides depends upon the great- deeper Seas ; greater

r r , r _ r _ on the mores or con-

ness of the Seas. Let C repre- tinems than of islands

sent the center of the Earth, in the middle of the

EADB the oval figure of the faUdToVbay^hat

Sea, CA the longer semiaxe of open with wide inlet*

this oval, CB the shorter insist- «>theSea.

ing at right angles upon the former, D

 

. the middle point between A and B, and

ECF or eCf the angle at the center of

the Earth, subtended by the breadth of

the Sea that terminates in the shores E, F,

or e, f. Now supposing that the point

A is in the middle between the points

E, F, and the point D in the middle be

tween the points e, f; if the difference

pf the heights CA, CB represent the

quantity of the tide in a very deep Sea

sur-
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surrounding the whole Earth; the ex

cess of the height CA above the height

CE or CF, will represent the quantity of

the tide in the middle of the Sea EF

terminated by the mores E, F : and the

excess of the height C e above the height

Cf, will nearly represent the quantity

ofthe tide on the shores,/^ ofthe same Sea.

Whence it appears that the tides are far

less in the middle of the sea, than at the

shores ; and that the tides at the shores

>• 309. are nearly as EF the breadth of the Sea,

not exceeding a quadrantal arc. And

hence it is that near the equator, where

the Sea between Africa and America is

narrow, the tides are far less than to

wards either side in the temperate Zones,

where the Seas are extended wider, or

onalmost all the shores ofthe Tacific Sea,

as well towards America as towards

China, and within as well as without

the tropicks ; and that in iflands in the

middle of the sea they scarce rise higher

than two or three feet, but on the shores

of great continents are three or four times

greater and above, especially if the mo

tions propagated from the ocean are by

degrees contracted into a narrow space,

and the water, to fill and empty the

bays alternately, is forced to flow and

ebb with great violence through shallow

places 5 as Tlymouth and Chepstow-

Bridge

1
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Bridge in England, at the mount of

St. Michael and town of Avranches in

Normandy, and at Cambaja and 'Pegu

in the East Indies. In* which places,

the sea hurried in and out with great

violence, sometimes lays the shores un

der water, sometimes leaves them dry

for many miles. Nor is the force of

the influx and efflux to be broke till it

has raised or depressed the water to forty

or fifty feet and more. Thus also long

and shallow streights that open to the

sea with mouths wider and deeper

than the rest of their channel, (such as

those about Britain, and the Magellanic

Streights at the eastern entry) will have

a greater flood and ebb, or will more

intend and remit their course, and there

fore will rise higher and be depressed

lower. On the coasts of South Ame- [#]

rica, it is said that the Pacific Sea in its

reflux sometimes retreats two miles, and

gets out of fight of those that stand on

shore. Whence in these places, the

floods will be also higher. But in deep

er waters the velocity of influx and ef-

flux is always less, and therefore the as

cent and descent is so too. Nor in such

places is the ocean known to ascend to

more than six", eight, or ten feet. The

quantity of the ascent I compute in the

following manner.
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P. i62,

*6j.

L e T S represent the Sun, T the

Earth, P the Moon, PAGB the Moon's

1 ST and SL to SK in the dupli-

computed from the cate ratio of SK to SP. Pa-
1 —- VH^V J.UUV V*. WAX. W i-f* •

foregoing principles. raUd tQ pT dsaw m . and

supposing the mean quantity of the cir-

cum-solar force directed towards the

Earth to be represented by the distance

ST or SK, SL will represent the quanti

ty thereof directed towards the Moon.

But that force is compounded of the

parts SM, LM; of which the force

LM, and that part of SM which is re

presented by TM do disturb the motion

of the Moon (as appears from 'Prop. 66,

and its Corollaries.) In so far as the

Earth and Moon are revolved about their

common center of gravity, the Earth

will be liable to the action of the like

forces. But we may refer the sums as

well of the forces as of the motions to

the Moon, and represent the sums ofthe

S
•

 

G

 

\ forces
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forces by the lines TMandML, which

are proportional to them. The force

LM, in its mean quantity, is to the force

by which the Moon may be revolved in

an orbit, about the Earth quiescent, at the

distance PT, in the duplicate ratio of the

Moon's periodic time about the Earth to

the Earth's periodic time about the Sun

(by Cor. 17, 'Prof. 66) that is, in the

duplicate ratio of 27d7h43; to 3-65d 6h

9', or as 1000 to 178725, on to 178 fg.

The force by which the Moon may be 1

revolved in its orb about the Earth in

rest, at the distance PT of 60^ semi-

diameters of the Earth, is to the force

by which it may revolve in the same time

at the distance of 60 semi-diameters as

60 i to 60 ; and this force is to the force

of gravity with us as 1 to 60 x 60

nearly. And therefore the mean force

ML is to the force of gravity at the surface

of the Earth as 1 X 60 ± to 60 x 60 x 60

X 178$?, or 1 to 638092,6. .Whence

the force TM will be also given from the

proportion of the lines TM, ML. ', And

these are the forces of the Sun, by which

the Moon's motions are disturbed. -

I f from the Moon's orbit we descend p. 3°«-

to the Earth's surface, those The force of the

forces will be diminished in the Sim to move the sea

ratio of the distances 60 \ and 1 ; imputed.

and
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and therefore the force LM will then

become 38604600 times less than the

force of gravity. But this force acting

equally every where upon the Earth, will

scarcely effect any change on the motion

of the Sea, and therefore may be neglect

ed in the explication of that motion.

The other force TM, in places where

the Sun is vertical or in their nadir, is

triple the quantity of the force ML, and

therefore but 12868200 times less than the

[#] force of gravity.

Suppose now ADBE to represent

The height os the the spherical surface of the

tide under the eqUa- Earth ^d£E the surface of the

tor, arising trom the ' - _ ,

force of the sun,com- water over-lpreading it, C the

Pute^ center of both, A the place to

which the Sun is vertical, B the place
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Opposite; D, E, places at 90 degrees di

stance from the former ; A C E m Ik a

right angled cylindric canal pasting

through the Earths center. The force

TM in any place is as the distance of the

place from the plain DE, on which a line

from A to C. insists at right angles, and

therefore in the part of the canal which is

represented by E C Im, is ofno quantity ;

but in the other part A C Ik, is as the gra

vity at the several heights. For in de

scending towards the center of the Earth*

gravity is (by 'Prop. 73.) every where as

the height. And therefore the forceT M

drawing the water upwards will diminish

its gravity in the leg A C Ik of the canal

in a given ratio ; upon which account

the water will ascend in this leg, till its

defect of gravity is supplied by its greater

height, nor will it rest in an equilibrium,

till its total gravity becomes equal to the

total gravity in EC/m the other leg of

the canal. Because the gravity of every

particle is as its distance from the Earth's

center, the weight of the whole water

in either leg will increase in the duplicate

ratio ofthe height; and thereforethe height

of the water in the leg ACIk will be to

the height thereof in the leg C/wE in

the subduplicate ratio ' of the number

1 2868201 to 12868200, or in the ratio

of the number 25623053 to thenum-

G ber
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• ber 25623052, and the height of the wa

ter in the leg E Clm to the difference

of the heights, as 25623052 to 1. But

the height in the leg EC/«? is of

19615800 'Paris feet, as has been late

ly found by the mensuration of the

French. And therefore by the preceding

analogy, the difference of the heights

conies out 97 inches of the 'Paris foot;

and the Sun's force will make the height

of the Sea at A to exceed the height of

the same at E by 9 inches. And though

the water of the canal A C E m Ik be sup

posed to be frozen into a hard and solid

consistence, yet the heights thereof at A

and E, and all other intermediate places,

would still remain the same.

L e t A a (in the following figure) re-

The height of the present that excess of height of

tides under the paral- nine inches at A, and hf the

lels arising from the s f h j ht t th

Sun's force, compu- » ,,

xed. , place h ; and upon DC let fall

the perpendicular/"G, meeting

the globe of the Earth in F. And be

cause the distance of the Sun is so great

that all the right lines drawn thereto

may be considered as parallel, the force

TM in any place f, will be to the same

force in the place A, as the sine FG to

the radius AC. Andtherefore since those

forces tend to the Sun in the direction
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of parallel lines, they will generate the

parallel heights If, A a in the same ra

tio; and therefore the figure of the wa

ter Dfaeb will be a ipheroid made by

the revolution of an ellipse about its

longer axe a b. And the perpendicular

height/^ will be to the oblique height

F/'as/G tofC, orasFG to AC: and

therefore the height fh is to the height

A a in the duplicate ratio of F G to A C,

that is, in the ratio of the versed sine

of double the angle D Cf to double. the

radius, and is thence given. And hence

to the several moments of the apparent

revolution of the Sun about the Earth,

we may infer the proportion of the ak

cent and descent of the waters at any

given place under the equator, as well as

G 2 of
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of the diminution of that ascent and de

scent, whether arising from the latitude

of places or from the Suns declination)

viz. That on account of the latitude of

places, the ascent and descent of the sea

is in" all places diminished in the dupli

cate ratio of the co-sines of latitude?

• and on account of the Sun's declina

tion, the ascent and descent under the

equator is diminished in the duplicate

ratio of the co-sine of declination. And

in places without the equator, the half

sum of the morning and evening as

cents (that is, the mean ascent) is

diminished nearly in the same ra

tio.

Let S and L respectively represent

w . , the forces of the Sun and Moon
The proportion Or ... ,

the tides under the placed in the equator, and at

equator, in the syzy- tneir mean distances from the

Irifingfromthe'foint Earth, R the radius, Tand V the

forces of both Sun versed sines of double the com-

and Moon. pkments of the Sun and xMoon's

declinations to any given time, D and E

the mean apparent diameters of the Sun

and Moon : And, supposing F and G tq

be. their apparent diameters to that

given time, their forces to raise the

tides under the cquator will be, in the

VG 3 T F 5

fogies, _L+-^S, in the

quadra
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V G ' TF 1

quadratures, ——— L— ... S. And
M 2RE1 2RD!

if the lame ratio is likewise observed un

der the parallels, from observations accu

rately made in our northern climates we

may determine the proportion of the

forces L and S 3 and then by means ofthis

rule predict: the quantities of the tides to

every fyzygy and quadrature.

