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T may be proper to acquaint the Reader, 
that we have in this Edition added, in the 

Margin, References to the Engli/h "Vranflation 
of the Principia lately publifhed, directing to 
the feveral Pages in that Tranflation, where 
the Things here treated of are proved: And 
that the Afterisk in the Margin is defigned to 
fhew how far the Difcourfe in the Principia is 
the fame with what is found in this Treatife, 
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From Sir YsaaAc NEWTON 5 
Mathematical Principles, 
Lib. UL. Introd. 

N the preceding books I have 
[ laid down the principles of 

philofophy ; principles, not 
philofophical, but mathematical ; 
fuch, to wit, as we may build our 

— reafonings upon in philofophical 
enquiries. Thefe principles are 
the laws and conditions of certain 
motions, and powers or forces, 
which chiefly have refpect to phi- 
lofophy. But left they fhould 
have appeared of themfelves dry 

^ and barren, I have illuftrated 
them here and there with fome 
philofophical {choliums, giving 
an account of fuch things as 
are of more general nature, and 
which philofophy feems chiefly 
to be founded on ; fuch as the 
denfity and the refiftance of bo- - 
dies, fpaces void of all bodies, 
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and the motion of light and 
founds. It remains, that from 
the fame principles I now demon- 
{trate the frame of theSysTEM 
oftheWonr»p. Upon this fub- 
je&, I had indeed compofed the 
third book in a popular method, 

. that it might be read by many : 
but afterwards confidering that 
fuch as had not fufficiently en- 
tered into the principles, could 
not eafily difcern the ftrength 
of the confequences, nor lay afide 
the prejudices to which they had 
been many years accuftomed ; 
therefore to prevent the difputes. 
which might be raifed upon fuch 
accounts, l chofe to reduce the 
fubftance of that book into the 
form of propofitions (in the ma- 
thematical way) which fhould be 
read by thofe only, who had firft 
made themfelves mafters of the 
principles eftablifhed in the pre- 
ceding books. 
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ss lofophy, That the fixed Stars 
! -  ftood immoveable in the 

higheft parts of the world; that under 
the Fixed Stars the Planets were carried 
about the Sun ; that the Earth, as one of 

the Planets, defcribed an annual courfe 
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 ferved to warm 
the whole, was fixed in the center of the 
Univerfe. | LE 

B This 

not a few in the | thatthe matter of 
earlieft ages of phi- the Heavens is fluid, 



2 (OF THE SYSTEM 
Archie. "This was the philofophy taught’ of | 
des Hold by Philolaus, Ariftarchus Do ofz- 
ftot. Lil-:.2705, Plato in his riper years, and the - 
Plutarch whole fe& of the Pythagoreans. And 
Lib, s. de this was the judgment of Anaximander, 
i ,, More ancient than any of them, and of © 
in Numa. that wife king of the Romans, Numa 

Pompilius ; who, as a fymbol of the 
figure of the World with the Sun in the | 
center, erected a temple in honour of 

' F'effa, of a round form, and ordained per- 
petual fire to be kept in the middle of it. 

The Egyptians were early obfervers 
of the heavens. And from them pro- 
bably this philofophy was {pread abroad 
among other nations. For from them 
it was, and the nations about them, that 
the Greeks, a people of themfelves more 
addicted to the ftudy of philology than 
of nature, derived their firft, as well as 
foundeft, notions of philofophy. And 
in the veftal ceremonies we may yet 
trace the ancient fpirit of the Ag yptians. 
For it was their way to deliver their 
myfteries, that is, their philofophy of 
things above the vulgar way of think- 
ing, under the veil of religious rites and 
hieroglyphick fymbols. 

It is not to be denied but that "tuia 
agoras, Democritus and others did now 
and then {tart up, who would have ‘it 
ui the Earth pofieffed the center of 

the 
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the World, and that the Stars of all forts 
were revolved towards the weft, about 
the Earth quiefcent in the center; fome 
at a fwifter, others at a flower rate. 

However, it was agreed on both fides, 
that the motions of "E celeftial bodies 
Were performed in fpaces altogether free, 
and void of refiftance. The whim of 

 folid orbs was of a later date, introdu- 
ced by Eudoxus, Calippus and Ariftotte ; 
when the ancient philofophy began to 
decline, and to give place to the new 
prevailing fictions of the Greeks. 

But above all things, the phenomena 
of Comets can by no means confift with 
the notion of folid orbs. The Chaldeans, 
the moft learned aftronomers of their 
time, looked upon the Comets (which 
of ancient times before had been num- 

. bered among the celeftial bodies) as a 
particular fort of planets, which, deferi- 
bing very eccentric orbits, prefented 
themfelves to our view only by turns, 
viz. once in a revolution, when they 
defcended into the lower parts of their 
orbits. 

_ And as it was the eiitvandable. cónfe- 
quence of the hypothefis of folid orbs, 
while it prevailed, that the Comets fhould 
be thruft down below the Moon; fo no 
foener had the late obfervations of aftro- 
homers reftored the Comets to their an- 

B 2 lent 
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cient places in the higher heavens, but 
thefe celeftial fpaces were at once cleared 
of the incumbrance of folid orbs, which 
by thefe obfervations were broke into 
pieces and difcarded for ever. 

The principle ofcir- ^ W HENCE it was that the 
cular motion in free Planets came to be retained 
{paces. 

P. 262. 

Vol. I, 

Princip. 

within any certain bounds in 
thefe free fpaces, and to be drawn off 
from the reétilinear courfes, which, left 
to themfelves, they fhould have purfued, 
into regular revolutions in curvilinear 
orbits, are queftions which we do not 
know how the ancients explained. And 
probably it was to give fome fort of fa- | 
tisfaction to this difficulty, that folid orbs 
were introduced. 

The later philofophers pretend to ac- 
count for it, either by the a&ion of cer- 
tain vortices, as Kepler and Des Cartes ; 
or by fome. other principle of impulfe 
or attraction, as Borellz, Hook, and others 
of our nation. For, from the laws of 
motion, it is moft certain that thefe ef- 
fects muft proceed from the action of 
fome force or other. 

But our purpofe is only to trace out 
the quantity and properties of this force 
from the phenomena, and to apply what 
we difcover in fome fimple cafes,, as 
principles, by which, in a mathematical 

Ws 
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way, we may eftimate the effeéts there- 
of in moreinvolved cafes. For it would 
be endlefs and impoflible to bring every 
particular to dire& and immediate ob-. 
fervation. 
We faid, zm a mathematical way, to 

avoid all queftions about the nature or 
quality of this force, which we would 
not be underftood to determine by any 
hypothefis; and therefore callit by the 
general name of a centripetal force, as 
it isa force which is directed towards 
fome centers and as it regards more par- 
ticularly a body in that center, we call 

' it circum-folar, circum-terreftrial, circum- 
jovial, and in like manner in refpet of 

other central bodies. 

THAT by means of centripetal forces, 
the Planets may be retained Theeffeéts of cen« 
in certain orbits, we may eafily tripetal forces. 
underftand, if we confider the motions 
of projectiles. For a ftone projected is P. 4,5, 6. 
by the preffure of its own weight forced de 
out of the rectilinear path, which by the 
projedion alone it fhould have purfued, 
and made to defcribe a curve line in the 
air; and through that crooked way is at 
Jaft brought down to the ground. And 
the greater the velocity is with which it - 
As projected, the farther it goes before it 
falls to the Earth. We may there- 
( D. £orc 
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fore fuppofe the velocity to be fo en-’ 
creafed, that it would defcribe an arc of 
I, 2, $, 10, IOO, 1000 miles before it 
arrived at the Earth, till at laft exceeding 
the limits of the Earth, it fhould país 
quite by without touching it. 

Let AFB reprefent the furface of the 
Earth, C its center, VD, VE,- VF, the 

curve lines which a body would de- 
fcribe, if proje&ed in an horizontal di- 
rection from the top of an high moun- 
tain, fucceflively with more ‘and more 

vidvol..velocity. And, bécaufe the celeftial mo- 
por 

po 
tions are fcarcely retarded by the little 
or no refiftance of the fpaces in which 
they are performed ; to keep up the pa- 
rity of cafes, let us fuppofe either that 
there is no air about the Earth, orat 

— leaft that it is endowed with little or no 

power of refifting. And for the fame 
reafon that the body projected with a 
lefs velocity, defcribes the lefler 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 ftill more and more 
augmented, ‘it would reach at laft quite 
beyond the circumference of the Earth, 
and return to the mountain from which 
it Was projected. 

And fince the area's, wilich by this 
gnovpn it defcribes by a radius drawn 

| 1 to 



aa 

DAL PN a 
DEA SRS ST SSS TREES RES A E T NE Eee P NESS SSS 



"E 
ies E 

Me ib 
aS hy L4 

hi 
MEE 



DOE TUBE WION LED.-- » 

to the center of the Earth, are (by Prop. . 
Book 1. Princip. Math.) proportional 
to the times in which they are defcribed ; 
its velocity, when it returns to the moun- 
tain, will be no lefs than it was at firft ; 
and retaining the fame velocity, it will 
defcribe the fide curve over and over, 
by the fame law. 

But if we now imagine bodies to ib 
projeded in. the directions: of lines pa- 
rallel to the horizon from greater heights, 

as Of $, IO, IOO, 1000 or more miles, 

or rather as many femi-diameters of the 
Earth; thofe bodies, according to their 
different velocity, and the different force 
of gravity in different hights, will de- 
feribe arcs either concentric with the 
Earth, or varioufly excentric, and goon 
revolving through the heavens in thofe 
traj sabes) juft as the Planets do in their 
orbs. 

As when a {tone is projected obliquely, 
that is, any way but in the per- The certainty of the 
pendicular diredion, the per- argument. 
petual deflection thereof towards the 
Earth from the right line in which it 
was projeded, is a proof of its gravi- 
tation to the Earth, no lefs certain than 
its dire& defcent when only fuffered to. 
fall freely from reft; fo the deviation of 
bodies, moving in free {paces, from recti- 

od huy . Aneat 
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linear paths, and perpetual. deflexion 
therefrom towards any place, is a fure 
indication of the exiftence of fome force, 

. Which from all quarters impells thofe 
bodies towards that place. | 

And as from the fuppofed exiftence 
of gravity, it neceffarily follows that all 
bodies about the Earth muft prefs down- 
wards, and therefore muft either de- 
{cend diredly to the Earth, if they are 
let fall from reft, or at leaft perpetually 
deviate from right lines towards the 
Earth, if they are projected obliquely ; 
fo from the fuppofed exiftence of a force 
dire&ted to any center, it will follow by 
the like neceflity, that all bodies, upon 
which this force ats, muft either de- 
fcend dire&tly to that center, or at leaft 
deviate perpetually towards it from right 
lines, if otherwife they fhould have 
moved obliquely in thefe right lines. 

And how from the motions given we 
may infer the forces, or from the forces 
given we may determine the motions, is 
fhewn in the two firft Books of our 
Principles of Philofophy. 

Ir the Earth is fuppofed to ftand ftill, 
What follows from and the fixed Stars to be revol- 

the fuppofed diurna! ved in free fpaces, in the fpace 
motion of the ftars. Y : | Of 24 hours, it is certain the 

forces by which the fixed Stars are re- 
| | tained 
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tained in their orbs, are not directed to the 
Earth, but to the centers of the feveral 
orbs, that is, of the feveral parallel cir- 
cles, which the fixed Stars, declining to 

one fide and the other from the Equator, 
defcribe daily. Alfothat by radii drawn 
to the centers of thofe orbs, the fixed 
Stars deícribe area's exaly proportional 
to the times of defcription. Then be- 
caufe the periodic times are equal, it By Cor. s. 
follows that the centripetal forces are as, ^ 
the radii of the feveral orbs; and that 

. they will perpetually revolvé in the fame 
orbs. And the like confequences may 
be drawn from the fuppofed diurnal B mo- 
tion of the planets. 

THAT forces fhould be directed to no 
Body on which they phyfically depend, 
but to innumerable imaginary he incongruous 
points in the axe of the Earth confequences of this 
is an hypothefis too incongru- "PPeíition. 
ous. "Tis more incongruous ftill that 
thofe forces fhould increafe exaély in 
proportion of the diftances from this. 
axe. For this is an indication of an 
increafe to immenfity, or rather to infi- 
nity; whereas the forces of natural 
things commonly decreafe in receding 
from the fountain from which they 
.flow. But what is yet more abfurd, 
neither are the area’s, defcribed by the 

fame 
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Cor. Y. 

Prop. 2. 

That "eiii is a cen- 
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fame Star, proportional to the times, 
nor are its revolutions performed in the 
fame orb. For as the Star recedes from 
the neighbouring pole, both area's and 
orb increaíe ; and from the increafe of 
the area, it is demonftrated that the forces 
are not directed to the axe of the Earth. 

And this difficulty arifes from the two- 
fold motion that is obferved in. the fixed 
Stars, one diurnal round the axe of the 
Earth, the other exceeding flow, round 
the axe of the ecliptic. And the ex- 
plication thereof requires a compofition 
of forces fo perplexed and fo variable, 
that it is hardly to be reconciled with 
any phyfical theory. 

THaT there are centripetal forces 
a&ually dire&ed to the bodies 

tripetal force really of the Sun, of the Earth, and 

dire&ed to the cen- other Planets, thus I infer. 
ter of every planet. 

-— 

P. 212. 

The Moon revolves about 
our Earth, and by radii drawn to its. 
center, defcribes area's nearly proportio- 
nal to the times in which they are de- 
Ícribed ; as is evident from its velocity 
compared with its apparent diameter. 
For its motion is flower, when its dia- 
meter is lefs (and therefore its diftance 
greater) and its motion is fwifter when 
its conan 1S greater. 

| The 
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The revolutions of the fatellits of 
. Jupiter about that planet are more re- ?. 206 
gular. For they defcribe circles concen- 
tric with Jupiter by equable motions, as 

_ exactly as our fenfes can diftinguith. 
And fo the fatellits of Saturn are re- 

. volved about this planet with motions P, 2038. 
nearly circular and equable, ícarcely 
difturbed by any eccentricity, hitherto 
obferved. 

That Venus and Mercury are revol- 
ved about the Sun, is demonftrable from 
their Moon-like appearances. When P. 209. 
they fhine with a full face, they are in 
thofe parts of their orbs which in refpeé& 
of the Earth lie beyond the Sun; when 
they appear half full, they are in thofe 
parts which lie over againft the Sun; 
when horned, in thofe parts which lie 
between the Earth and the Sun, and 
fometimes they país over the Sun’s difc, 
when dire@tly interpofed between the. 
Earth and the Sun. | 

And Venus, with a motion almoft 
uniform, defcribes 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 fwifter as it is near to 

the Sun, and therefore by a radius drawn 
| to 



I2 OE SGA GES ¥ ISTE: MM 

to the Sun, ftill defcribes area's propor- 
tional to the times. 