Ax the mouth of the ri- P. 3o6, 3Q7> 3o8i J09.

ver Avon, three miles belowi?/-/- The force of the

Jlol, in spring and autumn, the Moonto excite tides,

" , , -r b - , . and the height of the

Whole ascent Of the Water in water thence arising,

the conjunction or opposition of computed,

the luminaries (by the observation of

Sturmy) is about 4$. feet, but in the

quadratures only 2 5 . Because the appa

rent diameters of the luminaries are not

here determined, let us assume them in

their mean quantities, as well as the

Moon's declination in the equinoctial

quadratures, in its mean quantity, that

is, 23 and the versed sine of double

its complement will be 1682, supposing

the radius to be 1 000. But the declina

tions of the Sun in the equinoxes and of

the Moon in the syzygies are of no quan

tity, and the versed sines of double the

complements are each 2000, Whence

those forces become L + S in the syzy

gies, and I^l2i L— S in the quadratures,

** 2000 *

G 3 re- '
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respectively proportional to the heights

of the tides of 45 and 25 feet, or of 9

and 5 paces. And therefore multiply

ing the extremes and the means we have

5L+5 S= L— 9 S, or L =

2000

28000 ,

S = 5 TT S.

5138

But further, I remember to have been

told, that in summer the ascent of the

sea in the syzygies, is to the ascent there

of in the quadratures as about 5 to 4,

In the solstices themselves it is probable

that the proportion may be something

less, as about 6 to 5 $ whence it would

follow that L is === 5 J S. [For then the

. 1682-. , 1682 _ _

proportion is L -I S : L —

2000 2000

S : : 6:5.] Till we can more cer-

2000

tainly determine the proportion from ob

servation, let us assume L = 5 7 S ; and

since the heights of the tides are as the

forces which excite them, and the force

of the Sun is able to raise the tides to the

height of nine inches, the Moon's force

will be sufficient to raise the same to the

height of four feet. And if we allow

that this height may be doubled, or per

haps tripled by that force of reciproca

tion which we observe in the motion of

the waters, and by which their motion

, once
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once begun is kept up for some time,

there will be force enough to generate

all that quantity of tides, which we

really find in the ocean.

Thus we have seen that these forces/*. 310.

are sufficient to move the sea.

But, sa far as I can observe, That those force*

« ... 111 or the Sun and Moon

they Will not be able tO pro- are scarce sensible by

duce any other effect: sensible any oth« effect be-

on our Earth. For since the £j

weight of one grain in 4000

is not sensible in the nicest balance ; and

the Sun's force to move the tides is

12868200 less than the force of gravity }

and the sum of the forces of both Moon

and Sun, exceeding the Sun's force only

in the ratio of 6 j to 1, is still 2032890

times less than the force of gravity ; it is

evident that both forces together are 500

times less than what is required sensibly to

increase or diminish the weight of any

body in a balance. And therefore they

will not sensibly move any suspended bo*

dy ; nor will they produce any sensible

effect on pendulums, barometers, bodies

swimming in stagnant water, or in the

like statical experiments. In the atmos-

phere indeed they will excite such a flux

and reflux as they do in the sea, but with

so small a motion that no sensible wind

will be thence produced.

G 4 I*
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j,. 3 1 1. If the effects of both Moon

That the body of the and Sun in raising the tides, as

Moon is aboute times welj ^thsh apparent diameters,

more dense than the , 't

tody of the Sun. were equal among themlelves,

their absolute forces would ( by

Cor. 14. 'Prop. 66.) be as their magni

tudes. But the effect of the Moon is to

the effect ofthe Sun as about 5 f to 1 ; and

the Moon's diameter less than the Sun's

in the ratio of 3 1 i to 3 2 f or of 45 to 46.

Now the force of the Moon is to be in

creased in the ratio of the effect directly,'

and in the triplicate ratio of the diameter

inversely. Whence the force of the Moon

compar'd with its magnitude will be to the

force of the Sun compar'd with its magni

tude in the ratio compounded of 5 f to 1,

and the triplicate of45 to 46 inversely, that

is, in the ratio of about 5 so to 1 . And

therefore the Moon in respect of the mag

nitude of its body, has an absolute cen

tripetal force greater than the Sun in re

spect of the magnitude of its body, in the

ratio of 5 t» to 1, and is therefore more

dense in the same ratio.

* In the time of 27 d 7h43* in which

That the Moon is ^ M°°n makes its revolution

more dense tMin the about the Earth, a Planet may

bouf w iMti° °f 3 be revolved ab°ut tne Sun at the

011 3 2' distance of 18,954 diameters of

the Sun from the Suns center, suppo

sing
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sing the mean apparent diameter of the

Sun to be 32 s. And in the same time

the Moon may be revolved about the

Earth at rest, at the distance of 30 of

theEarth's diameters. If in both cases the

number of diameters was the same, the

absolute circum-terrestrial force would (by

Cor. 2. <Prop.72)bc to theabsolute circum

solar force as the magnitude of the Earth

to the magnitude of the Sun. Because

the number of the Earth's diameters is,

greater in the ratio of 30 to i'8,954, the

body of the Earth will be less in the tri

plicate of that ratio, that is, in the ra

tio of 3 ff to 1. Wherefore the Earth's

force, for the magnitude of its body, is

to the Sun's force, for the magnitude of

its body, as 3 fJ to 1 , and consequently

the Earth's density to the Sun's will be

in the same ratio. Since then the Moon's

density is to the Sun's density as 5 & to

1, the Moon's density will be to the

Earth's density as 5 ft to 3 M, or as 23

to 16. Wherefore since the Moon's

magnitude is to the Earth's magnitude

as about 1 to 41 \, the Moon's absolute

centripetal force will be to the Earth's

absolute centripetal force as about 1 to

29, and the quantity of matter in the

Moon to the quantity of matter in the

Earth in the same ratio. And hence the

common
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common center of gravity of the Earth

and Moon is more exactly determined

£*J than hitherto has been done. From the

knowledge of which we may now infer

the Moon's distance from the Earth with

greater accuracy. But I would rather

wait till the proportion of the bodies of

the Moon and Earth one to the other is

more exactly defined from the pheno

mena of the tides, hoping that in the

meantime the circumference ofthe Earth

may be measured from more distant stati

ons than any body has yet employed for

this purpose.

Thus I have given an account of

the system of the Planets. As

affaSS? to the fixed Stars, the sinallncss

of their annual parallax proves

them to be removed to immense distances

from the system of the Planets. That

this parallax is less than one minute is

most certain ; and from thence it follows

that the distance of the fixed Stars is above

360 times greater than the distance of

Saturn from the Sun. Such as reckon

the Earth one of the Planets and the Sun

one of the fixed Stars, may remove the

fixed Stars to yet greater distances by the

following arguments. From the annual

motion of the Earth there would happen

an apparent transposition ofthe fixed Stars,

one
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one in respect: of another, almost equal

to their double parallax. But the greater

and nearer Stars, in respect of the more

remote, which are only seen by the te

lescope, have not hitherto been observed

to have the least motion. If we should

suppose that motion to be but less than

20", the distance of the nearer fixed

Stars would exceed the mean distance of

Saturn by above 2000 times. Again,

the disc of Saturn, which is only 1 7''

or 18" in diameter, receives but about

* of the Sun's light. For so

2100000000

much less is that disc than the whole

spherical surface of the orb of Saturn.

Now if we suppose Saturn to reflect a-

bout % of this light, the whole light re

flected from its illuminated hemisphere

will be about of the whole

4200000000

light emitted from the Sun's hemisphere.

And therefore since light is rarefied in

the duplicate ratio of the distance from

the luminous body, if the Sun was

10000 V42 times more distant than Sa

turn, it would yet appear as lucid, as

Saturn now does without its ring, that

is, something more lucid than a fixed Star

of the first magnitude. Let us therefore

suppose that the distance from which the

Sun would shine as a fixed Star exceeds
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that of Saturn by about 100,000 times,

and its apparent diameter will be 7V i6vi,

and its parallax arising from the annual

motion of the Earth 1 3 "". And so great

will be the distance, the apparent diame

ter, and the parallax of the fixed Stars

of the first magnitude in bulk and light

equal to our Sun. Some may perhaps

imagine that a great part of the light of

the fixed Stars is intercepted and lost in

its passage through so vast spaces, and

upon that account pretend to place the

fixed Stars at nearer distances. But at

this rate the remoter Stars could be scarce

seen. Suppose for example that i of the

light perish in its passage from the nearest

fixed Stars to us ; then | will twice perish

in its passage through a double space,

thrice through a triple, and so forth.

And therefore the fixed Stars that are at

a double distance will be 1 6 times more

obscure, viz. 4 times more obscure on

account of the diminished apparent dia

meter 5 and again, 4 times more on ac

count of the lost light. Andby the same

argument, the fixed Stars at a triple di

stance, will be 9x4X4 or 144 times

more obscure, and those at a quadruple

distance will be 16X4X +X+ or 1024

times more obscure. But so great a dimi

nution of light is no ways consistent with

the phænomena and with that hypothe-

* sis
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lis which places the fixed Stars at different

distances.

Tfi e fixed Stars being therefore at p. 313,;

such vast distances from one another, can J14*

neither attract each other sensi

bly, nor be attracted by our Sun. That the comets a«

' , . _ A .1 often as they become

But the Comets mult unaVOld- visible to us,arenear-

ably be acted on by the circum- er than JUP|^- Pro^

solar force. For as the Comets St^tatoa^waT"

were placed by astronomers a-

bove the Moon, because they were found

to have no diurnal parallax ; so their an

nual parallax is a convincing proof of

their descending into the regions of the

Planets. For all the Comets which move

in a direct course, according to the or

der of the signs, about the end of their

appearance become more than ordinarily

flow, or retrograde, if the Earth is between

them and the Sun \ and more than ordi

narily swift, if the Earth is approaching.

to a heliocentric opposition with them.