Laftly, that the Earth defcribes about 
the Sun, or the Sun about the Earth, by a 
radius from the one to the other, areas ex- 
aly proportional to the times, is demon- 
ftrable from the apparent diameter of the 
Sun compared with its apparent motion. 

Thefe are aftronomical experiments, 
from which it follows, by Prop. 1, 2, 3; 
in the fir Book of our Principles, 

5 ?!3, and their Corollaries, that there are cen- 
Ab. Tis tripetal forces, actually directed (either 

accurately or without. confiderable .er- 
rour): to the centers of the Earth, of 

dics of Saturn, and of theSun. In 
ercury, Venus, Mars, and the lefler 

planets, where experiments are wanting, 
the arguments from analogy mutt be al- 
lowed in their place. 

P. 213, j 
215,219... 1HAT.thofe forces decreafe in the 

‘That thofe centripe- duplicate proportion of the di- 
tal forces decreafe in (tances from the center of every 
the duplicate propor- 
tion of the diftances Planet, appears by Cor.6. "Prop. 4.. 
from the center of Bogk1. For the periodic times 
every PAOD of the fatellits of Jupiter are, one 
P.206, to another, in the fefquiplicate. propor- 
nv tion of their diftances from the center 

of this planet. 
This proportion has been. long ago ob- 

ferved in thofe fatellits. And Mr. Flam- 
fleed, 
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fieed, who had often meafured their 
diftances from Jupiter by the microme- 
ter, and by the eclipfes of the fatellits, . 
wrote to me, that it holds to all the ac- 
curacy that poflibly can be difcerned by 
our fenfes. And he fent me the dimen- 
fions of their orbits taken by the mi- 
crometer, and reduced to the mean di- 
ftance. of Jupiter from the Earth, or 
from the Sun, together with the times 
of their revolutions, as follows: 

The greateft elonga- 
tion of the fatellits | The periodic times of 
E abu cinfer Gf their revolutions. 

Jupiter as feen from 
the Sun. 

, 4a £P d, h. a ^f 

if. |1 48 or 108 1 pois: y29,$7!:46 
20.45 .,01. jOor8n] 53: 33x 24302 354 
3d. |4 46 or 286 Fy OF 59 | 440 
4th.|8 133 or 4934 | 106 18-5 . t3 

Whence the fefquiplicate proportion 
may be eafily feen. For example, the 
164 18h o5! 13” is to the time 14, 

18h 28! 36" as 4934" x 4/493 t" to 
108" x 4/ 108", negleding thofe {mall 
fractions which, in obferving cannot be 
certainly. determined. 

Before the invention of the microme- 
ter, the fame diftances were determined 
in femi-diameters of Jupiter, thus: 

Di- 
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Diftance of the if. zd. 34d. 4th. 
By Galileo 6 ro  (qa16 |28 

Simon Marius | 6 10 16 .|.26 
ge 5 8 13 | 23 
Borelli more 3 52 ! ^ 

sendy. oS o bdo PUE COMM 

After the invention of the micrometer. 

By Townley PSI 8,28. 102.47 lads 
|. Flamfieed 5531 18585 113,98 |24523 
More accurately ? 
by the eclipfes $ 55578 8,876 |145159 $4993. 

And the periodic times of thofe fa- 
tellits, by the obfervations of Mr. F/lam- 
freed, are xd 18h 28! 36" | 54 17h 17! 
54 [2505559 '5360",| 103 ahh gt S11 
as above. | | pep 

And the diftances thence computed 
are 5,578 | 8,878 | 14,168 | 24,068 | 
accurately agreeing with the diftances by 
obfervation. | 

Caffrmi affares us that the fame pro- 
portion is obferved in the circum-fatur- 
nal planets. But a longer courfe of ob- 
fervations is required’ before we can 
have a certain and accurate theory of 
thofe planets. | 

Ia 
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' In the circum-folar planets, Mercury 
and Venus, the fame proportion holds 
with great accuracy, acoording to the 

dimenfions of their orbs, as determined 

by the obfervations of the beft Aftro- 
nomers. | | | 

THar Mars is revolved about the " SA 

Sun, is demonftrated from the | qp, the fuperior 
phafes which it fhews, and the planets are revolved 

proportion of its apparent dia- iiid NN UR 
meters. For from its appear- sun, deferibe area's 
-ing full near conjun&ion with proportional to the 

d : . times, 
the Sun, and gibbous in its qua- 
dratures, it is certain that it furrounds 
the Sun. c [x] 

And fince its diameter appears about 
five times greater, when in oppofition 
to the Sun, than when in conjunction 
therewith, and its diftance from the 
Earth is reciprocally as its apparent dia- 
meter, that diftance will be about five 
times lefs, when in oppofition to, than 
whenin conjunction with, the Sun. But 
in both cafes its diftance from the: Sun 
will be near about the fame with the 
diftance which is inferred from its gib- 
bous appearance in the quadratures. 
And-as it encompaffes che Sun atalmoft — « 
equal diftances, but in refpe& of the 
Earth is very unequally diftant; fo by 
radii drawn to the Sun, it defcribes 

area's 
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area's nearly uniform; but by radii drawn 
to the Earth, it is fometimes fwift, fome- 
times ftationary, and fometimes retro- 
grade. 
That Jupiter, in a higher orb than 
Mars, is likewife revolved about the 
Sun, with a motion nearly equable, as 

well in diftance as in the area's defcribed, 
I infer thus: 

Mr. Flamfleed affured me by letters, 
that all the eclipfes of the innermoft fa- 
tellite, which hitherto have been well 
obíerved, do agree with his theory fo 
nearly, as never to differ therefrom by 
two minutes of time; that in the out- 
moft, the errour is little greater; in the 
outmoft but one, fcarcely three times 
greater; that in the innermoft but one; 
the difference is indeed much greater; 
yet fo as to agree as nearly with his 
computations, as the Moon does with 
the common tables. And that he com- 
putes thofe eclipfes only from the mean 
motions corrected by the equation of 
light difcovered and introduced by Mr. 
Romer. | Suppofing then that the theory 
differs by a lefs errour than that of 2' 
from the motion of the outmoft fatellite 
as hitherto defcribed ; and taking as the 
periodic time 164 18h 5! 13" to 2^ 
in time, fo is the whole circle or 360? to 

the arc 1' 48"; the errour of Mr. m 
UHR S 
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' fleed's computation reduced to the fatel- 
lite's orbit, will be lefs than 1' 48"; that 
is, the longitude of the fatellite, as feen 
from the center of Jupiter, will be de- 
termined with a lefs errour than 1' 48". 
But when the fatellite is in the middle of 
the fhadow, that longitude is the fame 
with the heliocentric longitude of Ju- 
piter. ‘And therefore the hypothefis 
which Mr. Flamfteed follows, viz. the 
Copernican, as improved by Kepler, and 
{as to the motion of Jupiter) lately 
corrected by himfelf, rightly reprefents 
that longitude within a lefs errour than 
1’ 48". But by this longitude, toge- 
ther with the geocentric longitude, which 
is always eafüy found, the diftance of 
S AR from the Sun is determined : 

Vhich muft therefore be the very fame 
with that which the hypothefis exhibits. 
For that greateft errour of 1' 48" that 
can happen in the heliocentric longitude 
is almoft infenfible, and quite to be neg- 
leded, and perhaps may arife from fome 
yet undifcovered eccentricity of the fa- 
telite. But fince both longitude and 
diftance are rightly determined, it fol- 
lows of neceflity, that Jupiter, by radii 
drawn to the Sun, defcribes area's fo 
conditioned as the hypothefis requires, 
that is, proportional to the times. 

G And 

17 
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And the fame thing may be conclu- 
ded of Saturn from his fatellite by the 
obfervations of Mr. Huygens and Dr. 
Halley ; though a longer feries of obfer- 
vations is yet Wanting to confirm the 
thing, and to bring it under a fafficiently 
exact computation. | 

For if Jupiter was viewed from the 
Sun, it would never appear re- 

governs the fuperi- trograde nor {tationary, as it 18 

ae Planets : aig feet fometimes from the Earth, 
ed, not to the Eart L ‘eh but to the Sin, DUt always to go forward with 

amotion 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 turned out of a rectilinear 
courfe, and ‘made to revolve in an orb, 
is not directed to the center of the Earth. 
And the fame argument holds good in. 
Mars and in Saturn. Another center 
of thefe forces is therefore to be looked 
for (by Prop. 2 and 3, and the Corolla- 
vies Of the latter) about which the area's 
defcribed by radii intervening, may be 
€quable. And that this is the Sun, we - 
have proved already in Mars and Saturn 
nearly, but accurately enough in Tupiter. 

[3x] Jt may be alledged that the Sun and 
Planets are impelled by fome other'force, 
equally and in the direction of parallel 

"at lines. 
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lines. But by fuch a force (by Cor. 6. 
of the Laws of Motion) no change would 
happen in the fituation of the Planets 
one to another, nor any fenfible effe& 
follows but our bufinefs is with the 
caufes of fenfible effe&s. Let usthere- 
fore negle& every fuch force as imagi- 
nary and precarious, and of no ufe in 

. the phenomena of the heavens; and the 
whole remaining force by which Jupiter 
is impelled, will be directed (by Prop. 3. 
Cor. 1.) to the center of the Sun. 

THE diftances of the Planets from the 
| Sun come out the fame, whe- . us. ine eireum: 

ther, with Tycho, we place the 
Earth in the center of the fy- 
ftem, or the Sun with Coper- 
micus: and we have already 

folar force through- 
out all the regions of — 
the Planets decreats 
eth'in the duplicate 
proportion of the di- 
{tances from the Sun. 

proved that thefe diftances are 
irue in Jupiter. 

Kepler and Bullialdus have, with great P» 3:9. 
care, determined the diftances pF; the 
"Planets from the Sun. And hence it 
is that their tables agree beft with the 
heavens. And in all the Planets, in 
Jupiter and Mars, in Saturn and the 
Earth, as wellasinVenusand Mercury, the 
“cubes of their diftances are as the fquares 
of their periodic times; and therefore. 

(by Cor. 6. ae: i the centripetal 

cirgum- 
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circum-folar force, throughout all the 
planetary regions, decreafes in the du- 
plicate proportion of the diftances from | 
theSun. In examining this proportion, 
we are to ufe the mean diftances, or the 
tranfverfe femi-axes of the orbits (by. 
Prop. 15.) and to negle& thofe little 
fractions, which, in defining the orbits, 
may have arofe from the infenfible er- 
rours of obfervation, or may be afcribed 
to other caufes, which we fhall after- 
wards explain. And thus we fhall .al- 
ways find the faid proportion to hold 
exactly. For the diftances of Saturn, 
Jupiter, Mars, the Earth, Venus and 
Mercury from the Sun, drawn from the 
obfervations of Aftronomers, are, ac- 
cording to the computation of Kepler, 
as the numbers 95 1000,519650,1 52350, 

100000, 72400, 38806; by the compu- 
tation of Bullialdus, as the numbers, 

954198,522520,1 523 50,100000,72398, 
' 385855 and from the periodic times 
they come out 953806,520116,152399, 
100000,72333,38710. Their diftances, 
according to Kepler and Bullaldus, 
{carcely differ by any fenfible quantity, 
and where they differ moft the diftances 
drawn from the periodic times fall in. 
between them. . 

THAT 
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TBaAr the circum-terreftrial force like- 
wife decreafes in the duplicate ' 

: aA That the circum-ter. 
proportion of the diftances, i force decrea- 
thus I infer. | fes in the duplicate 

The mean diftance of the Rlovoion of the di 
Moon from the center of the proved in the hypo- 
Earth, is in femi-diametets of Pies of the Earth's 

; eing at reft. 
the Earth, according to Pro- 
lomy, Kepler in his Ephemerides, Bul-P- 215; 
lialdus, Hevelius and. Ricciolus $9 5 ac-2y "7 
cording to JJzzjfZeed 594, according to 
4 ycho 562, to Vendelin 60, to Coperni- 
cus 603, to Kircher 623. | 

But 7»ycbo and all that follow his ta- 
bles of refraction, making the refradi- 
ons of the Sun and Moon (altogether 
againft the nature of light) to exceed 
thofe of the fixed Stàrs, 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 rath or rsth part of the whole pa- 
rallax. Correé this errour, and the di- 

{tance will become 60 or 61 femi-diame- 
ters of the Earth, nearly agreeing with 
what others have determined. 

Let us then aflume the mean diftance 
of the Moon, 60 femi-diameters of the 
Earth, and its periodic time in refpe& 
of the fixed Stars, 274 7h 43%, as 
Aftronomers have determined it. And 

C. 3 cay DY 
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(by Cor. 6. Prop. 4.) a body revolved in 
our air, near the furface of the Earth fup- 
pofed at reft, by means of a centripetal 
force, which fhould be, to the fame force 
at the diftance of the Moon, in the reci- 
procal duplicate proportion of the di- 
ftaiices from the center of the Earth, that 
is, as 360D to 1, would (fecluding the 
refiftance of the air) conipleat à revolu- 
tion id rh. 24! 25". 

Suppofe the circumference of the 
Earth to be 123249600 “Parzs feet, as 
has been determined by the late menfu- 
ration of the French; then the fame bo- 
dy, deprived of its circular motion, and 
falling by the impulfe of the fame cen- - 
tripetal force as before, would, in one 
fecond of time, defcribe 15 4 Paris 
feet. 

This we infer by a calculus formed up- 
on Prop. 36, and it agrees with what we 
obferve in all bodies about the Earth. 
For by the experiments of pendulums, 
and a computation raifed thereon, Mr. 

Euygens has demonftrated that bodies 
falling by all that centripetal force, with 
which (of whatever nature it is) they are 
impelled near the furface of the Earth, 
do, in one fecond of time, defcribe 

05 ih ‘Paris feet, 

buy 
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But if the Earth is fuppofed to move, 
. the Earth and Moon together the fame proved in 
(by Cor. 4. of the Laws of Mo- the hypothefis of the 
tion, and Prop. $7-) - will be Earth's motion, 

revolved about their common center of 
gravity. And the Moon (by Prop. 60.) 
will in the fame periodic time, 274 7 h 
43', with the fame circum-terreftrial 
force, diminifhed in the duplicate pro- 
portion of the diftance, defcribe an or- 
bit, whofe femi-diameter is to the femi- 
diameter of the former orbit, that is, to 
60 femi-diameters of the Earth, as the 
fum of both the bodies of the Earth and 
Moon to the firft of two mean proporti- 
onals between this fum and the body of 
the Earth; that is, if we fuppofe the 

Moon (onaccount of its mean apparent 
diameter 31 2^) to be about 4 of the 

Earth, as 43 to 4// 42 -- 43} orasabout 

128 to 127. And therefore the femi- 
. diameter of the orbit, that is, the di- 
flance between the centers of the Moon 
and Earth, willin thiscafe be 60 2 femi- 
diameters of the Earth, almoft the fame 
with that afligned by Copernicus, which 
the Tychonic obfervations by. no means 
difprove. And therefore the duplicate 
proportion of the decrement of the force 
holds good in thisdiftance. I have neg- 
le&ed the increment of theorbit, which 
arifes from the adion of the Sun, asin- 

C 4 confide- 
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confiderable. But if that is fubdu&ted 
the true diftance will remain, about 60$ 
femidiameters of the Earth. 