Whereas on the other hand, those which

move against the order of the signs, to

wards the end of their appearance, ap- . s

pear swifter than they ought to be if the

Earth is between them and the Sun;

and flower, and perhaps retrograde, if

the Earth is in the other side of its

orbit. This is occasioned by the mo

tion of the Earth in different situati

ons.
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ons. If the Earth go the seme way

with the Comet, with a swifter motion,

the Comet becomes retrograde; if with

a flower motion, the Comet becomes

flower however 5 and if the Earth move

the contrary way, it becomes swifter.

1*3 And by collecting the differences between

the flower and swifter motions, and the

sums of the more swift and retrograde

motions, and comparing them with the

situation and motion of the Earth from

whence they arise, I found, by means of

this parallax, that the distances of the

Comets at the time they cease to be visi

ble to the naked eye, is always less than

the distance of Saturn ; and generally

even less than the distance of Jupiter.

p. i 2 %. The same thing may be collected

The same proved ^ the curvature of the way

from their parallax of the Comets. These bodies

m latitude. . gQ on nearly in great circles

while 'their motion continues swift ; but

about the end of their course, when that

part of their apparent motion, which a-

rises from the parallax, bears a greater

proportion to their whole apparent mo

tion, they commonly deviate from those

circles ; and when the Earth goes to one

side, they deviate to the other. And

this deflexion, because of its correspond

ing with the motion of the Earth, must

arise
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arise chiefly from the parallax 5 and the

quantity thereof is so considerable, as

by my computation, to place the dis

appearing Comets a good deal lower

than Jupiter. Whence it follows, that

when they approach nearer to us in their

perigees and perihelions, they often de

scend below the orbits of Mars and the

inferiour Planets. [ # ]

Moreover, this nearness of the

Comets is confirmed by the an- The fame prove(j

nual parallax of the orbit, in so otherwise by the pa<

far as the same is pretty nearly rallax*

collected by the supposition that the

Comets move uniformly in right lines.

The method of collecting the distance of

a Comet according to this hypothesis

from four observations, (first attempted

by Kepler, and perfected by Dr. Wallis

and Sir Christopher Wren) is well known.

• And the Comets reduced to this regu

larity generally pass through the middle

of the planetary region. So the Comets

of the years 1 607 and 1 61 8, as their mo

tions are defined by Kepler, pasted be

tween the Sun and the Earth ; that of

the year 1 664 below the orbit of Mars ;

and that in 1 680 below the orbit of Mer

cury, as its motion was defined by

Sir Christopher Wren and others. By

a like rectilinear hypothesis^ Hevelms

placed
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placed all the Comets about which we

have any observations, below the orbit

of Jupiter. Tis a false notion therefore, '

and contrary to astronomical calculation,

. Which some have entertained, who from

the regular motion of the Comets, either

remove them into the regions of the fixed

Stars, or deny the motion of the Earth ;

whereas their motions cannot be reduced

to perfect regularity, unless we suppose

them to pass through the regions near

( . the Earth in motion. And these are

the arguments drawn from the parallax,

so far as it can be determined without

an exact knowledge of the orbits and

motions of the Comets.

P. 3»6, to The near approach of the Comets is

3*From th Uh further confirmed from the light

thecZeti Lais ids of"*eir heads. For the light of

proved that they de- a celestial body, illuminated by

Wn° the0rbitof the Sun, and receding to remote

parts, is diminished in the qua

druplicate proportion of the distance,

to wit, in one duplicate proportion on

account of the increase of the distance

from the Sun; and in another duplicate

proportion, on account of the decrease

of the apparent diameter. Hence it may

be inferred, that Saturn being at a dou

ble distance, and having its apparent

diameter nearly half of that of Jupiter;

must appear about 1 6 times more obscure ;

and
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and that if its distance were 4 times

greater, its light would be 256 times

less ; and therefore would be hardly per

ceivable to the naked eye. But now the

Comets often equal Saturn's light, with

out exceeding him in their apparent

diameters. So the Comet of the year

1668, according to Dr. Hook's observa

tions, equalled in brightness the light of

a fixed Star of the first magnitude, and

its head, or the Star in the middle of the

coma, appeared, through a telescope of

1 5 foot, as lucid as Saturn near the hori

zon. But the diameter of the head was

only. 25"; that is, almost the same with

the diameter of a circle equal to Saturn

and his ring. The coma or hair sur

rounding the head was about ten times

as broad ; namely, 4 * min. Again, the

least diameter of the hair of the Comet

of the year 1682, observed by Mr. Flam-

fteed with a tube of 1 6 foot, and measu

red with the micrometer, was 2 ' o ".

But the nucleus, or star in the middle,

scarce possessed the tenth part of this

breadth, and was therefore only 11" or

12" broad. But the light and clearness

of its head exceeded that of the year

1680, and was equal to that of the Stars

of the first or second magnitude. More

over, the Comet of the year 1605 in

April, as Hevelius informs us, exceed-

H ed
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ed almost all the fixed Stars in splendor } .

and even Saturn it self, as being of a

much more vivid colour. For this Co

met was more lucid than that which ap

peared at the end of the foregoing year,

and was compared to the Stars of the

first magnitude. The diameter of the

coma was about 6'; but the nucleus,

compared with the Planets by means of

a telescope, was plainly less thanJupiter,

and was sometimes thought less, some

times equal to the body of Saturn with

in the ring. To this breadth add that

pf the ring, and the whole face of Sa

turn will be twice as great as that of the

Comet, with a light not at all more in

tense : and therefore the Comet was,

nearer to the Sun than Saturn. From

the proportion of the nucleus to the

whole head found by these observations,

and from its breadth, which seldom ex

ceeds 8 'or iz', it appears that the Stars

of the Comets are most commonly of

the same apparent magnitude as the

Planets; but that their light may be

compared oftentimes with that of Sa

turn, and sometimes exceeds it. And

hence 'tis certain that in their perihelia

their distances can scarce be greater than

that of Saturn. At twice that distance,

the light would be four times less, which

besides by its dim paleness would be as

much
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much inferiour to the light of Saturn, as

the light of Saturn is to the splendour of

Jupiter : But this difference would be

easily observed. At a distance ten times

greater their bodies must be greater than

that of the Sun ; but their light would

be 106 times fainter than that of Saturn.

And at distances still greater their bodies

would far exceed the Sun : but being in

such dark regions, they must be no lon

ger visible. So impossible is it to place

the Comets in the middle regions be

tween the Sun and fixed Stars, account

ing the Sun as one of the fixed Stars.

Por certainly they would receive no more

light there from the Sun, than we do

from the greatest ofthe fixed Stars.

So far we have gone without , ,, . . ,
/.j • . ° tr • And also below the

considering that obscuration orb of jup;ter, and

which Comets suffer from that sometimes below the

plenty of thick s1noak which en- orb of the Earth*

eompasseth their heads, and through

Which the heads always shew dull as

through a cloud. Por by how much

the more a body is obscured by this

smoak, • by so much the more near it

must be allowed to come to the Sun,

•that it may vie with the Planets in

the quantity of light which it reflects.

Whence it is probable that the Comets

descend far below the orbit of Saturn, as

Ha we
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we proved before from their parallax.

But above all, the thing is evinced from

their tails, which must be owing either

to the Sun's light reflected from a smoak

arising from them and dispersing it self

through the Æther, or to the light of

their own heads.

In the former case we must shorten

* the distance of the Comets, lest we be

obliged to allow that the smoak arising

from their heads is propagated through

such a vast extent of space, and with

such a velocity of expansion as will

seem altogether incredible. In the lat

ter case the whole light of both head

and tail must be ascribed to the central

nucleus. But then if we suppose all this

light to be united and condensed within

the disc of the nucleus, certainly the

nucleus will by far exceed Jupiter it

self in splendour, especially when it e-

mits a very large and lucid tail. If

therefore under a less apparent diameter

it reflects more light, it must be much

J more illuminated by the Sun, and there

fore much nearer to it. So the Comet

that appeared Dfr. 12. and 15. O. S.

Anno 1679, at the time it emitted a very

shining tail, whose splendour was equal*

to that of many Stars like Jupiter, iftheir

light were dilated and spread dirough

so great . a space, was, as to the magni-

tude
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*

tude of its nucleus, less than Jupiter, (as

Mr. Flamjieed observed ) and therefore

was much nearer to the Sun : Nay, it

was even less than Mercury. For on

the 17th of that month when it was

. nearer to the Earth, it appeared to Cap

jini through a telescope of 3 5 foot a lit

tle less than the globe of Saturn. On

the 8th of this month, in the morning, ,

Dr. Halley saw the tail,. appearing broad

and very short, and as if it rose from the

body of the Sun it self, at that time

very near its rising. Its form was like

that of an extraordinary bright cloud ;

nor did it disappear till the Sun it self

began to be seen above the horizon. Its

splendour therefore exceeded the light

of the clouds till the Sun rose, and far

surpassed that of all the Stars together,

as yielding only to the immediate bright

ness of the Sun it self. Neither Mercu

ry, nor Venus, nor the Moon it self

are seen so near the rising Sun. Imagine

all this dilated light collected together,

and to be crouded into the orbit

of the Comet's nucleus which was

less than Mercury ; by its splendour

thus increased, becoming so much more .

conspicuous, it will vastly exceed Mer

cury, and therefore must be nearer to

the Sun. On the 12th and 15th of

the same month this tail extending it

H 3 self
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self over a much greater space', appeared

more rare ; but its light was still so vi

gorous as to become visible when the

fixed Stars were hardly to be seen, and

soon after to appear like a fiery beam

shining in a wonderful manner. From

its length, which was 40 or 50 degrees,

and its breadth of 2 degrees, we may

compute what the light of the whole

must be.