Bur further, this proportion of the 
The decrement of decrement of the forces is con- 

the forces in the du- firmed from the eccentricity of 
plicate proportion of 
the diftances fromthe the Planets, and the very flow 
Earth and Planets, motion of theirapfes. For (by 
proved from the ec the Corollaries of ‘Prop. 45.) in 
centricity of the Pla- 
nets, and the very DO Other proportion, could the 
flow motion of their circum-folar planets, once in 
ap fes. 

Lx] 

P.214,- 
215^ 

every revolution defcend to 
their leaft, and once afcend to their 

 greateft diftance from the Sun, and the 
places. of thofe diftances remain immo- 
vable. A {mall errour from the dupli- 
cate proportion, would produce a mo- 
tion of the apfes, confiderable in every 
revolution, but in many enormous. 

But now aftér innumerable revolu- 
tions, hardly any fuch motion has been 
perceived in the orbs of the circum-fo- " 
lar planets. Some Aftronomers affirm, 
thatthereis no fuch motion, othersreck- 
on it no greater than what may eafily 
arife from the caufes hereafter to be af- 
figned, and is of no moment in the pre- 
fent queftion, 

: We may even negle& the motion of 
the Moon’s apfe, which is far greater 
than i in the cir rcum-folar plan ets, amount 

ing 
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ing in every revolution to three degrees. 
And from this motion it is demonftra- 
ble, that the circum-terreftrial force de- 

creafes in no lefs than the duplicate, 
but far lefs than the triplicate proportion 
of the diftance. For if the duplicate 
proportion was gradually changed into 
the triplicate, the motion of the apfe 
would thereby increafe to infinity ; and 
therefore, by a very {mall mutation, 
would exceed the motion of the Moon's 
apfe. This flow motion arifes from the 
action of the circum-folar force, as we 
fhall afterwards explain. But fecluding 
this caufe, the apíe or apogeon of the 
Moon will be fixed, and the duplicate 

_ proportion of the decreafe of the cir- 
| cum-terreftrial force in different diftances 
from the. Earth, will accurately take 

| place. 

25 

Now that this proportion has been P. 227. 
eftablifhed, we.may compare The quantity of 
the forces of the feveral planets the forces tending to- 
among themfelves. 

wards the feveral pla- 

nets. The circum- 

In the mean diftance of Ju- folar very great. 
piter from the Earth, the greateft elon- 
gation of the outmoft fatellite from Ju- 
piters center (by the obfervations of 
Mr. Flamfteed) is 8' 13". And there- 
fore the diftance of the fatellite from the 

center of Jupiter, is to the mean eas 
re) 
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of Jupiter from the center of the Sun, 
as 124 to 52012, but to the mean di- 
{tance of Venus from the center of the 
Sun, as 124 to7234. And their perio- 
dic times are 1644 and 22424. And 
from lience (according to Cor. 2. Prop. 
4.) dividing the diftances by the fquares 
of the times, weinfer that the force by 
which the fatellite is impelled towards 
Jupiter, is to the force by which Ve- 
nus is impelled towardsthe Sun, as 442 

to 143. And if we diminifh the force, 
by which the fatellite is impelled, in 
the duplicate proportion of the diftance 
124 to 7234, we fhall have the circum- 

jovial force, in the diftance of Venus 
from the Sun, to the circum-folar force 
by which Venus is impelled, as 2% to 
143, or as 1 to 1100.’ Wherefore at 
equal diftances, the circum-folar force 
is 1100 times greater than the circum- 
jovial. 

And by the like computation, from 
the periodic time of the fatellite of Sa- - 
turn 154 22h and its greateft. elonga- 
tion from Saturn, while that planet is 
in its mean diftance from us; 3' 2o". 
it follows that the diftance of this fatel- 
lite from Saturn's center, is to the di- 
ftance of Venus from the Sun, as92 5$ to 
72345 and from thence that the abío- 
lute circum-folar force is 2360 times 

greater 
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greater than the abfolute circum-fatur- 

nial. 

FROM the pr MM of the heliocen- 
tric and irregularity Giothüg 60-0 The "enbanp terres 
centric motions of NG of ftrialforcevery fmall. 
Jupiter, and the other planets, it is evi- 
dent (by Cor. 4. Prop. 3.) that the cir- - 
cum-terreftrial force, compared with the 
circum-folar, is very. fmall. 

Ricciolus and Vendelin have feverally 
tried to determine the Sun’s parallax, 
from the *Moon's dichotomies obferved 
by the telefcope, and they agtee that it 
does not exceed half a minute. 

- Kepler, from 7T ycho's obfervations and 
his own, found the parallax of Mars 
infenfible, even in oppofition to the Sun, 
when that parallax is fomething greater’ 
than the Sun's. — 

Flamfteed attempted the fame paral- 
lax with the micrometer in the perigeon 
pofition of Mars, but never found it 

. above 25"3 and thence concluded the 
Sun’s parallax at moft ro", 

- Whence it follows, that the diftance 
of the Moon from the Earth bears no 
greater proportion to the diftance of the 
Earth from the Sun, than 29 to 10000; 

nor to the diftance of Venus from the 

Sun, than 29 to 7233, 

From 
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From which diftances, together with 
the periodic times, by the method above 
explained it is eafy to infer, That the 
abfolute circum-folar force is greater than 
the abfolute circum-terreftrial force at 
leaft 229400 times. 

. And though we were only certain, 
from the obfervations of Rzcczolus and 
Fendelim, that the Sun's parallax was 
lefs than half. a minute, yet from this it 
will follow, that the abfolute circum- 
folar force exceeds the abfolute circum- 
terreftrial force 8500 times. 

By the like Computations I happen- 
ed to difcover an analogy that 

meters of the pla- is obferved between the forces 
nets. — .and the bodies of the Planets. 

But before I explain this analogy, the 
apparent diameters of the Planets in 
their mean diftances from the Earth, 
muft be firft determined. 

Mr. Flamfteed, by the micrometer, 
meafured the diameter of Jupiter 40" or 
4.1", the diameter of Saturn’s ring $0", and - 
the diameter of the Sun about 32' 13”. 

But the diameter of Saturn is to the 

diameter of the ring, according to Mr, 
Huygens and Dr. Halley, as. 4 to 95 ac- 
cording to Galletius, as 4. to 103 an 
according to Fook (by a telefcape of 6o 
feet) as 5 to I2. And from the mean 

E PUn 
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proportion 5 to 12, the diameter of Sa- 
turn’s body is inferred about 21". [x1 

SucH as we have faid are the appa- 
rent magnitudes. But becaufe 4. ans of 
of the unequal refrangibility Of the apparent diame- 
light, all lucid points are dila- '*'*- 
ted by the telefcope, and in the focus of 
the obje&-glafs poflefs a circular fpace, 
whofe breadth is about the soth part of 
the aperture of the glafs. 

It is true, that B Aids the Girovan teh 
rence, the light is fo rare as hardly to 
move the fenfe ; but towards the middle, 
where it is of greater denfity, and is 
fenfible enough, it makes a fmall lucid - 
circle, whofe breadth varies according to 
the fplendour of the lucid point, but is 
generally about the 3d, or 4th, or 5th 
part of the breadth of the whole. 

Let ABD reprefent the circle of the 
whole light, PQ the fmall circle of the 
denfer and clearer light, C the center of 
both; CA, CB femi-diameters of the 
 grédter circle containing a right angle 
at C5 ACBE the fquare comprehended 

under thefe femi-diameters, AB the dia- 
gonal of that fquare; EGH an hyper- 
bola with the center C and afymptotes 
CA, CB; PG a perpendicular erected 
from any point P of the line BC, and 
SES. the Ipse in G, and the 

right 
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right lines AB, AE in K and F: and 
the denfity 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 fmall. - 
And the whole light within the {mall 
circle PQ is to the whole without, as 

thearea of the quadrilateral figure CAKP 
to the triangle PKB. And we are to 
underftand the fmall circle PQ to be 
there terminated, where FG, the denfity 
of the light, begins to be lefs than what 
is required to move the fenfe. 

Hence it was that at the diftance of 
191382 feet, a fire of 3 feet in diameter, 

through a telefcope of 3 feet, appeared 
to Mr. Picart of 8" in breadth, ^when it 
fhould have appeared only of 3” 14". 
And hence it is that the brighter fixed 
Stars appear through the telefcope, as 
of 5" or 6" in diameter, and that with a 
£ood full light; but with a fainter light 
thcy appear to run out to a greater 
breadth. Hence likewife it was that 
Hevelius, by diminifhing the aperture of 
the telefcope, did cut off a great part of 
the light towards the circumference, and 
brought the difc of the Star to be more 
diftindly defined, which though hereby 
diminifhed, did yet appear as of 5” or 
6" indiameter. But Mr. Huygens, only 
by clouding the eye-glafs with a little 

{moak, 
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fmoak, did fo effectually extinguifh this 
{cattered light, that the fixed Stars ap- 
peared as meer points, void of all fenfi- 
ble breadth. Hence alfo it was that 
Mr. Huygens, from the breadth of bo- 
dies interpofed to intercept the whole 
light of the Planets, reckoned their dia- 
meters greater than others have meafu- 
red them by the micrometer. For the 
Ícattered light, which could not be feen 
before for the ftronger light of the Pla- 
net, when the Planet is hid, appears 
every way further fpread. Laftly, from 
hence it is that the Planets appear fo 

. {mall in the difc of the Sun, being lef 
fened by the dilated light. For to He- 
velius, Galletius, and Dr. Halley, Mer- 
cury did not feem to exceed 12" or 15". 
And Venus appeared to Mr. Cratitrie 
only 1! 3", to Horrox but 1' 12", though 
by the menfurations of Hevelius and. - 
Hugenius, without the Suns dic, it 
ought to have been feen at leaft 1' 24". 
Thus the apparent diameter of the 
Moon, which in 1684, a few days both 

before and after the Sun's eclipfe, was 
meafüred at the obfervatory of Paris 
31' 30"; in the eclipfe it felf did not 

feem to exceed 30! or 30' 0$". And - 
therefore the diameters of ‘the Planets 

are to be diminifhed, when without the 

Sun, and to be augmented when within 
I it 

Tg 
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it by fome feconds. But the errours. 
fcem to be lefs than ufual in the menfu- 
rations that are made by the microme- 
ter. So from the diameter of the fha- 
dow, determined by the eclipfes of the 
fatellites, Mr. Flamfteed found that the 
femi-diameter of Jupiter, was to the 

 greateft elongation of the outmoft fatel- 
lite as 1 to 24,903. Wherefore fince that : 
elongation is 8! 13”, the diameter of Ju- 
piter will be 393"; and rejeding the 
Ícattered light, the diameter, found by 
the micrometer 40" or 41", will be re- 
duced to 392". And the diameter of Sa- 
turn 21", is to be diminifhed by the 
like corre&ion, and to be reckoned 20" 
or fomething lefs. But (if I am not. 
miftaken) the diameter of the Sun, be- 
caufe of its ftronger light, is to be dimi- 
nifhed fomething more, ‘and to be reck- 
oned about 32! or 32! 6". 

p. 229. THaArT bodies fo different in magni- 
Why the denfity is tude fhould come fo near to an 

greater infomeofthe analogy with their forces, is 
Planets, and lefs in nor without fome myftery. 
others; but the for- 
ces inallare as their © It may be that the remoter 
quantities of matter Planets, for want of heat, have 

not thofe metallic fubftances and pon- 
derous minerals with which our Earth 
abounds; and that the bodies of Venus 
and Mercury, as they are more expofed 

iy tQ 
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to the Sun’s heat, are alfo harder baked 
and morecompact. 

For from the experiment of the burn- 
ing-glafs, we fee that the heat increafes 
with the denfity of light.. And this 
denfity increafes in the reciprocal du- 
plicate proportion of the diftance from 
the Sun. From whence the Sun's heat 
in Mercury is proved to be feven-fold 
its heat in our fummer feafons. But 
with this heat. our water boils; and 
thofe heavy fluids, quickfilver and the 
{pirit 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 fub- 
{tances of great denfity may be nourifhed. 

And why not? if God has placed 
different bodies at different diftances 
from the Sun, fo as the denfer bodies 
always poffefs the nearer places, and 
each body enjoysa degree of heat fuitable 
toits condition, and proper for its nou- 

rifhment. From this confideration it will 
beft appear that the weights of all the 
Planets are one to another as their forces. 

But I fhould be glad the diameters 
of the Planets were more accurately 
meafured. And that may be done, if a 
lamp, fet at a great diftance, 1s made to 
fhine through a circular hole, and both : 

D the 
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the hole and the light of the lamp are 
fo diminifhed that the fpectrum may ap- 
pear through the telefcope juft like the 
Planet, and may be defined by the fame 
meafure: Then the diameter of the hole 
will be to its diftance from the objective 
glafs, as the true diameter of the Planet 
to its diftancefrom us. Thelight of the 
lamp may be diminifhed by the interpo- 
fition either of.pieces of cloth, or of © 
Ímoaked glaís. | 

Or kin to theanalogy we have been 
222, 223+ defcribing, there is another obferved be- 

\ 

Another analogy 
tween the forces and the bodies 

between. the forees attradted::’ Since the adfion' of 
and bodies,proved in the centripetal force upon the 
the celeftial. bodies. ‘Planets decreafes in the dupli- 

cate proportion of the diftance, and the © 
periodic time increafes in the fefquipli- 
cate thereof, itis evident that the actions 
of the centripetal force, and therefore 
the periodic times, would be equal in 
equal Planets, at equal diftances from 
the Sun; and in equal diftances of une- 
qual Planets, the total actions of the cen- 
tripetal force would be as the bodies of 
the Planets. For if the ations were 
not proportional to the bodies to be 
moved, they could not equally retract 
thefe bodies from the tangents of their 
orbs, in equal times: Nor could the 

2 motions 
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~ motions of the fatellites of Jupiter be fo 
regular, if it was not that the circum- 
folar force was equally exerted upon Ju- 
piter and all its fatellites in proportion of 
their feveral weights. And the fame 
thing is to be faid of Saturn in refpe& 
of its fatellite, and of our Earth in re- 
{pect of the Moon, as appears from Cor. 
2 and 3. Prop. 65. And therefore at 
equal diftances, 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 fe- 
veral bodies: and for the fame reafon 
muft be the fame upon all the particles 
of the fame fize, of which the planet is 
compofed. For if the action was greater, 
upon fome fort of particles than upon 
others, than in proportion to their quan- 
tity of matter, it would be alfo greater 
or lefs, upon the whole Planets, not in 
proportion of the quantity only, but 
likewife of the fort of the matter more 
-copioufly found in one, and more fpa- 
ringly in another. [1 

In fuch bodies as are found on our P. 220, 
Earth of very different forts, I examin- "^ 
ed this analogy with great ac- Proved interreftriat 
curacy. à bodies, 

If the adion of the circumterreftrial 
force is proportional to the bodies to be 

D 2 moved, 
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moved, it will (by the fecond Law of 
Motion) move them with equal velocity 
in equal times, and will make all bodies 
let fall to.defcénd through equal fpaces 
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 lefs. . If that was lefs, 
thefe would be greater. 