This near approach of the Comets

The so to the Sun is confirmed from

fromethemextrIoIdiI the situation they are seen in

nary splendour of when their tails appear most re-

S^Æt** splendent. For when the head

pastes by the Sun and lies hid

under the solar rays, very bright and

shining tails, like fiery beams, are said to

istue from the horizon ; but afterwards

when the head begins to appear, and is

got farther from the Sun, that splendour

always decreases and turns by degrees

into a paleness like to that of the milky

way,, but much more sensible at first 5

after that vanishing gradually. Such was

f- 374- that most resplendent Comet described

by Aristotle, Lib. 1 . Meteor. 6. £ The

' < head thereof could not be seen because

cit set before the Sun, . or at least was hid

.* under the Sun's rays ; but the next day

f it was seen as well as might be ; for h^-

f ying left the Sun but a very little way, it

' ' * \ ' . « set
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' set immediately after it. And the scat-

* tered light of the head obscured by the

' too great splendour (of the tail) did not

c yet appear. But afterwards ( says Ari-

*Jhtle) when the splendour of the tail

* was now diminished, (the head of) the

' Comet recovered its native brightness.

f And the splendour of its tail reached

i * now to a third part of the heavens ' (that

is to <5o°. ) * It appeared in the winter

'season, and rising to Orion's Girdle, [#]

' there vanished away. ' Two Comets of

the same kind are described by Justin-,

lib. 3 7. which according to his account

'* shined so bright that the whole heaven

* seemed to be on fire ; and by their great-

* ness filled up a fourth part of the hea-

* vens, and by their splendour exceeded

* that of the Sun/ By which last words a

near position of these bright Comets and

the rising or setting Sun is intimated, p. 373,

We may add to these the Comet of the 374*

year 11 01 or 1106, ' the star of which

' was small and obscure ( like that of

« 1680) but the splendour arising from it

* extremely bright, reaching like a fiery

* beam to the East and North, ' as Heve^

lius has it from Simeon t;he monk of

Durham. It appeared at the beginning

of February about the evening in the

south-west. From this and from the si

tuation of the tail we may infer that the

H 4 head
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head was near the Sun. Matthew 'Paris

says, ' it was about one cubit from 'the

* Sun; from the third' [or rather the

sixth] ' to the ninth hour sending out a

] ' long stream of light.' The Comet of

1264 in July-, or about the solstice, pre

ceded the rising Sun, sending out its

beams with a great light towards the

west as far as the middle of the heavens.

And at the beginning it ascended a little

above the horizon ; but as the Sun went

forwards it retired every day farther

from the horizon, till it passed by the

very middle of the heavens. It is said

to have been at the beginning large and

bright, having a large coma, which de

cayed from day to day. It is described

in Append. Matth. Tarif. Hist. Ang.

after this manner. An. Christi 126s,

1 there appeared a Comet so wonderful,

' that none then living had ever seen the

' like. For rising from the east with a

£ great brightness, it extended it selfwith

c a great light as far as the middle of the

* hemisphere towards the west.' The La

tin original being somewhat barbarous

and obscure, .it is here subjoined. Ab

oriente enim cum magno fulgore furgens,

usque ad medium hemisphœrii versus oc-

ciaentem, omnia perlucide pertrahebat.

* In the year 1 401 or 1402, the Sun be-

* ing got below the horizon, there ap

peared
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* peared ia the west a bright and fliin-

' ing Comet, sending out a tail upwards

* in splendour like a flame of fire, and

' in form like a spear, darting its rays

.' from west to east. When the Sun

1 was sunk below the horizon, by the

1 lustre of its own rays it enlightned

' all the borders of the Earth, not per-

' mitting the other Stars to shew their

1 light, or the shades of night to darken

c the air, because its light exceeded that

' of the others, and extended it self to

'.* the upper part of the heavens, fla-

.' ming, <&c. Hist. Byzant. Due. Mich.

Nepot. From the situation of the tail

of this Comet, and the time of its first

appearance, we may infer that the head

was then near the Sun, and went farther

from him every day. For that Comet

continued three months. In the year

1 5 27, Aug. 1 1, about four in the morn

ing, there was seen almost throughout

Europe, a terrible Comet in Leo, which

continued flaming an hour and a quar

ter every day. It rose from the east,

and ascended to the south and west to a

prodigious length. It was most conspi

cuous to the north, and its cloud (that

is its tail) was very terrible ; having,

according to the fancies of the vulgar,

the form of an arm a little bent, holding .

a sword of a vast magnitude. In the

year
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year 1618, in the end of November,

there began a rumour, that there appear-

• ed about Sun-rising a bright beam, which

was the tail of a Comet, whose head

was yet concealed within the brightness

of the solar rays. On Nov. 24, and

from that time, the Comet it self appeared

with a bright light, its head and tail be

ing extremely resplendent. The length

of the tail, which was at first 20 or 30.

deg. increased till 'December 9, when it

arose to 7$ deg. but with a light much

more faint and dilute than at the begin-

f-373- ning. In the year 1668, March 5.

N. S. about seven in the evening P. Va-

lent. Eftancius being in Brafile, saw

a Comet near the horizon in the south

west. Its head was small, and scarce

discernible, but its tail extremely bright

and refulgent, so that the reflexion of it

from the sea was easily seen by those

who stood upon the shore. This great

splendour lasted but. three days, decrea

sing very remarkably from that time.

The tail at the beginning extended it

self from west to south, and in a situati

on almost parallel to the horizon, ap

pearing like a shining beam 2 3 deg. in

length. Afterwards the light decreasing,

its magnitude increased till the Comet

ceased to be visible. So that CaJJini at

Bologna saw it {Mar. 10, u, 12.) rising

from
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from the horizon 3 2 deg. in length. In

'Portugal it is said to have taken up a

fourth part of the heavens, (that is, 45

deg.) extending it self from west to east

with a notable brightness; though the

whole of it was not seen, because the

head in this part of the world always

lay hid below the horizon. From the

increase of the tail it is plain that the

head -receded from the Sun, and was

nearest to it at the beginning when the

tail appeared brightest. [ # 3

To all these we may add the Comet

of 1680, whose wonderful splendour at

the conjunction of the head with the

Sun was above described. But so great

a splendour argues the Comets of this

.kind to have really passed near the foun

tain of light ; especially since the tails

never shine so much in their opposition

to the Sun; nor do we read that fiery

beams have ever appeared there.

Last ly, the same thing is inferred

from the light of the heads in- p ;zg to 330*

creasing in the recess of the Co- The fam& proved

mets from the Earth towards from the Ng^ of

the Sun, and decreasing in their JSJ^jSB

return from the Sun towards when they come neat

the Earth. For so the last Co- to the Sun-

met of the year 1665, (by the observa

tion of Hevelius) from the time that it

Was-
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was first seen, was always losing of its ap

parent motion, and therefore had alrea

dy pasted its perigee, yet the splendour

of its head was daily increasing, till be

ing hid by the Sun's rays, the Comet

ceased to appear. The Comet of the

year 1683, (by the observation of the

same Hevelius) about the end of July,

when it first appeared, moved at a very

flow rate, advancing only about 40 or

45 minutes in its orbit in a day's time.

But from that time its diurnal motion

was continually upon the increase till

September 4, when it arose to about 5

degrees. And therefore in all this inter

val of time the Comet was approaching

to the Earth. Which is likewise proved

from' the diameter of its head measured

with a micrometer. For Augufl the 6th

Hevelius found it only 6 ' 5 " including

the coma ; which September x, he obser

ved 9' 7". And therefore its head ap

peared far less about the beginning than

towards the end of its motion, though a-

bout the beginning, because nearer to the

Sun, it appeared far more lucid than to

wards the end, as the same Hevelius

declares. Wherefore in all this interval

of time, on account of its recess from

the Sun, it decreased in splendour, not

withstanding its access towards the

Earth. The Comet of the year 161 8,

about
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about the middle of 'December, and'that

of the year 1680, about the end of the

same month, did both move with their

greatest velocity, and were therefore

then in their perigees. But the greatest:

splendour of their heads was seen two

weeks before when they had just got

clear of the Sun's rays. And the great

est splendour of their tails a little more

early, when yet nearer to the Sun. The

head of the former Comet, according to

the observations of Cysatus, 'Dec. 1,

appeared greater than the Stars of the

first magnitude ; and Dec. 1 6, (being

then in its perigee) of a small magnitude,

and the splendour or clearness was much

diminilhed. Jan. 7. Kepler being uncer

tain about the head, left off observing.

Dec. 12. the head of the last Comet

was seen and observed by Flamfleed at

the distance of 9 degrees from the Sun 5

which a Star of the third magnitude

could hardly have been. December 1 5

• and 17, the same appeared like a Star

of the third magnitude, its splendour be

ing diminished by the bright clouds near

the setting Sun. Dec. 26, when it

moved with the greatest swiftness, and

was almost in its perigee, it was inferiour

to Os Tegafi, a Star of the third mag

nitude. Jan. 3, it appeared like a Star

of the fourth. Jan. 9, like a Star ofthe

fifth.
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fifth. Jan. 13, it disappeared by reason"

of the brightness of the Moon which was

then in its increase. Jan. 25, it was

scarce equal to the Stars of the seventh

magnitude. If we take equal tknes on

each hand ofthe perigee, the heads placed

at remote distances would have shined

equally before and after, because of their

equal distances from the Earth. That

in one case they shined very bright, and

in the other vanished, is to be ascribed

to the nearness of the Sun in the first

cafe, and his distance in the other. And

from the great difference of the light in

these two cases, we infer its great near

ness in the first of them. For the light

of the Comets uses to be regular, and to

appear greatest when their heads move

the swiftest, and are therefore in their

perigees ; excepting in so far as it is in

creased by their nearness to the Sun.

From these things I at last diseover-

The fame con- ed why the Comets frequent so

firmed by the great mUch the region of the Sun. If

number of Comets i « r • .

seen in the region they were to be seen in the re-

of the Sun. gions a great way beyond Sa

turn, they must appear oftner in those

parts of the heavens that are opposite to

the Sun. For those which are in that si

tuation would be nearer to the Earth *

and the interposition of the Sun would

obscure
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obscure the others. But looking over

the history of Comets, I find that four

or five times more have been seen in the*

hemisphere toward the Sun, than in the

' opposite hemisphere ; besides, without

doubt, not a few which have been hid

by the light of the Sun. For Comets

descending into our parts neither emit

tails, nor are so well illuminated by the

Sun as to discover themselves to our

naked eyes, till they are come nearer to

us than Jupiter. But the far greater

part of that sphærical space, which is de

scribed about the Sun with so small an

interval, lies on that side of the Earth

which regards the Sun, and the Comets

in that greater part are more strongly il

luminated, as being for the most part

nearer to the Sun. _ Besides, from the [ # ]

remarkable eccentricity of their orbits

it comes to pass that their lower apsides

are much nearer to the Sun than if their

revolutions were performed in circles

concentric to the Sun.

Hence also we understand why the

tails of the Comets, while their This ls c n_

heads are descending towards firmed, by the great-

the Sun, always appear short « magnitude and

j j /-Tj r • i splendour of the tail*

and rare, and are seldom said to after the conjunction

have exceeded 15 or 2odeg. in os the heads with the

length; but in the recess of the Sun< than before*

1 < heads
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heads from the Sun often shine like fiery

beams, and soon after reach to 40, 50,

60, 70 deg. in length, or more. This

great splendour and length of the tails

arises from the heat which the Sun com- '

municates to the Comet as it passes

near it. And thence I think it may be

concluded that all the Comets that have

had such tails have passed very near the

Sun.

p. 36i. to Hence also we may collect that

3<54* " the tails arise from the atmospheres of

the heads. But we have had

That the tails a- three several opinions about the

rife from the atmol- ., ~~ 1 r r ...

pheres oftheComets. tails ofComets. For some will

have it, that they are nothing

else but the beams of the ' Sun's light

transmitted through the Comets heads;

which they suppose to be transparent :

others, that they proceed from the re

fraction which light suffers in pasting

from the Comets head to the earth : and

lastly, others, that they are a sort of

clouds or vapour constantly riling from

the Comets heads, and tending towards

the parts opposite to the Sun. The

* first is the opinion of such as are yet un

acquainted with ppticks. For thebeams

of the Sun are not seen in a darkned

room, but in consequence of the light

that is reflected from them, by the little

parti-
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particles of dust and smoak which are

always flying about in the air. And

hence it is, that in air impregnated widi

thick smoak they appear with greater

brightness, and are more faintly and

more difficultly seen in a finer air. But

in the heavens, where there is no mat

ter to reflect the light, they are not to

be seen at all. Light is not seen as it is

in the beams, but as it is thence reflect

ed to our eyes. For vision is not made

but by rays falling upon the eyes ; and

therefore there must be some reflecting

matter in those parts where the tails of

Comets are seen ; and so the argument

turns upon the third opinion. For that

reflecting matter can be no where found

but in the place of the tail, because

. otherwise, since all the celestial spaces

are equally illuminated by the Sun's

light, no part of the heavens could ap

pear with more splendour than another.

The second opinion is liable to many

difficulties. The tails of Comets are ne*

ver seen variegated with those colours,

which ever use to be inseparable from

refraction. And the distinct transmission

of the light of the fixed Stars and Pla

nets to us, is a demonstration that the

Æther or celestial medium is not endow

ed with any refractive power. For as

to what is alledged that the fixed Stars

I have
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have been sometimes seen by the Egyp

tians-, environed with a coma or capil-

litium, because that has but rarely hap

pened, it is rather to be ascribed to a

casual refraction of clouds, as well as

the radiation and scintillation of the fix

ed Stars to the refractions both of the

eyes and air. For upon applying a te

lescope to the eye, those radiations and

scintillations immediately disappear. By

the tremulous agitation of the air and

ascending vapours, it happens that the

rays of light are alternately turned aside

from the narrow space of the pupil of

the eye; but no such thing can have

place in the much wider aperture of the

object-glass of a telescope. And hence

it is, that a scintillation is occasioned

in the former case, which ceases in the

latter. And this cessation in the latter

case is a demonstration of the regular

transmission of light through the hea

vens without any sensible refraction.

But to obviate an objection that may be

made from the appearing of no tail in

such Comets as shine but with a faint

light, as if the secondary rays were then

too weak to affect the eyes, and for this

reason it is that the tails of the fixed

Stars do not appear ; we are to con

sider, that by the means of telescopes

the light of the fixed Stars may be aug

mented
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merited above an hundred fold, and yet

no tails are seen. That the light of the

Planets is yet more copious without any

tail, but that Comets are seen some

times with huge tails, when the light of

their heads is but faint and dull. For

so it happened in the Comet of the year

1680, when in the month of 'December

it was scarcely equal in light to the

Stars of the second magnitude, and yet

emitted a notable tail, extending to the

length of 400, 500, 6o°, or 700, and

upwards; and afterwards on the 27th

and 28th of January, the head ap

peared but as a Star of the 7th magni

tude ; but the tail *(as was said above)

though faint, was stretched out to 6 or

7 degrees in length, and with a languish

ing light, that was more difficultly seen,

even to L20 and upwards. But on the

9th and 10th of February, when to the

naked eye the head appeared no more,

I saw through a telescope, the tail of

20 in length. But further, if the tail

was owing to the refraction of the ce

lestial matter, and did deviate from the

opposition of the Sun, according as

the figure of the heavens requires ,

that deviation, in the same places of the

heavens, should be always directed to

wards the same parts. But the Comet

with a light* that was sensible

 

I 2 of
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of the year 1680, December 28 d 8ih

P. M. at London was seen in Pisces

8° 4 1' with latitude north 280 6', while

the Sun was in Capricorn 180 26'. And

the Comet of the year 1577, Decem

ber 29, was in Pisces 8° 41', with la

titude north 2 8° 40', and the Sun as be

fore in about Capricorn 18° 26'. In

both cases the situation of the Earth

was the same, and the Comet appeared

in the same place of the heavens; yet

in the former case the tail of the Co

met (as well by my observations as

by the observations of others) devi

ated from the opposition of the Sun

towards the north by an angle of 4 ^

degrees, whereas in the latter there

was (according to the observation ot

Tycho) a deviation of 21 degrees to

wards the south. The refraction there

fore of the heavens being thus dispro

ved, it remains that the phænomena of

the tails of Comets must be derived from

[#] some reflecting matter. That vapours

sufficient to fill such immense spaces

may arise from the Comets atmospheres,

may be easily understood by what fol

lows.

It
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I t is well known that the air near the p- 166-

surface of our Earth possesses a space about

1200 times greater than water That the air and

of the same weight. And there- vapour in the ceiesti-

fore a cylindric column of air SJgSi «rity°: and

1 200 feet high,' is of equal that a small quantity

weight with a cylinder of wa- of vapourmay be sof-

0 ' , , . ficient to explain all

ter or the same breadth, and the phenomena of

but one foot high. But a Cy- the tails of Comets,

linder of air reaching to the* top of the

atmosphere is of equal weight with a

Cylinder of water about 3 3 foot high ;

and therefore if from the whole cylin

der of air the lower part of 1 200 foot

high is taken away, the remaining up

per part will be of equal weight with a

cylinder of water 3 2 foot high. Where

fore at the hight of 1200 feet, or two

furlongs, the weight of the incumbent

air is less, and consequently the rarity

of the compressed air greater than near

the surface of the Earth in the ratio of

33 to 32. And having this ratio, we

may compute the rarity of the air in all

places whatsoever (by the help of Cor.

'Prop. 2. Book II.) supposing the expan

sion thereof to be reciprocally propor

tional to its compression ; and this pro

portion has been proved by the experi

ments of Hook and others. The result

of the computation I have set down in

the following table, in the first column

I 3 of
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of which you have the hight of the air

in miles, whereof 4000 make a semi-dia

meter of the Earth ; in the second the

compression of the air, or the incumbent

weight ; in the third its rarity or ex

pansion, supposing gravity to decrease

in the duplicate ratio of the distances

from the Earth's center. And the Latin

numeral characters are here used for cer

tain numbers of cyphers, as o,xvii 1 2 24

for 0,000000000000000001224, and

26956XV for 26956000000000000000.

A I R'S.

Hight. Compression. Expansion.

0 33 1

5 17,8515 1,8486

10 9,6717 3,41 5 1

20 2,852 n,57l

40 0,2525 136,83

400 o,xvii 1224 26956 XV

4000 o,cv 4465 71907 cii

40006 o,cxcii 1628 20263 clxxxix

400000 o,ccx7895 41798 ccvii

4000000 o,ccxii 9878 3 34i4ccix

Infinite. o,ccxii 6041 54622 ccix

But from this table it appears that the

air, in proceeding upwards, is rarified in

such manner, that a sphere of that air

which is nearest to the Earth, of but one

inch
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inch in diameter, if dilated with that

rarefaction which it would have at the

hight of one semidiameter of the Earth,

would fill all the planetary regions as far

as the sphere of Saturn, and a great way

beyond ; and at the hight of ten semi-

diameters of the Earth would fill up

more space than is contained in the

whole heavens on this side the fixed Stars,

according to the preceding computation

" of their distance. And though by rea

son of the far greater thickness of the at

mospheres of Comets, and the great quan

tity of the circumsolar centripetal force,

it may happen that the air in the celestial

spaces, and in the tails of Comets, is not

so vastly rarified ; yet from this compu

tation it is plain, that a very small quan

tity of air and vapour is abundantly suffi

cient to produce all the appearances of the

tails of Comets. For that they are indeed

of a very notable rarity appears from the

shining of the Stars through them. The

atmosphere of the Earth, illuminated by

the Sun's light, though but of a few miles

in thickness, obscures and extinguishes the

light, not only of all the Stars, but even

9s the Moon itself ; whereas the smallest

Stars are seen to shine through the im

mense thickness of the tails of Comets,

likewise illuminated by the Sun, without

the least diminution of their splendor. [%3

1+ KET-
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p. 369. K ET L E R ascribes the ascent of

* the tails of Comets to the at-

d^SSdfSZS mospheresof their heads, and

may arise from the their direction towards the parts

atmospheres of their oppoflte to me Sun, to the acti-

heads. rf . , ' v ,

on of the rays of light carry

ing along with them the matter of the

Comets tails. And without any great

incongruity we may suppose that, in so

free spaces, so fine a matter as that of

the Æther may yield to the action of

the rays of the Sun's light, though those

rays are not able sensibly to move the

gross substances in our parts, which are

clogged with so palpable a resistance.

Another author thinks that there may be

a sort of particles of matter endowed with

a principle of levity as well as others are

with a power of gravity ; that the mat

ter of the tails of Comets may be of

the former sort, and that its ascent from

the Sun may be owing to its levity.