But it has been long ago obferved by 
others, that (allowance being made for 
the fmall refiftance of the Air) all bodies 
defcend through equal fpaces in equal 
times. And, by the help of pendulums, 
that equality of times may be diftinguifh- 
ed to great exacinefs. 

I tried the thing in gold, filver, lead, 
glafs, fand, common falt, wood, water 
and wheat. I provided two equal wood- 

en boxes. I filled the one with wood, 
and fufpended an equal weight of gold 
(as exadly as I could) in the center of 
ofcilation of the other. The boxes, 
hung by equal threads of 11 feet, made 
a couple of pendulums perfeétly equal in 
weight and figure, and equally expofed. 
to the refiftance of the air: And placing 
the one by the other, I obferved them to 
play together, forwards and backwards, 
fora long while, with equal vibrations. 

And therefore (by Cor. 1 and 6. Prop. 24. 
Book I) the iba 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 of the fame 
upon all the wood, that is, as the weight 
of the one to the weight of the other. 

And by thefe experiments, in bodies. 
of the fame weight, I could have dit- 
covered a difference of matter, lefs than 
the thoufandth part of the whole. [*] 

SiNcE the adion of the centripe- 
tal force upon the bodies at- The affinity of thofe 
tracted, is, at equal diftances, analogies. | 
proportional to the quantities of mat- 
ter in thofe bodies, reafon requires that it 
fhould be alfo proportional to the quan- 
tity of matter in the body attracting. 

| For all action is mutual, and (by the P. 20, 37- 
third Law of Motion) makes the bodies "^ * 
mutually to approach one to the other, 
and therefore muft be the fame in both 
bodies. Itistrue that we may confider one 
body as attracting, another as attracted : 
But this diftin&ion 1s more mathematical 
than natural. The attraction is really 
common of either to other, and there- 
fore of the fame kind in both. [x] 

AND hence it is that the attractive 
force isfound in both. The Sun 
attracts Jupiter and the other 
Planets. Jupiter attracts its fatellites. 

D3 And 

And coincidence, 
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And for the fame reafon, the fatellites ' 
a& as well one upon another as upon Ju- 
piter, and all the Planets mutually one; 
upon another. 

And though the mutual a&ions of two 
Planets may be diftinguifhed and confi- 
dered as two, by which each attra&s the 

. other; yet as thofe actions are interme- 
diate, they dó not make two, but one 
operation between twoterms. Two bo- 
dies may be mutually attracted, each 
to the other, by the contraction of a 
cord interpofed. There is a double. 
caufe of action, to wit, the difpofition 
of. both bodies, as wellas a double acti- 
on in fo far as the action is confidered as 
upon two bodies: But as betwixt two 
bodies it is but one fingle one. It is 
not one action by which the Sunattra&ts 
Jupiter, and another by which Jupiter 
attracts the Sun: But it is onc 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 attrads the 
Sun, likewife 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 

a 
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a two-fold action towards the Sun: but 
it is one fingle intermediate a@tion, by 
which both approach nearer together. 

Thus iron draws the tbad- ftone, a Fol. 
well as the load-ftone draws the iron: 
For all iron in the neighbourhood of the 
load-ftone draws other iron. But the 
action betwixt the load-ftone and iron 
is fingle, and is confidered as fingle by 
the philofophers. The action of iron 
upon thé load-ftone is indeed the action 
of the load-ftone betwixt itfelf and the 
iron, by which both endeavour to come 
nearer together; and fo it manifeftly 
appears: For if you remove the load- 
ftone, the whole force of the iron almoft 
ceafes. | [3] 

In this fenfe it is that we are to con- 
ceive one finele action to be exerted be- 
twixt two Planets, arifing from the con- 
fpiring natures of both. Andthisaction 
ftanding in the fame relation to both, 
if it is proportional to the quantity of 
mattter in the one, it will be alfo pro- 
portional to the quantity of matter in the 
other. 

PERHAPS it may be objected, that p, 22.6. 
according to this. philofophy Thar the forces of 
all bodies fhould mutually at- {mall bodies are in- 
tract one another, contrary to "ble. 
the evidence of experiments in terre- 

D 4 {trial 
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{trial bodies. But I anfwer, that the 
experiments in terreftrial bodies come ta 
no account. For the attraction of ho- 
mogeneous fpheres near their furfaces, 
are (by Prop. 72) as their diameters, 
Whence a {phere of one foot in diame- 
ter, and ofa like nature to the Earth, 
would attra& a fmall body placed near its 
furface with a force 20000000 times lefs, 
than the Earth would do if placed near 
its furface. But fo fmall, a force could 
produce no fenfible effect. If two fuch 
fpheres were diftant but by 7 of an inch, 
they would not even in fpaces void of 
refiftance, come together by the force of 
their mutual attra&ion in lefs than a 
months time. And lefs fpheres will 
come together at a rate yet flower, viz. 
in the proportion of their diameters, 
Way, whole mountains will not be fuffici- 
ent to produce any fenfible effet. A 
mountain of an hemifphericalfigure, three 
miles high, and fix broad, will not, by its 
attraction, draw the pendulum 2 minutes 

out of the true perpendicular: And itis 
only in the great bodies of the Planets 
that thefe forces are to be perceived, un- 
lefs we may reafon about fmaller bodies 

[X] inmanner following. 

Ler 
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C 

Lr T ABCD reprefent the globe of Hie: 
the Earth, cut, by any plane which notwithftand- 
AC, into two parts ACB, ing, these pero 

Sn ACD. cher pare AGB Ls e das 
bearing upon the part ACD proportional to their 

preffes it with its whole weight: quantities of matter, 
Nor can the part ACD fuftain this 
preffure and continue unmoved, if itis | 
not oppofed by an equal contrary preí- 
fure. And therefore the parts equally 
prefs each other by their weights, that 
is, equally attra&t each other, according 
to the third Law of. Motion; and if fc- 
parated and let go, would fall towards 
cach other with velocities reciprocally 
as the bodies. All which we may try 
and fee in the load-ftone, whofe attract- 

ed. 
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Proved that the fame 
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ed part does not propel the part attract- 
ing, but is only ftopped and fuftained 
thereby. 

Suppofe now that ACB reprefents fome 
{mall body on the Earth's furface; then 
becaufe the mutual attractions of this 
particle and of the remaining part ACD 
of the Earth towards each eee are 
equal; but the attraction of the particle 
towards the Earth (or its weight) 1s as 
the matter of the particle (as we have 
proved by theexperiment of the pendu- 
lums) the attra@ion of the Earth to- 
wards the particle, will likewife be as. 
the matter of the particle. And there- 
fore the attractive forces of all terreftrial 
bodies will be as their feveral quantities 
Of matter. 

THE forces, which are as the matter 
in terreftrial bodies of all forms, 

forces tend towards and therefore are not mutable 

the celetlial BEdide swath the forms, mitt be fouHe. 

Ux] 

in all forts of bodies whatfoever, celeftial 
as well as terreftrial, and be in all pro- 
portional to their quantities of matter, 
becaufe among all there is no difference of 
fubftance, but of modes and forms on- 

ly. But in the celeftial bodies, the fame 
thing is likewife proved thus. We have 
thewed, that the action of the circum- 
p force upon all the Planets (redu- _ 

ced 
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ced to equal diftances) isas the matter of 
the Planets; That the ation of the cit- 
cumjovial force upon the fatellites of Tu- 
piter obferves the fame law; and the 
fame thing is to be faid of the attraCtion 
of all the Planets towards every Planet: 
But thenceit follows (by Prop.69) that 
their attra&ive forces are as their feveral 
quantities of matter. 

As the parts of the Earth mutually at- 
tra& one another, fo do thofe = That from the fur- 
ofall chePlanets.^ If Jüpiter and: faces (of the Planets, 
: « , . reckoning: outward, 
its fatellites were brought toge- ine, forces decreafe 
ther, andformedinto one globe, inthe duplicate; but, 

without doubt they would con- Re eee oe 
tinue mutually to attract one of the diftances from 

another as before. And onthe theircenters. 
other hand, if the body of Jupiter was 
broke into more globes, to be fure, thefe 
would no lefs attract one another than they 
do the fatellitesnow. From thefe attra- 
ctions it is that the bodies of the Earth, 
and all the Planets affe& a fpherical figure, 
and that their parts cohere, and are not 
difperfed through the /Ether. But we have 
before proved that thefe forces arife from 
the univerfal nature of matter, and that p, 2:6. 
therefore the force of any whole globe is 
made up of the feveral forces of all its 
parts. And from thence itfollows (by - 

Cor.5. Prop.74) that the force of every 
par- 
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particle decreafes in. the duplicate pro- 
portion of the diftance from that parti- 
cle; and (by Prop. 73 and 75) that the 
force of an entire globe,  reckoning from 

?.219, the furface outwards, decreafes in the 

"^  . duplicate, but reckoning inwards, in the 
fimple proportion of the diftances, from 
the centers, if the matter of the globe 
be uniform. And though the matter of 

P.226, the globe, reckoning from the center to- 
je wards the furface, is not uniform, yet 

the decreafe in the duplicate proportion 

of the diftance outwards would ( by 
 fProp.76) take place, provided that dif- 
formity is fimilar in places round about at 
equal diftances from the center. And 
two fuch globes will (by the fame Pro- 
pofition) attra& one the other with a 
force decreafing in the duplicate pro- 

| portion of the diftance between their 
[* . centers. 

WHEREFORE the abfolute force of 
The quantities of CVETY globe is as the quantity 

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

Luba hae Me "is tains: But the motive force by 
which every globe is attracted 

towards another, and which, in terre- 
ftrial bodies, we.commonly call their 
weight, is as the content under the quan- 
tities of matter in both globes applied 
to the fquare of the diftance between 

their 
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their centers (by Cor. 4. Prop. 76.) to 
which force the quantity of motion, by 
which each globein a given time willbe 
carried towards the other, is proporti- 
onal. And the accelerative force, by 
which every globe according to its quan- ; 
tity of matter is attraded towards ano- 
ther, is as the quantity of matter in that 
other globe applied to the fquare of the 
diftance between the centers of the two 
(by Cor. 2. Prop. 76.) to which, force, 
the velocity, by which the attracted globe 
will, inagiventime, be carried towards 
the other, is proportional. And from 
thefe principles well underftood, it will 
be now eafy to determine the motions of 
the celeftial bodies among themfelves. 

FROM comparing the forces of the 
Planets one with another, we  -rhatall the Planets 
have above feen that the cir- revolve about the Sun. 
cumfolar does more than a thoufand 
times exceed all the reft. But by the 
action of a force fo great, it is unavoid- 
able but that all bodies within, nay and 
far beyond, the bounds of the planetary 
fyftem, muft defcend directly-to the Sun, 
unlefs by other motions they are im- 
pelled towards other parts: Nor is our 
Earth to be excluded from the number 
of fuch bodies. For certainly the Moon 
is a body of the fame nature with the 

Planets, 
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Planets, and fubje&t to the fame attracti- 
ons with the other Planets, feeing it is 
by the circumterreftrial force that it is 
retained in its orbit. Butthat the Earth 
and Moon are equally attracted towards . 
the Sun, we have above proved: We 
have likewife before proved, that all bo- 
dies are fubje& to the faid common laws 
of attraction. Nay, fuppofing any of 
thofe bodies to be deprived of its circular 
motion about the Sun, by having its di- 
ftance from the Sun we may find (by 
"Prop. 36) in what {pace of time it would, 
in its defcent, arrive at the Sun; to wit, 
in half that periodic time in which the 
body might be revolved at one half of 
its former diftance; or, in a {pace of 
time that is to the periodic time of the 
planet as 1 to 44/2. ‘Asthat Venus in 
its defcent would arrive at the Sun in 
the {pace of 40 days, Jupiter in the fpace 
of two years and one month; and the 
Earth and Moon together in the {pace 
of 66 days and 19 hours. But fince no 
fuch thing happens, it muft needs be 
that thofe bodies are moved towards other 

P.5. Vol parts. Nor is every motion fufficient 
A, for this purpofe. To hinder fuch a de- 

f{cent, 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, 

| Unlefs ~ 
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Unlefs the circumfolar force decreafed 
in the duplicate ratio of their increafing 
flownefs, the excefs thereof would force 
thofe bodies to defcend to the Sun. For 
inftance, if the motion (ceteris parz- 
bus) was retarded by one half, the pla- 
nct would be retained in its orb by one 
fourth of the former circumfolar force, 
and by the excefs of the other three 
fourths would defcend to the Sun. And 
therefore the Planets (Saturn, Jupiter, 
Mars, Venus, and Mercury) are not re- 
ally retarded in their perigees, nor be- 
come really ftationary, or regreflive with 
flow motions. All thefe are but appa- 
rent, and theabfolute motions, by which 
the Planets continue to revolve in: their 
orbits, are always direct and nearly equa- 
ble. But that füch motions areperform- 
ed about the Sun, we have already pro- 
ved; and therefore the Sun, as the cen- 
ter of the abíolute motions, is quief- 
cent. For we can by no means allow 

 quiefcence to the Earth, left the Planets 
in their perigees fhould indeed be truly 
retarded, and become truly ftationary and 
regreflive, and fo for want of motion 
fhould defcend to the Sun. But further, 
fince the Planets (Venus, Mars, i ni 
and the reft) by radii drawn to the Sun 
defcribe regular orbits, and area's (as 
wehavefhewed) nearly and to fenfe pro- 

portional 
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portional to the times, it follows (by 
Prop. 3, and Cor. 3, Prop. 65) that 
the Sun is moved with no notable force; 
unlefs perhaps with fuch as all the Pla- , 
nets are equally moved with, according 
to their feveral quantities of matter, in 
parallel lines, and fo the whole fyftem 
is transferred in right lines. Reject that 
tranflation of the whole fyftem, and the 
Sun will be almoft quiefcent in the cen-: 
ter thereof. If the Sun was revolved 
about the Earth, and carried the othet 
Planets round about itfelf, the Earth 
ought to attrad the Sun with a great 
force, but the circumfolar Planets with 
no force producing any fenfible effec, 
which is contrary to Prop. 3, Cor. 65. 
Add to this, that if hitherto the Earth; 
becaufe of the gravitation of its parts, 
has been placed by moft authors in the 
lowermoft region of the Univerfe; now 
for better reafon, the Sun pofleffed of a 
centripetal force exceeding our terreftrial 
gravitation a thoufand times and more; 
ought to be depreffed into the lower- 
moft place, and to be held for the center 
of the fyftem. And thus the true dif- 

.pofiüon of the whole fyftem will be 
. more fully and more exactly underftood. 