But considering the gravity of terrestrial

bodies is as the matter of the bodies,

and therefore can be neither more nor

less in the same quantity of matter, I

am inclined to believe that this ascent

may rather proceed from the rarefaction

of the matter of the Comets tails. The

ascent of smoak in a chimney is owing

to the impulse of the air, with which

it is intangled. The air rarified by heat

ascends,
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ascends, because its specifick gravity is

diminished, and in its ascent carries

along with it the smoak with which it

is ingaged. And why may not the tail

of a Comet rise from the Sun after the

same manner ? For the Sun's rays do not

act any way upon the mediums which

they pervade, but by reflection and re

fraction. And those reflecting particles

heated by this action, heat the matter of

the Æther which is involved with them.

That matter is rarefied by the heat

which it acquires, and because by this

rarefaction the specifick gravity, with

which it tended towards the Sun before,

is diminished, it will ascend therefrom

like a stream, and carry along with it

the reflecting particles of which the tail

of the Comet is composed; the impulse [#]

of the Sun's light, as we have said,

promoting the ascent.

But that the tails of Comets do arise p. 364.

from their heads and tend to-

wards the parts opposite to the

Sun, is further confirmed from atmospheres, proved

the laws which the tails ob- from several of their

_ . . . . . . phenomena.

serve. For lying in the plains

of the Comets orbits which pass through

the Sun, they constantly deviate from

the opposition of the Sun, towards the

parts which the Comets heads in their

progress
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progress along those orbits have left.

And to a spectator placed in those plains,

they appear in the parts directly oppoiite

to the Sun. But as the spectator re

cedes from those plains, their deviation

begins to appear, and daily becomes

greater. And the deviation cæteris

paribus appears less, when the tail is

more oblique to the orbit of the Comet,

as well as when the head of the Comet

approaches nearer to the Sun ; especial-

ly if the angle of deviation is estimated

near the head of the Comet. Farther,

the tails which have no deviation appear

streight, but the tails which deviate are

likewise bended into a certain curvature.

And this curvature is greater when the

deviation is greater ; and is more sen-

i sible when the tail cæteris paribus is

longer : for in the shorter tails the cur

vature is hardly to be perceived. And

the angle of deviation is less near the

Comet's head, but greater towards the

other end of the tail, and that because

the lower side of the tail regards the

parts from which the deviation is made,

and which lie in a right line, drawn

out infinitely from the Sun through the

Comet's head. And the tails that are

lonser and broader, and shine with a

stronger light, appear more resplendent

and more exactly defined on the convex

than
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than on the concave side. Upon which

accounts it. is plain that the phænomena

of the tails of Comets depend upon the

motions oftheir heads, and by no means

upon the places of the heavens in which

their heads are seen ; and that therefore

the tails of the Comets do not proceed

from the refraction of the heavens, but

from their own heads, which furnish

the matter that forms the tail. For as

in our air the smoak of a heated body

ascends either perpendicularly, ifthe body

is at rest, or obliquely, if the body is

moved obliquely ; so in the heavens,

where all the bodies gravitate towards

the Sun, sinoak and vapour must (as we

have already said) ascend from the Sun,

and either rise perpendicularly if the

smoaking body is at rest, or obliquely if

the body, in the progress of its motion,

is always leaving those places from which

the upper or higher parts of the vapours

had risen before. And that obliquity

will be less, where the vapour ascends

with more velocity, to wit, near the

smoaking body when that is near the

Sun. For there the force of the Sun by

which the vapour ascends is stronger.

But because the obliquity is varied, the

column of vapour will be incurvated ;

and because the vapour in the preceding

2 side
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side is something more recent, that is,

has ascended something more lately from

the body, it will therefore be something

more dense on that side, and must on

that account reflect: more light as well

as be better defined ; the vapour on the

other fide languishing by degrees and

[#] vanishing out. of light.

B u t it is none of our present business

_, _ .to explain the causes of the ap-
That Comets do 1 ~ _ . \-

sometimes descend be- pearances of nature. Let thole

low the orbit of Mer- things Which we have last said

Staiisr°Ved fr°m be true or false, we have at least

made out in the preceding dis

course, that the rays of light are direct

ly propagated from the tails of Comets

in right lines through the heavens, in

which those tails appear to the spectators

where-ever placed ; and consequently

the tails must ascend from the heads of

the Comets towards the parts opposite

to the Sun. And from this principle

we may determine anew the limits of

their distances in manner following.

Let S represent the Sun, T the Earth,

STA the elongation of a Comet from

the Sun, and ATB the apparent length

of its tail. And because the light is

propagated from the extremity of the tail

in the direction of the right line TB.}
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that extremity must lie somewhere in

the line TB. Suppose it in D, and join

DS cutting TA in C. Then because

the tail is always stretched out towards

the parts nearly opposite to the Sun ;

*.and therefore the Sun, the head of the

Comet, and the extremity of the tail lie

in a right line, the Comet's head will be

found in C. Parallel to TB draw SA,

 

T

meeting the line TA in A, and the Co

met's head C must ' necessarily be found

between T and A , because the extre

mity of the tail lies somewhere in the

infinite line TB ; and all the lines SD

which can possibly be drawn from the

point S to the line TB, must cut the

line TA somewhere between T and A.

Where
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Wherefore the distance of the Comet

from the Earth cannot exceed the inter

val TA, nor its distance from the Sun

the interval SA beyond, or ST on this

side the Sun. For instance, the elonga

tion of the Comet of 1680 from the Sun

T>ec. 12. was 90 and the length of its

tail 350 at least. If therefore a triangle

TSA is made, whose angle T is equal to

the elongation 90 and angle A equal to

ATB, or to the length of the tail, viz.

3 5° then SA will be to ST, that is, the

limit of the greatest possible distance of

the Comet from the Sun, to the semi-

diameter of the orbis magnus, as the

sine of the angle T to the sine of the

angle A, that is, as about 3 to 1 r . And

therefore the Comet at that time was

less distant from the Sun than by tt of

the Earth's distance from the Sun, and

consequently either was within the orb

of Mercury, or between that orb and

the Earth. Again, Dec. 2 1 . the elon

gation of the Comet from the Sun was

.32^, and the length of its tail jo°.

Wherefore as the sine of szoir to the

sine of 700, that is, as 4 to 7, so was the

limit of the Comet's distance from the

Sun to the distance of the Earth from

the Sun, and consequently the Comet

had not then got without the orb of

Venus.
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Venus. 'Dec. 28. the elongation of the

Comet from the Sun was 550 and the

length of its tail 5 6°. And therefore the

limit of the Comet's distance from the

Sun was not yet equal to the distance

of the Earth from the same, and conse

quently the Comet had not then got

without the Earth's orbit. But from its

parallax we find that its egress from the

orbit happened about Jan. 5, as -well as

that it had descended far within the or

bit of Mercury. Let us suppose it to

have been in its perihelion 'Dec. the 8th

when it was in conjunction with the

Sun, and it will follow that in the jour

ney from its perihelion to its exit out

of the Earth's orbit, it had spent 28.

days ; and consequently that in the 26

or 27 days following, in which it ceased

to be further seen by the naked eye, it

had scarce doubled its distance from the

Sun. And by limiting the distances of

other Comets by the like arguments, we

come at last to this conclusion, That all

Comets during the time in which they

are visible by us, are within the com

pass of a spherical space described about

the Sun as a center, with a radius dou

ble, or at most triple of the distance of

the Earth from the Sun.

And
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And hence it follows that the Co-^

That the Comets mets, during the whole time of

move in conic sccti- their appearance unto us, being

cus in th?fenter of within the sphere of activity of

the Sun, and by ra- the circum-solar force, and there^

£S35S£^ fo« agitated by the impulse of

proportional to the that force, will ( by Cor. I.

times* Prop. 13. for the same reason

as the Planets ) be made to move in conic

sections that have one focus in the center

of the Sun, and, by radii drawn to the

Sun, to describe area's proportional to

T#J the times. For that force is propagated

to an immense distance, and will govern

the motions of bodies far beyond the

orbit of Saturn.

p. 33*. There are three hypotheses about

That those conic Comets. For some will have

sections are near to jt mat mey are generated and

parabola's, proved .,, r 1
from the velocity of perish , as often as they ap-

the comets. pear and vanish ; others, that

they come from the regions of the fix

ed Stars, and are seen by us in their

passage through the system of our Pla

nets ; and lastly, others that they are

bodies perpetually revolving about the

Sun in very eccentric orbits. In the first

case, the Comets, according to their

different velocities, will move in conic

sections of all sorts ; in the second they

will
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will describe hyperbola's, and in either

of the two will frequent indifferently

all quarters of the heavens as well

those about the poles as those towards

the Ecliptic ; in the third their motions

will be performed in ellipses very ec

centric and very nearly approaching to

parabola's. But (if the law of the Pla

nets is observed) their orbits will not

much decline from the plain of the

Ecliptic. And so far as I could hitherto

observe the third case obtains. For the

Comets do indeed chiefly frequent the

zodiac and scarce ever attain to a helio

centric latitude of 400. And that they

move in orbits very nearly parabolical,

I infer from their velocity. For the ve

locity with which a parabola is descri

bed, is every where to the velocity with

which a Comet or Planet may be revol

ved about the Sun in a circle at the

same distance, in the subduplicate ratio

of 2 to 1. {by Cor. 7- 'Prop. 16.) And

by my computation the velocity of

Comets is found to be much about the

same. I examined the thing by infer

ring nearly the velocities from the di

stances, and the distances both from the

parallaxes and the phænomena of the

tails, and never found the errours of

excess or defect in the velocities greater

than what might have arose from the

K errours
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errours in the distances collected aster

that manner. But I likewise made use

of the reasoning that follows".

Supposing 'the radius of the orbis

in what space of magnus to be divided into i ooo

time Comets descri- parts : Let the numbers in the

SfSi^ nrst column of the following

the sphere of the or- table represent the distance of

bis magnus. the vertex cf the parabola from

the Sun's center, expressed by those

parts; and a Comet in the times ex

pressed in Col. 2. will pass from its pe

rihelion to the surface of the sphere

which is described about the Sun as a

center with the radius of the orbis mag

nus ; and in the times expressed in Col.

3, 4, and it will double, triple, and

quadruple that its distance from the

Sun.

Table

 



OFT H£ WORLD. i

Table I.

The di

stance of

a Comet's

perihelion

from the

Sun's cen

ter.