BECAUSE 
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Because the fixed Stars are quief ?. 232, 

cent one in refpect of another, we may ^^ 
confider the Sun, Earth, and Pla- phos the common 
nets as one fyftem of bodies center of gravity of 
carried hither and thither by dui ic io dc 
various motions among them- isagitated witha ve- 
felves; and the commoncenter "y flow motion, This 

TP motion defined 
of gravity of all (by Cor. 4. of 
the Laws of motion) will either be quicf- 
cent, or move uniformly forward in a right 
line: In which cafe the whole fyftem 
will likewife move uniformly forward 
in right lines. But this is an hypothe- 
fis hardly to be admitted. And there- 
fore fetting it afide, that common cen- 
ter will be quiefcent: And from it the 
Sun is never far removed. The com- 
mon center of gravity of the Sun and 
upiter falls on the furface of the Sun. 
And though all the Planéts were placed 
towards the fame parts from the Sun 
with Jupiter, the common center’ of 
the Sun and all of them would fcarce- 
ly recede twice as far from the Sun's cen- 
ter. And therefore though the Sun, ac- 
cording to the various fituation 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 quiefcent center of the whole fy- 

ftem. But from the weights of the Sun 
E and 
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and Planets above determined, and the 
fituation of all among themfelves, their 
common center of gravity may be found, 
and this being given, the Sun’s place to 
any fuppofed time may be obtained. 

Asour the Sun thus librated the 

That the Planets Other Planets are revolved in 

xir d e elliptic orbits, and, by radii 
volvedin ellipfes,ha-. 4... i y 
gister focii the drawn to the Sun, deícribe a 
Sun; and by radii rea’s nearly proportional to the 
drawn to the Sun de- 
fcribe area's pro- 

times, as is explained in ‘Prop. 
portional ‘to | the 65. If the Sun Was quiefcent, 

times. 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 
Prop. 11, and Cor. 1. Prop. 13.) But 
the actions of the Planets among them- ' 
íclves, compared with the actions of the 
Sun on the Planets, are of no mo- 

ment, and produce no fenfible errours. 
And thofe errours are lefs in revoluti- 
ons about the Sun agitated in the man- 
ner but now defcribed, than if thofe re- 
volutions were made about the Sun qui- 
cícent (by Prop. 66, and Cor. Prop. 68) 
cfpecially 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 fo of 
the reft. And by this means the foci 
of the orbits of all the Planets except 
Saturn, will not be fenfibly removed 
from the center of the Sun, nor will 
the focus of the orbit of Saturn recede 
fenfibly from the common center of 
gravity of Jupiter and the Sun. And 
therefore aftronomers 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 felf, the er- 
rour thence arifing 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 fhall hap- 
pen to agree better with the phznome-. 
na, from thénce all that we have faid 
will be farther confirmed. [3] 

Ir the Sun was quiefcent and the 
Planets did not ad ONE On di. Goles timenfions 
other, the aphelions and nodes of the orbits, and of 
of their orbits would likewife thé motions of their 

j ., aphelions and nodes, 
(by Prop. 1. 11, and Cor. Prop. Eo 
13) be quiefcent. And the longer, ax- 
es of their elliptic orbits would (by Prop. 
1$) be as the cubic roots of the fquares 

1 | of 
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of their periodic times : And therefore 
from the given periodic times would be 
alfo given. But thofe times are to be 
meafured not from the equino&ial points, 
which are moveable, but from the firft 
Star of Aries. Put the femi-axe of the 
Earth's orbit 100000, and the femi-axes 
of the orbits of Saturn, Jupiter, Mars, 
Venus and Mercury, from their periodic 
times will come out 953806,520116, 
152399,72333,38710 refpectively. But 
from the Sun’s motion every femi-axe is 
encreafed ( by Prop. 60) by about one 
third of the diftance of the Sun’s center 
from the common center of gravity of 
the Sun and Planet. And from the acti- 
ons of the exterior Planets on the inte- 
riour, the periodic times of the interi- 
our are fomething protraded, though 
{carcely by any fenfible quantity; and 
their aphelions are transferred (by Cor. 
6 and 7. Prop. 66) by very flow mo- 
tions in confequentia. And on the like 
account the periodic times of all, efpe- 
cially of the exteriour Planets, will be 
prolonged by the ations of the comets, 
if any fuch there are, without the orb | 
of Saturn, and the aphelions of all will 

be thereby carried forwards in confe- 
guentia. But from the progrefs of the 
aphelions, the regrefs of the nodes fol- 
lows (by Cor. 11, 13. Prop. 66.) And 

: ULT ifl 
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if the plain of the Ecliptic is quiefcent, 
the regrefs of the nodes (by Cor. 16. 
Prop. 66) willbe to the progrefs of the 
aphelion in every orbit, as the regrefs of 
the nodes of the Moon’s orbit to the 
progrefs of its apogwon nearly, that is, 
as about ro to 21. But aftronomical 
Obfervations feem to confirm a very flow 
progrefs of the aphelions, and a regrets 
of the nodes in refpe&t 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, {pend almoft 
their whole time in the regions beyond 
the Planets; as we fhall afterwards ex- 
plain more at large. 

$3 

TH tz Planets thus revolved ‘about 2.257. 

the Sun , may at the fame 
time carry others revolving a- 
bout themfelves as Satellites or 
Moons, as appears by Prop. 66. 
But from the a&ion of the Sun, 
our Moon muít move with 
greater velocity, and, by a radi- 

253, 254. 

All the motions of 
the.Moon that have 
hitherto been  ob- 
ferved by aftrono- 
mers,- derived from 
the foregoing prin 
ciples, 

us drawn to the Earth, defcribe an area 
greater for the time; it muft have its or- 
bit lefs curve, and therefore approach 
nearer to the Earth, in the fyzygies than 

E 3 in 
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in the quadratures, except in fo far as 
the motion of eccentricity hinders thofe 
effects. For the eccentricity is greateft 
when the Moon’s apogeon is in the fy- 
zygies, and leaft when the fame is in the 
quadratures ; and hence it is that the peri- 
gcon-Moon is fwifter and nearer to us, 
but the apogzon-Moon flower and far- 
ther from us, inthe fyzygiesthan in the 
quadratures. But further, the apogzon 
has a progreflive, and the nodes a regref- 
five motion, both unequable. For the 
apogzon is more fwiftly progreflive in 
its fyzygies, more flowly regreflive in its 
quadratures, and by the excefs of its prot 
greís above its regrefs is yearly transfer- 
red in confequentia ; but the nodes are 
quicfícent in their fyzygies, and moft 
{wiftly regreflive in their quadratures. 
But further ftill, the greateft latitude of 
the Moon is greater in its quadraturesthan 
in its fyzygies ; and the mean motion 
{wifter in the aphelion of the Earth than 
in its perihelion. |More inequalities in 
the Moon’s motion have not hitherto been 
taken notice of by aftronomers: But 
all thefe follow from our principles in 
Cor. 2, 35/45 50> 95:85, 9,! 30s EL, 1.88 
Prop. 66. and are known really to cxift 
in the heavens. And this may be feen 
in that moft ingenious, and, if I miftake 

not, of all the moft accurate, nypote 

6 | Ng 
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fis of Mr. Horrox, which Mr. Flamfteed 
has fitted to the heavens. But the aftro- 
nomical hypothefes are to be correct- 
ed in. the motion of the nodes. For 
the nodes admit the greateít equation 
or profthapherefis in their oQants, and 
this inequality is moft conípicuous, 
when the Moon is in the nodes, and 
therefore alfo in the octants, and hence it 
was that Tycho, and others after him, 
referred this inequality to the odtants 
of the Moon, and made it menftrual. 

“But the reafons by us adduced prove 
that it ought to be referred to the 
octants of the nedes, and to be made 
annual. 

BEsiDE thofe inequalities taken no- P- 253: 
tice of by aftronomers, there are yct ?? ̂^" 
fome others by which the  ,.uttmeoter - 
Moon's motions arefodifturbed, unequable motions 
that hitherto by no law could that hitherto have not 

‘ een obferved. 
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 well as 
the difference betwixt the greateft eccen- 
tricity in the fyzygies and the leaft in the 
quadratures, and that inequality which - 
we call the variation, in the progrefs of 
the year are augmented and diminifhed 
(by Cor. 14, Prop. 66) in the triplicate 

n 4 ratio 
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ratio of the Sun's apparent diameter, 
Befide that, the variation is mutable near- 
ly inthe duplicate ratio of the time be- 
tween the quadratures (by Cor.1 and 2, 
Lemm. 1o) and Cor. 16, Prop. 66.) 
And all thofe inequalities are fomething 
ereater in that part of the orbit which 
refpe&s the Sun, than in the oppofite 
part, but by a difference that 1s fcarcely or 
not at all perceptible. 

By a computation, which for bre- 
And the diftance Vities fake I do not defcribe, I 

of the Moon from alfo find that the area. which 
the Earth to any gi- 
yen time, 

the Moon by a radius drawn 
to the Earth, defcribes in the 

feveral equal moments of time, is nearly 
as the fum of the number 237 ;& and ver- 
fed fine of the double diftance of the 
Moon from the neareft quadrature in a > 
circle whofe radius is unity; and there- 
fore that the fquare of the Moon’s di- 
{tance from the Earth, is as that fum di- 
vided by the horary motion of the Moon, . 
Thus it is when the variation in the 
odtants is in its mean quantity. But if 
the variation is greater or lefs, that ver- 
fed fine muft be augmented or diminifh- 
ed in the fame ratio. Let aftronomers 
try how exaály the diftances thus found 
will agree with the Moon's apparent di- 
ameters. —^' 

FROM 
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From the motions of our Moon we ?: 254 
may derivethe motions of the | 
Moons or Satellites of Jupiter dares of. Tu | 
and Saturn.  Forthe mean mo- ter andSaturn, deri- 
tion of the nodes of the out- Yedfrom the motions. hei Mcd : of our Moon. 
moft fatellite of Jupiter 1s 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 fimple proportion of the perio- 
dic time of the fatellite about Jupiter to 
the periodic time of our Moon about 
the Earth (by Cor.16, Prop. 66.) And 
therefore thofe nodes, in the fpace of an 
hundred years, are carried 8° 24! back- 
wards, or in antecedentia. The mean 
motions of the nodes of the inner fatel- 
lites aretothe (mean) motion of (the 
nodesof) the outmoft as their periodic 
times to the periodic time of this, by the 
fame corollary, and are thence given. 
Andthe motion of the apfis of every ía- 
tellite in cozfequentia 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 fame corol- 
lary) andisthence given. The greateft 
equations of the nodes and line of the 
apíes of each fatellite are to the greateft 
equations of the nodes and the line of 

the 
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the apfes of the Moon refpcQtively, as 
the motion of the nodes and line of the: 
apíes of the fatellitesin the time of one 
revolution of the firft equations, to the- 
motion of the nodes and apogzxon of the 
Moon in the time of one revolution of 
the laft equations. ‘The variation of a 
fatellite feen from Jupiter is to the vari- 
ation of our Moon, in the fame propor- 
tion as the whole motions of their nodes 
refpedively, during the times in which 
the fatellite and our Moon (after parting 
from) are revolved (again) to the Sun 
by the fame corollary ; and therefore in 
the outmoft fatellite the variation does 
not exceed 5" 12", From the fmall quan- 
üty of thofe inequalities, and the flow- 
nefs of the motions, it happens that the 
motions of the fatellites are found to be 
fo regular, that the more modern aftro- 

 nomers either deny all. motion to the 
nodes, or affirm them to be very flowly 

[X] regreflive. 

P. 238. 

1 

Wnunrrzr the Planetsare thus revolved 

That the Planets, in 111 Orbits about’ remote centers, 
refpe& of the fixed in the mean time they make 
Stars, are revolved 
by equable motions 

their feveral rotations about their 
about their proper proper axes; the Sun, in 26 
axes, Andthat (per- days; Jupiter in oh $6! ; Mars, 

haps) thofe motions . Pee Ve f h inni 
are the moft fit for 111 245^5 Venus, 1n 23^5 al 

the equation of time. that in plains not much inclined 

I to 
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to the plain of the Ecliptic, and accord- 
ing to the order of the figns, as aftrono- 
mers determine from the fpots or maculz, 
that by turns prefent themfelyes to our. 
fight in their bodies. And there isa like 
revolution of our Earth performed in 
24^. And thofe motionsare neither ac- [x] 
celerated nor retarded by the actions of 
the centripetal forces, as appears by Cor. 
225. Prop. 66.,..And therefore of all 
others they are the. moft equable and 
moft fit for the menfuration of time. 
But thofe revolutions are to be reckoned 
equable, not from their return to the 
Sun, but to fome fixed Star: For as the 
pofition of the Planets to the Sun is une- 
quably varied, the revolutions of thofe 

. Planets from Sun to Sun are rendered un- 
equable. 

In like manner is the Moon revolved wid. 
about itsaxe by a motion moft hat the Moon 
equable in refpe&t of the fixed likewife is revolved 
Stars, viz. in 274 7h 43!', that dapib bp 
is, in the fpace of a fydereal thatits libration does 
month; fo that this diurnal mo- thence rife. 
tion is equal to the mean motion of the 
Moon in its orbit. Upon which account, 
the fame face of the Moon always re- 
{pects the center about which this mean 
motion is performed, that is, the exte- 
riour focus of the Moon’s orbit nearly. 

And 

s 

UE USER P SEES E 
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And hence arifes a deflexion of the 

^" Moon's face from the Earth, fometimes - 
A towards the eaft, and other times to- 

wards the weft, according to the pofition 
of the focus which it refpedss ; and this 
deflexion is equal to the equation of the 
Moon’s orbit, or to the difference be- 
twixt its mean and true motions. And 
this is the Moon's libration in longitude. 
But it is likewife affected with a libration 
-in latitude arifing from the inclination 
of the Moon's axe to the plain of the 
orbit im which the Moon is revolved. 
about the Earth. For that axe retains 
the íame pofition to the fixed Stars 
nearly, and hence the poles prefent 
themíelves to our view by turns: As 
We may underftand from the example 
of the motion of the Earth, whofe poles, 
by reafon of the inclination of its axeto 
the plain of the Ecliptic, are by turns 
illuminated by the Sun. To determine 
exactly the pofition of the Moon's axe to 
the fixed Stars, and the variation of this 

| pofition, is a problem worthy of an aftro- 
U*l nomer. | . 

By reafon of the diurnal revolutions 
Of the preceffion of Of the Planets, the matter which 

the equinoxes, and they contain endeavours to re- 
ithe dite 1 

von of the axerofthe, cece from the axes of this moti- 
Earthand Planets. On; andhencethe fluid parts ri- 

fing 
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fing higher towards the equator than about ?- 239 
the poles, would lay the folid parts about 
the equator under water, if thofe parts 
did not rife alfo. Upon which account 2. 239, 
the Planets are fomething thicker about 4+ 745 
the equator than about the poles, and 
their equino@ial points thence become p, 252. 
regreflive, and their axes by a motion 
of nutation, twice in every revolution 
ibrate 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 telefcopes, does not 
appear altogether round, but having its p. 244. 
diameter that lies parallel to the Ecliptic, 
fomething longer than that which isdrawn 
from north to fouth. 

AND from the diurnal motion and p.5,5 s 
the attradions of the Sun and Moon, 2°: 
our Sea ought twiceto rife and ^ That the fea ought 
twice to fall every day, as well (We 75 Shields 
Lunar as Solar (by Cor. 19, day; thatthe higheft 
20, Prop. 66) and the great- water muft fall out ia 
eft height of the water to hap- 4. appuie apy ON 
pen before the fixth hour of minaries to the meri 
either day, -and after the twelfth 4!” of the place 
hour preceding. By the flownefs 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 fixth hour. Burtill that time is morc 
certainly determined by the phenome- . 
na, choofing the middle between thofe 
extremes, why may we not conjc&ure 
the greateft height of the water to hap- 
pen at the third hour? for thus the wa- 
ter will rife all that time in which the 
force of the luminaries to raife it is 
greater, and will fall all that time in 
which their force is lefss zz. from the 
ninth to the third hour when that force is 
greater, and from the third to the ninth 
when it is lefs. The hours I reckon from 
the appulfe 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 underftand the twenty- 
fourth :parts of that time which. the 
Moon fpends before it comes about 
again by its apparent diurnal motion to 
the meridian of the place, which it left 
the day beforc. 

Bur the two motions which the two 

That the greatet lUminaries raife will not appear 
tides happen in the diftinguifhed, but will make a 
fyzygies of thelumi- certain mixt motion. In the con- 
naries, the leaft in 
their quadratures : and that, at the third hour after the appulfe of 
the Moon to the meridian of the place, Butthatout of the fyzy- 
gies and quadratures thofe greateft and leaft tides deviate a little 
from that third hour towards the third hour after the appulfe of the 
Sun to the meridian. 

junction 
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junGion oroppofition of the luminaries, 
their forces will be conjoined and bring 
on the greateft flood and ebb. In the 
quadratures the Sun will raife the wa- 
ters which the Moon deprefleth, and de- 
prefs the waters which the Moon: rai- 
feth, and from the difference of their for- 
ces, the fmalleft of all tides will follow. 
And becaufe (as experience tells us) the 
force of the Moon 1s greater than that 
of the Sun, the greateft height of the 
water will happen about the third lunar 
hour. Out of the fyzygies and) qua- 
dratures the greateft tide, which by the 
fingle force of the Moon ought to fall 
out at the third lunar hour, and by the 
fingle force of the Sun at the third fo- 
lar hour, by the compound forces of 
both muft 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 pafling from the fyzygies to the qua- 
dratures, during which time the 34 hour 
of the Sun precedes the 34 of the Moon, 
the greateft tide will precede the 3d lunar 
hour ; and that by the greateft interval a 
little after the o&ants of the Moon; and 

by like intervals, the greateft tide will fol- 
low the 54 lunar hour, while the Moon 
is pafling from the quadratures to the 
fyzygies. | 
coe bur 
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Burt the effects of the luminaries 
depend upon their diftances 

greateft when the lu- from. the Earth. - For when 

minaries arein their they are lefs diftant, chis at 

perigees. 
. fe&s are greater, and when 

more diftant their effects are lefs, 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 fyzygies fome- 
thing greater, and thofe in the. quadra- 
tures fomething lefs, ceteris paribus, than 
in the fummer feafon; andevery month 
the Moon, while in the perigee, raifeth 
greater tides than at the diftance of 15 
days before or after, when itis in its 
apogee. Whence it comes to país that 
two higheft tides do not follow one the 
other, in two immediately fucceeding 
fyzygies. 

ira effe& of either luminary doth 

That the tides are likewife depend upon its decli- 
greateft about the e- nation or diftance from the e- 
quinoxes, quator. For if the luminary 

was placed at the pole; it would con- 
ftantly attra&t all the parts of the wa- 
ters, without any intenfion or remiflion 
of its action, and could caufe 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- 
erees lofe their force, and on this account 
will excite lefler tides in the folftitial than 
in the equino@ial fyzygies. But in the 
folftitial quadratures, they will raife great- 
er tides than in the quadratures about 
the equinoxes; becaufe the effect of the 
Moon, then fituated in the equator, moft 
exceeds the effect of the Sun.  There- 
fore the greateft tides fall out in thofe 
fyzygies, and the leaft in thofe quadra- 
tures, Which happen about the time of 
both equinoxes. And the greateft tide in 
the fyzygies is always fucceeded by the 
leaft tide in the quadratures, as we find 
by experience. But becaufe the Sun is 
lefs diftant from the Earth in winter than 
in fummer, it comes to país that the 
greateft and leaft tides more frequently 
appear before than after the vernal equi- 
nox; and more frequently after, than be- 
fore the autumnal. ; 

MOREOVER, the effeds of thelu. 
minaries depend upon the lati- 
tudes of Ns à Let ApEP chan P. cub i 
reprefent the Earth, on all fides sreater and lefs al 
covered with deep waters; C its ^» 
center; P, pitspoles; AE theequator ; 
F any place without the equator; F f the 
parallel of the place; Dd the correfpon- 
dent parallel on the other fide of the 

- equator; L the place which the Moon 
: E : pot- 
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h 

poffefied three hours before; H the place 
of the Earth dire&ly under it; 4 the op- 
pofite place; K, & the places at 90 de- 
erees diftance; CH, C 7 the greateft 
heights of the Sea from the center of the 
Earth, and C K, C £, the leaft heights: 
and if with the axes H 5, K £, an ellipfe 
is defcribed, and by the revolution of that | 
ellipfe about its longer axe H 7, a fpheroid 
HPK Apk isformed; this fpheroid will 
nearly reprefent the figure of the Sea; 
and CF, Cf, CD, Cd, will reprefent 
the Sea in the places F, /; D, Z. But 
further, if in the faid revolution of the 
ellipfe any point N defcribes the circle 
NM, cutting the parellels F f; Dd in 
any places R, T, and theequator AE in 
S; CN will reprefent the height of the 
Sea in allthofe places, R, S, T, fituated 
in this circle. Wherefore in the diurnal re- 

| volution 
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volution of any placeF, the greateft flood 
willbe in F, atthe third Hour after the 
appulfeof the Moonto the meridianabove 
the horizon; and afterwards the greateft 
ebbin Q at the third hour after the fet- 
ting of the Moon, and then the greateft 
flood in f, at the third after the appulfe 
of the Moon to the meridian under the 
horizon, and laftly the greateft ebbin Q, 
at the third hour after the rifing of the 
Moon; and the latter floodin f; willbe - 
lefs than the preceding flood in F. For 

. the whole Sea is divided into two huge and 
hemifpherical floods, one in the hemi- 
{phere KH &C, on the north fide, the 
other in the oppofite hemifphere K H £C, 
which we may therefore call the northern 
and.the fouthern floods. Thefe floods be- 
ing always oppofite the one to the other, 
come by turns to the meridians of all 
places after the interval of twelve lunar 
hours. And feeing the northern countries 
partake more of the northern flood, and the 
fouthern countries more of the fouthern 
flood, thence arife tides alternately greater 
and lefs in all places without the equator, 
in whichthe luminaries rife and fet. But the 
greater tide will happen when the Moon 
declines towards the vertex of the place, 
about the third hour after the appulfe of 
the Moon to the meridian above the hori- 
zon; and when the Moon changes its de- 

| E32 clination, 

ap 



63 OF THE SYS TEM 

clination, that which was the greater tide 
will be changed into a leffer, and the 
greateft difference of the floods will fall 
out about the times of the folftices, efpe- 
cially if theafcending node of the Moon 
is about thefirft of Aries. So the morn- 
ing tides in winter exceed thofe of the 
evening, and theevening tidesexceed thofe 
of the morning in fummer ; at Plymouth 
by the height of one foot, but at Brz/7o/ by 
the height of 15 inches, according to the 
obfervations of Colepre/s and Sturmy. - 

Bu r the motions which we have 
That bythe confer. been defcribing fuffer fome alte- ' 

vation of theimpref- ration from that force of reci- 
fed motion, the dif- 
ference of the tides is 

procation which the waters [ha- 

diminifhed: and that VINg Ortce received] retain a lit- 
hence it may happen tle while by. their vis infita. 
thatthe 

ftrual ti 

reateft - > 
cwillbethe Whence it comes to país that 

third after the fyzy- the tides may continue for fome 
SY: time, though the actions of the 

luminaries fhould ceafe. This power of 
retaining the imprefled motion leflensthe - 
difference of the alternate tides, and 
makes thofe tides which immediately fuc- 
ceed dfter the fyzygies greater, and thofe 
which follow next after the quadratures 
lefs And hence it is that the alternate 
tides at Plymouth and Briffol, 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 greateft tides of all 
at thofe ports are not the firft but thethird 
after the fyzygies. 

And befides, all the motions are retard- 
ed in their paffage through fhallow chan- 
nels, fo that the greateft tides of all in 
fome ftreights and mouths of rivers, 
are thefourth, or even the fifth after the — 
Íyzygies. [*] 

IT may alfo happen that the greateft 
. tide may be the fourth or fifth — «4. the motions 

after the fyzygies, or fall out yet of the fea may be 
later, becaufe the motions of ttarded by impedi- 
the Sea are retarded in pafling Ree ie 
through fhallow places towards the fhores. 
For fo the tide arrives at the weftern 
coaft of Ireland atthe third lunar hour, 
and an hour or two after, atthe ports in 
the fouthern coaft of the fame ifland, as 
alfo at the iflands Caffiterides commonly 
Sorlings; then fucceflively at Falmouth, 
Plymouth, Portland, the ie of Wight, 
Winchefter, “Dover, the mouth of the 
Thames, and London-Bridge, {pending 
twelve hours in this paflage. But further 
the propagation of the tides may be ob- 
firu&ed even by the channels of the 
ocean itfelf, when they are not of depth 
enough; for the flood happens at the 
third lunar hour in the Canary lands, 
and at all thofe weftern coafts that lie 

E. to- 



70. OF THE SYSTEM 
towards the Atlantic ocean, as of Ire 
land, France, Spain, and all Africa to — 
the cape of Good-hope, except in fome 
fhallow places, where itis impeded, and 
falls out later; and in the ftreights of 

Gibraltar, where by reafon of a motion 
propagated from the Mediterranean Sea 
it flows fooner. But pafling from thofe 
coafts over the breadth of the ocean to 
the coafts of America, the flood arrives - 
firft at the moft eaftern fhores of Brajfile, 
about the fourth or fifth lunar hour, then 
at the mouth of the river of the Ama- 
zons, atthefixth hour, but at the neigh- 
bouring iflands, at the fourth hour; af- 
terwards at the iflands of Bermudas at 
the feventh hour, and at port St. 4u- 
guftin in Florida at feyen and a half. And 
therefore the tide is propagated through 
the ocean with a flower motion than it 

fhould be according to the courfe of the | 
Moon; and this retardation is very ne- 
ceflary, that the Sea at the fame time 
may fall between Bra/fileand New France, 
and rife atthe Czzzry Ilands, and on the 
coafts of Europe and Africa, and vice 
verfa: For the Sea cannot rife in one 
place but by fallingin another. And itis 
probable that the Pacific Sea 1s agitated 
by the fame laws. For in the coafts of 
Chili and Peru, the higheft flood is faid 
to happen at the third lunar hour. Bur 

| with - 
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with what velocity it is thence propagated 
to the eaftern coaftsof 7apan, the Phi- 

lippine and other iflands adjacent to Chi- 

7i 

na, I have not yet learned. 

FARTHER it may happen, 
tide may be propagated from the 
ocean through different chan- 
nels towards the fame port, and 

. may pafs quicker through fome 
channels than through others, 

that the P. 260. 
That from, the im- 

pediments of chan- 
nels and fhores, ya- 
rious phenomena do 
arife, asthat the fea 
may flow but once 

: : Y ,^ every day, 
in which cafe the fame tide, di- Yo 

vided into two or more fucceeding one 
another, may compound new motions 
of different kinds. Let us fuppofe one 
tide to be divided into two equal tides ; 
the former whereof precedes the other 
by the fpace of fix hours; and happens 
at the third or twenty-feventh hour from 
the appulfe of the Moon to the meridian 
of the port. If the Moon at the time 
of this appulfe to the meridian was in 

. the equator, every fix hours alternately 
there would arife equal floods, which 
meeting with as many equal ebbs, would 
fo balance one the other, that for that 
day the water would ftagnate and remain 
quiet. If the Moon then declined from 
the equator, the tides in the ocean would 
be alternately greater and lefs as was faid. 
And from hence two greater and two 

lefler tides would be alternately propa- 

ye F 4 gated 
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gated towards that port. But the two 
greater floods would make the greateft 
height of the waters to fall out in the 
middle time betwixt both, and the great- 
er and leffer floods would make the wa- 

_ ters torife to a mean height in the mid- 

Philofoph. 

Tranf. N° 

162, 

dle time between them, and 1n the mid- 
dle time between the two leffer floods 
the waters would rife to their leaft height. 
Thus in the {pace of twenty-hours, the 
waters would come, nottwice, but once 
only to their greateft, and once only to 

their leaft height ; and their greateft height, 
if the Moon declined towards the eleva- 
ted pole, would happen at the fixth or 
thirtieth hour after the appulfe of the 
Moon to the meridian, and when the 
Moon changed its declination this flood 
would be changed into an ebb. 