The time of a Comet's passage from its pe

rihelion to a distance from the Sun equal to

r -\

The rad.

of the or-

bis mag.

To its

double.

To its

triple.

To its

quadruple.

i. h. 1. d. h- ' '. d. h. 1. d. h. i„

t 27 j 1 12 77 16 28 141 «7 «4 219 17 30

5 27 16 07 77 »3 14

IO 27 21 00 78 06 24

to 28 06 40 78 20 13 144 03 19 221 08 54

40 19 01 32 79 *3 34

80 30 13 25 8z 04 56

160 33 0$ 29 86 10 26 153 16 08 232 ti 26

310 37 '3 46 93 »3 3*

640 37 09 49 105 01 28

1186 106 0<S 35 200 06 43 197 03 46

2560 147 22 31 300 06 03

[This table, here corrected, is made on the supposi

tion that' the Earth's diurnal motion is just s9'j

and the measure of one minute loosely 0,2909,

in respect of the radius 1000. If those measures

are taken true, the true numbers of the table will

all come out less. But the difference, even when

freatest, and to the quadruple ofthe Earth's distance

rom the Sun, amounts only to 16 h. 55'.]

The
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The time of a Comet's in

gress into the sphere of the or

bis magnus, or of its egress

from the same may be inferred

nearly from its parallax, but with more

expedition by the following

Table II.

At what time Comets

enter into and pass

out of the sphere of

the orbis magnus.

The apparent

elongation of

a Comet from

the Sun.

Its apparent

nal motion

own orbit.

diur-

in its

Its distance from

the Earth in parts,

whereofthe radius

of the orbis mag

nus contains 1 000.

Direct. Retrog.

6o° 7° 18' oo° 10' 1000

65 X 83 CO JS 845

70 X ?5 po 57 6S4

7* 3 07 01 09 618

74 3 »3 01 15 551

76 i 43 01 45 484

78 4 to 02 12 416

80 4 17 02 49 347

82 5 45 03 47 278

84 7 18 05 20 109.

86 '10 *7 08 ?9 140

88 18 17 16 39 70

90 Infinite Infinite CQ

The ingress of a Comet into the

sphere of the orbis magnus, or

thTSiSSSS its egress from the same happens

passed through the at the time of its elongation

sphere of the orbis from fa gnn> expressed in Col.

magnus. ^ against its diurnal motion.

So
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So in the Comet of i681, Jan. 4. O.S.

the apparent diurnal motion in its orbit

was about 30 5' and the correspond

ing elongation 7 1 V . And the Comet

had acquired this elongation from the

Sun Jan. 4, about six in the evening.

Again, in the year 1680, November 11,

the diurnal motion of the Comet that

then appeared, was about 4^°, and the

corresponding elongation 79 s happened

Nov. 10, a little before mid-night. Now

at the. times named these Comets had

arrived at an equal distance from the

Sun with the Earth, and the Earth was

then almost in its perihelion. But the

first table is fitted to the Earth's mean

distance from the Sun assumed of 1000

parts ; and this distance is greater by

such an excess of space as the Earth

might describe, by its annual motion,

in one day's time, or the Comet, by its

motion, in 16 hours. To reduce the

Comet to this mean distance of 1000

parts we add those 16 hours to the for

mer time, and subduct them from the

* latter 3 and thus the former becomes

Jan. 4d ioh after noon, the latter

Nov. 1 o, about six in the morning. But

from the tenour and progress of the

diurnal motions it appears that both Co

mets were in conjunction with the Sun

between T)ec. 7. and Dec. 8. And

K 3 from
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from thence to Jan. 4d 10^ afternoon

on one side, and to Nov. iod 6h of

the morning on the other, there are

about 28 days. And so many days

( by Table 1 . ) the motions in parabolic

trajectories do require.

But though we have hitherto con

sidered those Comets as two,

That these were not yet from the coincidence of

two, but one and ... -i i- j
the same Comet, in their perihehons and agreement

what orbit and with of their velocities, it is proba-

Smett^'arS that in effect they were.but

through the heavens one and the same. And if so,

described more ex- the Qf ^ Comet must

3 Y' • have either been a parabola or

at least a conic section very little differ

ing from a parabola, and at its vertex

almost in contact with the surface of the

Sun. For by Tab. 2. the distance of the

Comet from the Earth Nov. 1 o, was a-

bout 360 parts, and Jan. 4, about 630.

From which distances, together with its

longitudes and latitudes, we infer the di

stance of the places in which the Comet

was at those times, to have been about

280 : the half of which, viz. 140 is an

ordinate to the Comet's orbit, cutting

off a portion of its axe nearly equal to

the radius of the orbis magnus, that is to

1 oco parts. And therefore dividing the

square of the ordinate 140 by 1000 the

segment
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segment of the axe, we find the latus re

ctum 19,16, or in a round number 20 ;

the fourth part whereof 5 is the di

stance of the vertex of the orbit from

the Sun's center. But the time corre

sponding to the distance of 5 parts in

Tab. 1. is 27d i6h 7'. In which time,

if the Comet moved in a parabolic or

bit, it would have been carried from

its perihelion to the surface of the sphere

of the orbis magnus described with the

radius 1000, and would have spent the

double of that time, viz. 5 5d 8+h in

the whole course of its motion within

that sphere : And so in fact it did. For

from Nov. iod 6h of the morning,

the time of the Comet's ingress into the

sphere of the orbis magnus, to Jan. 4d

io11 after noon, the time of its egress

from the fame, there are 5 5d i6h. The

small dirFcrance of 7*^ in this rude

way of computing is to be neglected,

and perhaps may arise from the Comet's

motion being some small matter flower,

as it must have been if the true orbit

in which it was carried was an ellipse.

The middle time between its ingress

and egress was 'December 8d 2h of the

morning. And therefore at this time

the Comet ought to have been in its

perihelion. And accordingly that very

day, just before Sun-rising, Dr. Halley

K 4 (as
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(as we said) saw the tail short and broad,

but very bright, rising perpendicularly

from the horizon. From the position

of the tail, it is certain that the Comet

had then crossed over the Ecliptic, and

got into north-latitude, and therefore had

passed by its perihelion which lay on the

other side of the Ecliptic, though it had

not yet come into conjunction with the

see mere of Sun. And the Comet, being at this

coler0"5 timc between its perihelion and its con-

from Pag. junction with the Sun, must have been

p**}6i *n *ts Pcrine^on a few hours before. For

v'oi. li. in so near a distance from the Sun it

M:!th-. must have been carried with great velo-

uncip. have apparently described al

most half a degree every hour.

B Y . like computations I find that the

. , , , . Comet of 1 6 1 8 entered the
With what velocity

Comets are carried, sphere of the orbis magnus De-

fhewed by more ex- cember 7, towards Sun-setting,

ample.. But ks Conjunction with the

Sun was Nov. 9, or 10, about 28 days

intervening, as in the preceding Comet.

For from the size of the tail of this, in

which it was equal to the preceding, it

is probable that this Comet likewise did

come almost into a contact with the

Sun. Four Comets were seen that year,

of which this was the last. The second,

which made its first appearance Octo

ber
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her 31, in the neighbourhood of the

rising Sun, and was soon after hid under

the Sun's rays, I suspect to have been

the same with the fourth, which emer- .

ged out of the Sun's rays about Nov. 9-

To these we may add the Comet of

1607, which entered the sphere of the

orbis magnus Sept. 14. OS. and arrived

at its perihelion-distance from the Sun

about October 19, 3 5 days intervening.

Its perihelion-distance subtended an ap

parent angle at the Earth of about 23

degrees, and was therefore of 3 90 parts.

And to this number of parts about 34

days correspond in Tab. 1. Further,

the Comet of 1665 entered the sphere of

the orbis magnus about March 1 7, and

came to its perihelion about April 16,

30 days intervening. Its perihelion-

distance subtended an angle at the Earth

of about seven degrees, and therefore

was of 122 parts : and corresponding

to this number of parts, in Tab. 1. we

find 30 days. Again, the Comet of

1682 entered the sphere of the orbis

magnus about Aug. 1 1 , and arrived at

its perihelion about Sept. 1 6, being then

distant from the Sun by about 350

parts, to which, in Tab. 1. belong 3 3^

days. Lastly, that memorable Comet

of Regiomontanus, which in 1472 was

carried through the circum-polar parts

of
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of our northern hemisphere with such

rapidity as to describe 40 degrees in one

day, entered the sphere of the orbis

* magnus Jan 2 1 . about the time that it

was passing • by the pole, and hastening

from thence towards the Sun, was hid

under the Sun's rays about the end of

February. Whence 'tis probable that

30 days or a few more were spent be

tween its ingress- into the ' sphere of the

orbis magnus and its perihelion. Nor

did this Comet truly move with more

velocity than other Comets, but owed

the greatness of its apparent velocity

to its passing by the Earth at a near

distance.

Page 340. It appears then that the velocity of

The investigation Comets, so far as it can be de-

of the trajedory of termined by these rude ways of

comets proposed. compUting) iS that very velo

city with which parabola's, or ellipses

near to parabola's, ought to be descri

bed. And therefore the distance between

a Comet and the Sun being given, the

velocity of the Comet is nearly given,

And hence arises this problem,

PRO-



OI THE WORLD. i

PROBLEM.

The relation betwixt the velo

city of a Comet, and its di

stancefrom the Suns center

being given, the Comess tra-

jetlory is required.

•

If this problem was resolved, we

should thence have a method of deter

mining the trajectories of Comets to the

greatest accuracy. For if that relation

be twice assumed, and from thence the

trajectory be twice computed, and the

errour of each trajectory be found from

observations, the assumption may be

corrected by the Rule of False, and a

third trajectory may thence be found

that will exactly agree with the obser

vations. And by determining the tra

jectories of Comets after this method,

we may come at last to a more exact

knowledge of the parts through which

those bodies travel, of the velocities

with which they are carried, what sort

of trajectories they describe, and what

are the true magnitudes and forms of

their tails according to the various di

stances of their heads from the Sun ;

1 whether
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- I

whether after certain intervals of time,

the fame Comets do return again, and

in what periods they compleat their

several revolutions. But the problem

may be resolved by determining first the

hourly motion of a Comet to a given

time from three or more observations,

and then deriving the trajectory from

this motion. And thus the invention

of the trajectory, depending on one ob

servation and its hourly motion at the

time of this observation, will either con

firm or disprove it self. . For the con

clusion that is drawn from the motion

only of an hour or two and a false hy

pothesis, will never agree with the mo

tions of the Comets from beginning to

end. The method of the whole compu

tation is this.