Of all which we have an example in 
the port of Batfham, in the kingdom 
of Tunquin, in the latitude of 20° $0! 
north. In that port on the day which . 
follows after the paflage of the Moon. 
over the equator the waters flagnate: 
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 fet- 
ting, and the greateft ebb at the rifing 
of the Moon. This tide encreafeth with 
the declination of the Moon, till the fe- 

is venth 
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venth or eighth day ; then for the feventh 
or eighth day following, it decreafeth at 
the fame rate as it had increafed before, 
and ceafeth when the Moon changeth its 
declination. After which the flood is 
immediately changed into an ebb; and 
thenceforth the ebb happens at the fet- 
ting, and the flood at the rifing of the 
Moon; till the Moon again changes its 
declination. There are two inlets from 
the ocean to this port; one more direc 
and fhort between the ifland Hainan 
and the coal of Quantung, a province 
of China; the other round about be- 
tween the fame ifland and the coaft of 
Cochim: And through the fhorter paf- 
fage the tide is fooner propagated to 

 Batfbam. [*] 

, 23 

In the channels of rivers, the influx 
and reflux depends upon the 

yu "ocho That the times of 
current of the rivers, which Ob- the tides within the. 
ftruàs the ingreís of the waters channels qnm 

^ ,; more unequal than from the Sea, and promotes ji the ocean, | 
their egrefs to the Sea, making 
the ingrefs later and flower, and the 
egreís fooner and fafter. And hence it 
1s, that the reflux is of longer duration 
than the influx, efpecially far up the ri- 
vers, where the force of the Sea is lefs, 
So Sturmy tells us, that in the river 
Avon three miles below Brief, the wa- 

ter 
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ter flows only five hours, but ebbs feven. 
And without doubt the difference is yet 
greater above Bri/fol, as at Carefham or 
the Bath. This difference does likewife 
depend upon the quantity of the flux and 
reflux. For the more vehement motion 
of the Sea near the fyzygies of the lu- 
minaries more eafily overcoming the re- 

.fiftance of the rivers, will make the in- 
grefs of the water to happen fooner and | 
to continue longér, and will therefore 
diminifh this difference. But while the 
Moon is approaching to the fyzygies, 
the rivers will be more plentifully filled, 
their currents being obftruded by the 
ereatnefs of the tides, and therefore will | 
fomething more retard the reflux of the 
Sea a little after, than a little before the 
fyzygies. Upon which account the flow- 
eft tides of all will not happen in the 
fyzygies, but prevent them a little. And — 
I obferved above, that the tides before 
the fyzygies were alfo retarded by the 

force of the Sun. And from both caufes 
conjoined, the retardation of the tides 
will be both greater and fooner before 
the fyzygies. All which I find to be fo, 
by the tide-tables which Flam/ffeed has 
compofed from a great many obferva- | 
tions. 

Dv 
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— Bv the laws we have been defcribing, 
the times of the tides are/gos Nie. ire 
verned : But the greatneífs of greaterin greater and 

the tides dependsupon the great- deeper Seas; greater 
- .. onthe fhores of con- 

nefs of the Seas. Let. C repre- tinents thanotiflands 
fent the center of the Earth, in the HO of the 

a; and yet greater EADB the oval figure of the jj "fallow bays that 
Sea, CA the longer femiaxe of open with wideinlets 
this oval, CB the fhorter infift- to the Se 
ing at right angles uponthe former, D 

the middle point between A and B, and 
ECF or eCf the angle at the center of 
the Earth, fubtended by the breadth of 

the Sea that terminates in the fhores E, F, 
ore, f. Now fuppofing 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 
of the heights CA, CB reprefent the 
quantity of the tide in a very dcep MR 

Ur- 
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furrounding the whole Earth; the ex- 
cefs of the height CA above the height 
CE or CF, will reprefent the quantity of 
the tide in the middle of the Sea EF © 

terminated by the fhores E, F: andthe 
excefs of the height C e above the height 
Cf, will nearly reprefent the quantity 
ofthe tide on thefhores, f, of the fame Sea. 
Whence it appears that the tides are far 
lefs in the middle of the fea, than at the © 
fhores; and that the tides at the fhores 
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 lefs than to- 
wards either fide in the temperate Zones, 
where the Seas are extended wider, or 
onalmoft all the fhores of the Pacific 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 fea they {carce rife higher 
than two or three feet, but on the fhores 
of great continents are three or four times 
greater and above, efpecially if the mo- 
tions propagated from the ocean are by . 
degrees contracted into a narrow {pace, 
and the water, to fill and empty the 
bays alternately, is forced to flow and 
ebb with great violence through fhallow 
places; as Plymouth and  Chepfiow- 

Bridge 
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Bridge in England, at the mount of 
St. Michael and town of Avranches in 
Normandy, and at Cambaja and Pega 
in the Haff Indies. In which places, 
the fea hurried in and out with great 
violence, fometimes lays the. fhores un- 
der water, fometimes leaves them dry 
for many miles. Nor is the force of 
the influx and efflux to be broke till it 
has raifed or depreffed the water to forty 
or fifty feet and more. Thus alfo long 
and fhallow ftreights that open to the 
fea with mouths wider and deeper 
than the reft of their channel, (fuch as 
thofe about Britaim, and the Magellanic 
Streights at the eaftern entry) will have 
a greater flood and ebb, or will more 
intend and remit their courfe, and there- 
fore will rife higher and be depreffed 
lower. On the coafts of South Ame- 
rica, it isfaid that the Pacific Sea in its 
reflux fometimes retreats two miles, and 
gets out of fight of thofe that ftand on 
fhore. Whence in thefe places, the 
floods willbe alfo higher. But in deep- 
er waters the velocity of influx and ef- 

. flux is always lefs, and therefore the af. 
cent and defcentis fo too. Nor in fuch 
places is the ocean known to afcend to. 
more than fix, eight, or ten. feet. The 
quantity of the afcent I compute in the 
following manner. 

I ! LET 

oF 

[3] 
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ADAE Ler S reprefent the Sun, T the 

' A Earth, P the Moon, PAGB the Moon’s 

Bonne fore of the orbit. In SP take SK equal to 
tions of the Moon, 91 ahd SL to SK in the dupli- 
pur from the cate ratio of SK to SP. Pa- 
oregeing Principles. rallel to PT draw LM; arid 

fuppofing the mean quantity of the cir- 
cum-folar force directed towards the 
Earth to be reprefented by the diftance 
ST or SK, SL will reprefentthe quanti- 
ty thereof direded 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- 
prefented by TM do difturb the motion 
of the Moon (as appears from Prop. 66, 
and its Corollaries.) In fo far as the 
Earth and Moon are revolved about their 
common center of gravity, the Earth 
will be liable to the a&ion of the like 
forces. But wc may refer the fums as 
well of the forces as of the motions to 
the Moon, and reprefent the fums of the 

| forces 
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forces by the lines TM and ML, 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 quiefcent, at the 
diftance 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, Prop. 66) that is, in the 
duplicate ratio of 273 7h 43! to 3654 6h 
9', or as 1000 tO 178725, Or 1 t0 17822. 

The force by which the Moon may be 
revolved in its orb about the Earth in 

reft, at the diftance PT of 60: femi- 
diameters of the Earth, is to the force 
by which it may revolve in the fame time 
at the diftance of 60 íemi-diameters as 
60 ito 60; and this force is to the force 
of gravity with us as r to.60 X 60 
nearly. And therefore the mean force 
ML isto the force of gravity at the furface 
of the Earth as 1 X 60:1 to 60 X 60X60 

' X 17823, or I to 638092,6. . Whence 
the force TM will be alfo given from the 
proportion of thelines TM, ML. . And 
thefe are the forces of the Sun, by which 
the Moon’s motions are difturbed. 

Ir from the Moon’s orbit we defcend P. 305: 
to the Earth's furface, thole he force of the 
forces willbe diminifhed in the Sun to move the fea 

ratio of the diftances 602 and 1; compute’. 
and 
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and therefore the force LM will then - 
become 38604600 times lefs than the 
force of gravity. But this force ating 
equally every where upon the Earth, will | 
{carcely effect any change on the motion 
of the Sea, and therefore may be negle&- 
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 lefs than the 
[*] force of gravity. 

Suppose now ADBE to reprefent 
The height of the the fpherical furface of the 

tide under the equa- Earth. gD OE the furface of the 
tor, arifing from the anra 
force of the Sun,com- Water over-fpreading it, C the 
puted, center of both, A the place to 

which the Sun is vertical, B the place 

% 

P : € a . 

e y 
h é* 

a 
6 
a 

E a 
m a 

b:B : t E 3 Aa P a 

A : 
^ e 

* 
LÀ 
» 

oppofite 5 



OF THE WO!RED. 

oppofite; D, E, places at 90 degrees di- 
ftance from the former; ACEz/£a- 
right angled cylindric canal pafling 
through the Earth’s center. The force 
TM inany place isas the diftance of the 
place from the plain DE, on which a line 
from A to C infifts at right angles, and 
therefore in the part of the canal which is 
reprefented. by E C/m, is of no quantity ; 
but in the other part A C/&, isas the gra- 
vity at the feveral heights. For in de- 
Ícending towards the center of the Earth, 
gravity is (by Prop. 73.) every where as 
theheight. And therefore the force T M. 
drawing the water upwards will diminifh 
its gravity in the leg AC /£ of the canal 
in a given ratio ; upon which account 
the water will afcend in this leg, till its 
defect of gravity is fupplied by its greater 
height, nor will it reftin an equilibrium, 
till its total gravity becomes equal to the 
total gravity in EC/m the other leg of 
the canal. Becaufe the gravity of every 
particle is as its diftance from the Earth’s 
center, the weight of the whole water 
in either leg will increafe in the duplicate 
ratio of the height;and thereforethe height 

_of the water inthe leg A CZ7£ willbe to 
theheight thereof in the leg C/mE in 

‘the fubduplicate ratio of the number 
12868201 to 12868200, or in the ratio 
of the number 25623053 to the num- 

| ret ber 

8I 
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ber 25623052, and the height of the wa- 
ter in the leg EC/m to the difference 
of the heights, as 25623052 to r. But 
the height in the leg EClm is of 
19615800 Paris feet, as has been late- 

ly found by the menfuration of the 
French. | And therefore by the preceding 
analogy, the difference of the heights 
comes out 95 inches of the Parzs foot; 
and the Sun's force will make the height — 
of the Sea at A to exceed the height of 
the fame at E by o inches. And though 

| the water of the canal A C E m/k be fup- 
pofed to be frozen into a hard and folid 
confiftence, yet the heights thereof at A — 
and E, and all otherintermediate places, 
would ftill remain the. fame. 

LzerAsz.(in the following figure) re- 
The height of the Prefent that excefs of height of 

tides under the paral- nine inches at A, and hf the 
lels, arifing from the 
Sun's force, compu- 
ted. 

excefs of height at any other. 
place 4; and upon DC let fall 
the perpendicular /G, meeting 

the globe of the Earth in F. And be- 
caufe the diftance of the Sun is fo great 
that all the right lines drawn thereto 

-may be confidered as parallel, the force 
TM in any place f, will beto the fame | 
force in the place A, as the fine FG to 
the radius AC. Andtherefore fince thofe 
forces tend to the Sun in the diredion 

of 
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e. 

of parallel lines, they willgenerate the 
parallel heights Ff, Aa in the fame ra- 
tios and therefore the figure of the wa- 
ter Dfaed will be a fpheroid made by 
the revolution of an ellipfe about its 
longer axe ab. And the perpendicular 
height f/ will be to the oblique height 
Ffas f G to f C, orasFG to AC: and 
therefore the height fJ is to the height 
Aa in the duplicate ratio of FG to A C, 
that is, in the ratio of the verfed fine 
of double the angle D Cf to double the 
radius, and isthence given. And hence 
to the feveral moments of the apparent 
revolution of the Sun about the Earth, 
‘We may infer the proportion of the af 
cent and defcent of the waters at any 
given place under the equator, as wellas 

G2 of 
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of the diminution of that aícent and de- 
Ícent, whether arifing from the latitude 
of places or from the Sun's declination; 
viz. Thaton account of the latitude of 
places, the afcent and defcent of the fea 
isin all places diminifhed in the dupli- 
cate ratio of the co-fines of latitude ; 
and on account of the Sun's declina- 
tion, the afcent and defcent under the 
equator is diminifhed in the duplicate | 
ratio of the co-fine of declination. And 
in places without the equator, the half 
fum of the morning and evening af- 
cents (that is, the mean afcent) is 
diminifhed nearly in the fame ra- 
tio. , 

Let S and L refpettively reprefent 
haat the forces of the Sun and Moon 

‘The proportion of ; 
the tides under the Placed in the equator, and at 

equator, inthe fyzy- their mean diftances from the | 
einen te joint Earth, R theradius, Tand V the 
forces of both Sun verfed fines of double the com- 
awe plements of the Sun and Moon's 

declinations to any given time, D and E. 
the mean apparent diameters of the Sun 
and Moon: And, fuppofing F and G to^ 
be their apparent diameters to that 
given time, their forces to raife the 

tides under the equator will be, in the 

fyzygies, 
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Nw AN. C ia D ANE 
| 2 RE 2;RD: 

if the fame ratio is likewife obferved un- 
der the parallels, from obfervations accu- 
rately made in our northern climates we 
may determine the proportion of the 
forcesL and S; and then by means ofthis 
rule predi& the quantities of the tidesto 
every fyzygy and quadrature. 
poA pm mouth. ob the J| Ta osi o2 322; 1094] 

ver Avon, three milesbelow Brz- The force of the 
Jtol, in {pring and autumn, the RAM ee of tea 
whole afcent of the water in water thence arifing, 
the conjunction or oppofition of computed. 
the luminaries (by the obíérvation of 
Sturmy) is about 4§ feet, but in the 
quadratures only 25.  Becaufe the appa- 
rent diameters of the luminaries are not 
here determined, let us affüume them in 
their mean quantities, as well as the : 
Moon's declination in the equinodial 

.quadratures, in its mean quantity, that 
is, 23295 and the verfed fine of double 
its complement will be 1682, fuppofing 

. theradius to berooo. But the declina- 
tions of the Sun in the equinoxes and of 
the Moon in thefyzygiesare of noquan- 
tity, and the verfed fines of double the 
complements are each 2000. Whence 
thofe forces become L -]- S in the fyzy- 

quadratures, 

. 1682 ; 

- gies, and L— S inthe quadratures, 
2000 

G 3 re- 
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refpedively 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 

I$138 i 3E SIL LoS orl = 
2000 

28000 F 
S= 5778S 

But further, I remember to have been 
told, that in fummer the afcent of the - 
fea in the fyzygies, is to the afcent there- 
of in the quadratures as about 5 to 4. 
In the folftices themfelves it is probable 
that the proportion may be fomething 
lefs, as about 6 to, 5; whence it would 
follow that L is = 5<S. [For then the 

P IC Oe 1682 
proportion 1s L + S:L— 

2000 2000 

1682 

2000 
tainly determine the proportion from ob- ~ 
fervation, let us affume L — 55S; and 
fince the heights of the tides are as the | 
forces which excite them, and the force 
of the Sun is able to raife thetidesto the 

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

height of nine inches, the Moon's force . 
will be fufficient to raife the fame 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 obferve in the motion of 
the waters, and by which their motion 

once 
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once begun is kept up for fome time, 
there will be force enough to generate 
all that quantity of tides, which we 
really find in the ocean. 