LE M
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I

LEMMA I.

To cut two right lines OR, TT

given in position, hy Lemma> r

a thirdright line RT, mised to the soiu-

so as TRP may le a £°n. of the Pro-

right angle, and, if em"

another right line ST is

drawn to any given point S,

the solid contained under

this line ST and the square

of the right line OR termi

nated at a given point O,

may he of a given mag;

nitude.

It is done by linear description, thus.

Let the given magnitude of the solid be

M* x N. From any point r of the right

line OR erect: the . perpendicular rp

meeting TP in p. Then through the

points draw the line Sq equal to

M'yN

— r. In like manner draw three or

Or

more right lines Szq, Siq, &c And

a regular line qzqiq drawn through all

the points qzqiq, &c. will cut the

right



OF THE SYSTEM

right line TP in the point P, from

which the perpendicular PR is to be

let fall. E. F.

 

By trigonometry thus. Afluming the

right line TP as found by the preceding

method, the perpendiculars TR, SB in

the triangles TPR, TPS will be thence

given, and the side SP in the triangle

M*xN
SBP, as well as the errour ■ ** z -SP.

UJv

Let this errour, suppose D, be to a new

errour, suppose E, as the errour xp2q

i3j>3q to the errour 2t>sj>; or as the

errour 2pzq +D to the errour xp? ;

and this new errour added to or sub

ducted from the length TP will give the

correct length TP ± E. The inspection

of the figure will shew whether we are

to
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to add or to subtract. And if at any

time there should be use for a further

correction, the operation may be re

peated.

By arithmetic thus. Let us suppose

the thing done, and let TP + e be

the correct length of the right line

TP as found out by delineation ; and

thence the correct lengths of the lines

TR

OR, BP and SP will be OR — 4~e,

BP + e, and VSP2 + 2 BP* + eeM2 N

OR2 -f %OK + TR . TR1

1 ! e-\- ee.

TP " ^ TP

Whence by the method of converging

BP SB*

eries,we have SP -f- —e + ee, &c

_M'N 2TR M'N 3TR'

— OR* f- JP ~OR? ™ TP"

^r^r ee, &c. For the given co-efficients

OR

M*N cP2TB- M'N BP,3TRV

M1 N SB* . - F F

"OB? - 2SP ' pUttmS F' G' GH' and

carefully observing the signs, we find

F F ee

Whence
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Whence, neglecting the very small

term e—> e comes out equal to — G.

H

e* .

If the errour — , is not despicable,

G*

take — G — — =z e.

rl

And it is to be observed, that here a

general method is hinted at for solving

the more intricate sort of problems, as

well by trigonometry as by arithmetic,

without those perplexed computations

and resolutions of affected equations,

which hitherto have been in use*

LEMMA H.

To cut three right lines given

in position by a fourth right

line that Jhall pafi through

a point aligned in any ofthe

three, and Jo as its inter

cepted parts Jball be in a

given ratio one to the other.

Let AB, AC, BC be the right lines

given in position, and suppose D to be

the



OF THE WORLD.

the given point in the line AC. Parallel

to AB draw DG meeting BC in G. And,

 

taking GF to BG in the given ratio,

draw FDE ; and FD will be to DE as

FG to BG. Q^E. F.

By trigonometry thus. In the trian

gle CGD, all the angles and the side CD

are given, and from thence its remain

ing fides are found ; and from the given

ratio's, the lines GF and BE are also

given.

LEMMA III.

To find and represent a

linear description the hourly

motion of a Comet to any

given time.

From observations of the best credit,

let three longitudes of the Comet be

given, and supposing ATR, RTB to be

their differences ; let the hourly motion

be required to the time of the middle

L obscr
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observation TR. By Lent. II. draw the

right line ARB, so as its intercepted

parts AR, RB may be as the times be

tween the observations. And if we

suppose a body in the whole time to

describe the whole line AB with aa

 

T

equal motion, and to be in the mean

time viewed from the place T, the ap

parent motion of that body about the

point R, will be nearly the same with

that of the Comet at the time of the

observation TR.

The fame more accurately.

Let Ta, Ib be two longitudes given

at a greater distance on one side and on

the other ; and by Lem. II. draw the

right line aKif so as its intercepted parts

aR, Ri> may be as the times between

the
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the observations *zTR, RT£. Sup

pose this to cut the lines TA, TB in D

and E. And because the errour of the

inclination TKa increases nearly in the

duplicate ratio of the time between the

observations, draw FRG, so as either the

angle DRF may be to the angle ARF,

or the line DF to the line AF, in the

duplicate ratio of the whole time be

tween the observations aTB to the

whole time between the observations

ATB, and use the line thus found FG

in place of the line AB found above.

It will be convenient that the angles

ATR, RTB, aTA, BT£ be no less

than of ten or fifteen degrees, the times

corresponding no greater than of eight

or twelve days, and the longitudes ta

ken when the Comet moves with the

greatest velocity. For thus the errours

of the observations will bear a less pro

portion to the differences of the longi

tudes.

LEMMA IV.

ToJind the longitudes of a Co

met to any given times.

It is done by taking, in the line FG,

the distances Rr, Rp proportional to

the times, and drawing the lines Tr,

Tp. The way of working by trigono

metry is manifest.

I, 2 LEM
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LEMMA V.

To find the latitudes.

On TF, TR, TG, as radius's, at right

angles erect Tf, RP, Gg- tangents of

the observed latitudes ; and parallel to

fg draw PH. The perpendiculars rpy

par, meeting PH, will be the tangents of

the sought latitudes to Tr and Tp as

radius's.

PROBLEM. I.

From the ajjumed ratio of the

The problem velocity to determine the

resolved. traje&ory of a Comet.

Let S represent the Sun, ?,T,t three

places of the Earth in its orbit at equal

 

distances, ^,P,-sr as many corresponding

places of the Comet in its trajectory, so

as the distances interposed betwixt place

and
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and place may answer to the motion of

one hour } pr, PR, *nrp, perpendiculars

let fall on the plain of the ecliptic, and

rKff the vestige of the trajectory in

this plain. Join S^, SP, Sar, SR, ST,

tr, TR, -rp, TP ; and let tr, rp meet

in O, TR will nearly converge to the

same point O, or the errour will be in

considerable. By the premised lemma's,

the angles rOR, ROp are given, as

well as the ratio's pr to tr, PR to TR,

and *arp to Tp. The figure ?TtO is

likewise given, both in magnitude and

position, together with the distance ST

and the angles STR, PTR, STP. Let

us assume the velocity of the Comet, in

the place P, to be to the velocity of a

Planet, revolved about the Sun in a cir

cle, at the same distance SP, as V to i ,

and we shall have a line pV,sr to be de

termined, of this condition, that the

space psr, described by the Comet in

two hours, may be to the space V X tr

that is, to the space which the Earth

describes in the same time multiplied by

the number V) in the subduplicate ratio

of ST, the distance of the Earth from

the Sun, to SP the distance of the Comet

from the Sun ; and that the space pP,

described by the Comet in the first hour,

may be to the space P-ar described by the

Comet in the second hour, as the velo-

i city



ijO OFTHE SYSTEM

city in p, to the velocity in P, that is,

in the hibduplicate ratio of the distance

SP to the distance Sj>, or in the ratio

of zSp, to SP 4- For in this whole

work I neglect small fractions that can

produce no sensible errour.

In the first place then, as mathema

ticians in the resolution of affected equa

tions, are wont, for the first essay, to

assume the root by conjecture, so, in

this analytical operation, I judge of the

sought distance TR, as I best can by

conjecture. Then by Lem. II. I draw

rp, first supposing rR equal to Rp, and

again (after the ratio of SP to Sp is

discovered ) so as rR may be to Rp, as

2SP to SP -f* Sjfr, and I find the ratio's

of the lines pur, rp and OR one to the

other. Let M be to V X tr as OR to

fur ; and because the square of pw is

to the square of V X tr, as ST to SP,

we shall have ex æquo OR1 to M1 as

ST to SP, and therefore the solid OR1

X SP equal to the given solid Mz x ST.

Whence (supposing the triangles STP,

PTR to be now placed in the same

plain) TR, TP, SP, PR will be given

by Lem. I. AU this I do, first by de

lineation in a rude and hasty way, then

by a new delineation with greater care,

and lastly, by an arithmetical compu

tation. Then I proceed to determine

1 the
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the position of the lines rp, pur with

the greatest accuracy, together with the

nodes arid inclination of the plain Sp*sr

to the plain of the ecliptic ; and in that

plain Spur, I describe the trajectory in

which a body let go from the place P in

the direction of the given right linear,

would be carried with a velocity that is

to the velocity of the Earth, as pur to

V-X.tr. QJ..1.

PROBLEM H.

To corred the ajjumed ratio

of the velocity and the tra-

jeclory thence found.

Take an observation of the Comet

about the end of its appearance, or any

other observation at a very great di

stance from the observations used before,

and find the intersection of a right line

drawn to the Comet, in that observa

tion, with the plain S^ar, as well as

the Comet's place in its trajectory to

the time of the observation. If that in

tersection happens in this place; it is a

proof that the trajectory was right de

termined. If otherwise, a new number

V is to be assumed, and a new trajectory

to be found, and then the place of the

Comet in this trajectory to the time of

that
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that probatory observation, and the in

tersection, of a right line drawn to the

Comet, with the plain of the trajectory,

are to be determined as before. And by

comparing the variation of the errour

with the variation of the other quan

tities, we may conclude, by the Rule

of Three, how far those other quantities

ought to be varied or corrected, so as the

errour may become as small as possible.

And by means of these corrections we

may have the trajectory exactly, pro

viding the observations, upon which the

computation was founded, were exact,

and that we did not err much in the as

sumption of the quantity V ; for if we

did, the operation is to be repeated till

the trajectory is exactly enough deter

mined. Q^E. F.

FINIS.











 



 