87 

THus we have feen that thefe forces p. 310. 
are fufficient to move the fea. 
But, fo far as I can obferve, That thofe forces 

of the Sun and Moon 
they will not be able to pro- are fcarce fenfibleby 
duce any other effect fenfible any other effeé be- 
on our Earth. For fince the 
weight of one grain in 4000 
is not fenfible in the niceft balance; and 
the Sun’s force to move the tides is 
12868200 lefs than the force of gravity 3 

and the fum of the forces of both Moon 
and Sun, exceeding the Sun’s force only 
in the ratio of 64 to 1, is ftill 2032890 
times lefs than the force of gravity ; it is 
evident that both forces together are 500 
times lefs than what is required fenfibly to 
increafe or diminifh the weight of any 
body in a balance. And therefore they 
will not fenfibly move any fufpended bo- 
dy; nor will they produce any fenfible 
effe& on pendulums, barometers, bodies 
fwimming in ftagnant water, or in the 
like ftatical experiments. In the atmof- 
phere indeed they will excite fuch a flux 
and reflux as they do in the fea, but with 
fo fmall a motion that no fénfible wind 
wil! be thence produced. 

G 4. Ir 

fide the tides which 

they raife in the fea. 

[5 J 



88 OF IHE SYSTEM 

P. 311. Ir the effe&s of both Moon 
That the body ofthe and Sun in raifing the tides, .as 
Moon AMPH A well astheir apparent diameters, 
iore denie than tne 

body of the Sun. were equal among, themfelves, 
their abfolute forces would (by 

Cor. 14. Prop. 66.) be as their magni- 
tudes. But the effet of the Moon is to 
the effe& ofthe Sun as about 5 $ to 1 ; and 
the Moon’s diameter lefs than the Sun’s 
in the ratio of 31 2 to 325 or of 45 to 46. 
Now the force of the Moon is to be in- 
creafed in the ratio of the effe& direaly, © 
and in the triplicate ratio of the diameter 
inverfely- Whence the forceof the Moon 
compar with its magnitude will be tothe 

. force of the Sun compar'd with its magni- 
tude in the ratio compounded of 5 5 to r, 
and the triplicate of 4.5 to 4.6 inverfely, that 
is, in the ratio of about $ stor. And: 
therefore the Moon in refpe& of the mag- 
nitude of its body, has an abfolute cen- 
tripetal force greater than the Sun in re- 
fpe& of the magnitude of its body, in the 
ratio of 5 + to 1, and is therefore more 
denfe in the fame ratio. ; 

In the time of 274 7543! in which 
be M cias: the Moon makes its revolution 

more denfe than the about the Earth, a Planet may 
Earth in a ratio of a- be revolved about the Sun at the 
bout 3 to 2. . : 

diftance of 18,954. diameters of 
the Sun from the Sun's center, fuppo- 

fing 
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fing the mean apparent diameter of the 
Sun to be 324/. And in the fame time 
the Moon may be revolved about the 
Earth at reft, at the diftance of 30 of 
the Earth's diameters. If in both cafes the 
number of diameters was the fame, the 
abfolute circum-terreftrial force would (by 
Cor. 2. Prop.72)beto theabfolute circum- 
folar force as the magnitude of the Earth 
to the magnitude of the Sun. Becaufe 
the number of the Earth's diameters is 
greater inthe ratio of 30 to 18,954, the 
body of the Earth will be lefs in the tri- 
plicate of that ratio, that is, in the ra-. 
tio of 328 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 333 to 1, and confequently 
the Earth's denfity to the Sun's will be 
in the fameratio. Since then the Moon’s 
denfity is to the Sun’s denfity as 5 2, to 

1, the Moon’s denfity will be to the 
Earth's denfity as 5 3% to 32% or as 23 
to 16. Wherefore fince the Moon’s 
magnitude is to the Earth’s magnitude 
as about 1 to 414, the Moon’s abfolute 
centripetal force will be to the Earth’s 
abfolute 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 fame ratio. And hence the 

| common 
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common center of gravity of the Earth 
and Moon is more exaétly determined 

[3-] than hitherto has been done. From the 
knowledge of which we may now infer 
the Moon's diftance 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 phzno- 
mena of the tides, hoping that in the 
meantime the circumference of the Earth 
may be meafured from more diftant ftati- 
ons than any body has ps Neri for 
this purpofe. 

Tuus I have given an account of . 
the fyftem of the Planets. As 

Of the diftance of 
the fixed Stars. à 

of their annual parallax proves 
them to be removed to immenfe diftances 
from the fyftem of the Planets. That 
this parallax is lefs than one minute is 
moft certain; and from thence it follows 
that the diftance of the fixed Stars is above 
360 times greater than the diftance of 

Saturn from the Sun. Such as reckon 
the Earth oneof the Planets and the Sun 
one of the fixed Stars, may remove the 
fixed Stars to yet greater diftances by the 
following arguments. From the annual 
motion of the Earth there would happen 
an apparent tranfpofition of the fixed Stars, 

one 

\ 
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one in refpe& of another, almoft equal 
to their double parallax. But the greater 
and nearer Stars, in refpe& of the more 
remote, which are only feen by the te- 
lefcope, have not hitherto been obferved 
to have the leaft motion. If we fhould 
fuppofe that motion to be but lefs than 
20", the diftance of the nearer fixed 
Stars would exceed the mean diftance of 
Saturn by above 2000 times. Again, 
the difc of Saturn, which is only 17! 
or 18 in diameter, receives but about 

I 
2100000000 
much lefs is that difc than the whole 
fpherical furface of the orb of Saturn. 
Now if we fuppofe Saturn to reflect a- 
bout 4 of this light, the whole light re- 
fleted from its illuminated hemifphere 

of the Sun's light. For fo 

will beabout aou vue of the whole 
4.200000000 

light emitted from the Sun's hemifphere. | 
And therefore fince light is rarefied in 
the duplicate ratio of the diftance from 
the luminous body, if the Sun was 
10000 V 42 times more diftant than Sa- 
turn, it would yet appear as lucid, as 
Saturn now does without its ring, that 

. is, fomething more lucid than a fixed Star 
of the firft magnitude. Let us therefore 
fuppofe that the diftance from which the 
Sun would fhine as a fixed Star exceeds 

that 
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that of Saturn by about 100,000 times, 
and itsapparent diameter willbe 7Y r6vi, 
and its parallax arifing from the annual 
motion of the Earth 13". And fo great 
will bethe diftance, the apparent diame- 
ter, and the parallax of the fixed Stars 
of the firft magnitude in bulk and light 
equal to our Sun. Some may perhaps 
imagine that agreat part of the light of 

' the scd Stars is intercepted and loft in 
its paffage through fo vaít fpaces, and 
upon that account pretend to place the 
fixed Stars at nearer diftances. But at . 
this rate the remoter Stars could be fcarce 
feen.  Suppofe for example that + of the 
light perifh in its paflage from the neareft 
fixed Stars to us; then 4 will twice perifh 
in its paffage through a double {pace, . 
thrice through a triple, and fo forth. 
And therefore the fixed Stars that are at 
a double diftance will be 16 times more 
obfcure, viz. 4 times more obícure on 
account of the diminifhed apparent dia- 
meter; and again, 4 times more on ac- 
count of theloftlight. Andby the fame 
argument, the fixed Stars at a triple di- 
ftance, will be 9x44 or 144 times 
more obfcure, and thofe at a quadruple 
diftance will be 16%4%4%4 or 1024 
times more obfcure. But fo great a dimi- 
nution of light is no ways confiftent with 
the phenomena and with that hy pothe- 

2 E PETS 
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fis which places the fixed Stars at different 
diftances. 

THE fixed Stars being therefore atP.::5, 
fuch vaft diftances from one another, can ??* 
neither attra& each other fenfi- - 
bly, nor be attra&ted by our Sun. That the Comets as 

-, oftenas they become 
But the Comets muft unavoid- yiguietous,arenear- 
ably be aded on by the circum- er wi J VERE ur 
folar force. For as the Comets Toii longitude. 
were placed by aftronomers a- 
bovethe Moon, becaufe they were found. 
to have no diurnal parallax; fo their an- 
nual parallax is a convincing proof of 
their defcending into the regions of the 
Planets. Forall the Comets which move 
in a dire& courfe, according to the or- 
der of the figns, about the end of their 
appearance become morethan ordinarily 
flow, or retrograde, if the Earth is between 
them and the Sun; and more than ordi- 
narily fwift, if the Earth 1s approaching 
to a heliocentric oppofition with them. 
Whereas on the other hand, thofe which 
move againft the order .of the figns, to- 
wards the end of their appearance, ap- 
pear fwifter 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 fide of its 
Orbit. This is occafioned by the mo- 
tion of the Earth in different fituati- 

| ons. 
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ons. If the Earth go the fame way 
with the Comet, with a fwifter motion, 
the Comet becomes retrograde; if with 
a flower motion, the Comet becomes 
flower however; and if the Earth move 

. the contrary way, it becomes fwifter. . 
[*] And by colle&ing the differences between 

the flower and fwifter motions, and the 
fums of the more fwift and retrograde 
motions, and comparing them with the 
fituation and motion of the Earth from 
whence they arife, I found, by nieans of 
this parallax, that the diftances of the 
Comets at the time they ceafe to be vifi- 
ble to the naked eye, is always lefs than 
the diftance of Saturn ; and generally 
even lefs than the diftance of Jupiter. 

P,325, THE fame thing may be collected 
Thee proved from the curvature of the way 

from their parallax Of the Comets.  Thefe bodies 
isd kta go on nearly in great circles 

while their motion continues fwift ; but 
about the end of their courfe, when that 
part of their apparent motion, which a- 
rifes from the parallax, bears a greater 
proportion to their whole apparent mo- 
tion, they commonly deviate from thofe 
circles; and when the Earth goes to one 
fide, they deviate to the other. And 
this deflexion, becaufe of its correfpond- 
ing with the motion of the Earth, di 

Nid arife 
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arife chiefly from the parallax; and the 
quantity thereof is fo confiderable, as 
by my computation, to place the dif 
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- 
fcend below the orbits of Mars and the 
inferiour Planets. [3*1 

MorREOVER, this nearnefs of the 
Comets is confirmed by thean- the fame proved 
nual parallax of the orbit, in fo otherwife by the pa- 
far as the fame is pretty nearly ?!4* 
colle&ed -by the fuppofition that the 
Comets move uniformly in right lines. 
The method of colle&ing the diftance of 
a Comet according to this hypothefis 
from four obfervations, (firft attempted 
by Kepler, and perfected by Dr. Wallis 
and Sir Chriftopher Wren) is well known. 
And the Comets reduced to this regu- 

. larity generally pafs through the middle 
of the planetary region. Sothe Comets 
of the years 1607 and 1618, as their mo- 

. tions are defined by Kepler, pafled be- 
tween the Sun and the Earth; that of 
the year 1664 below the orbit of Mars; 
and that in 1680 below the orbit of Mer- 
cury, as its motion was defined by 
Sir Chriftopher Wren and others. By 
a like rectilinear hypothefis, 7Zeve/;us 

! placed 
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placed all the Comets about which we 
have any obfervations, below the orbit 
of Jupiter. “Tis a falfenotion therefore, 
and contrary to aftronomical calculation, 
which fome 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 perfe& regularity, unlefs we fuppofe 
them to país through the regions near 
the Earth in motion. And thefe are 
the arguments drawn from the parallax, 
fo far as it can be determined without 
.an exa& knowledge of the orbits and 
motions of the Comets. 

P.326,t0 ‘THE near approach of the Comets is 
"iom the liz, of sur ther confirmed from the light 
theComen hecicnn of their heads. For the light of 
po per T a celeftial body, illuminated by 
erg the Sun, and receding to remote 

parts, is diminifhed in the qua- 
druplicate proportion of the diftance, 
to wit, in one duplicate proportion on 
account of the increafe of the diftance 
from the Sun; andin another duplicate | 
proportion, on account of the decreafe 
of the apparent diameter. Hence it may 
be inferred, that Saturn being at a dou- 
ble diftance, and having its apparent 
diameter nearly half of that of Jupiter, 
muft appear about 16 times more obícure ‘ 

an 
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and that if its diftance were 4 times 
greater, its light would be 256 times 

.lefs ; and therefore would be hardly per: 
ceivableto 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 obferva- 
tions, equalled in brightnefs the light of 
a fixed Star of the firft magnitude; and 
its head, or the Star in the middle of the 
coma, appeared, through a telefcope of 
15 foot, as lucid as Saturn near the hori- 
zon. But the diameter of the head was 
only 25"; that is, almoft the fame with 
the diameter of a circle equal to Saturn 
and his ring. The coma or hair fur- 
rounding the head was about ten times 
asbroad; namely, 4% min. Again, the 
leaft diameter of the hair of the Comet 
of the year 1682, obferved by Mr. Flam- 
feed with a tube of 16 foot, and meafu- 
red with the micrometer, was 2! o". 
But the nucleus, or ftar in the middle, 

.fcarce poffeffed the tenth part of this 
breadth, and was therefore only 11" or 
.12" broad. But the light and clearnefs 
of its head exceeded that of the year 
1680, and was equal to that of the Stars 
of the firftor fecond magnitude. More- 
over, the Comet of the year. 1665 in 

April, as Hevelius informs us; exceed- - 

ed 
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ed almoft all the fixed Stars in fplendors 
and even Saturn it felf, 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 | 
firft magnitude. The diameter of the 
coma was about 6'; but the nucleus, 
compared with the Planets by means of 

&telefcope, was plainly lefs than Jupiter, — 
and was fometimes thought lefs, fome- 
times equal to the body of Saturn with- 
in the ring. To this breadth add that 
of the ring, and the whole face of Sa- 
turn will be twiceas great as that of the 
Comet, with a light not at all more in-.- 
tenfe : and therefore the Comet was 
nearer to the Sun than Saturn. From 

the proportion of the nucleus to the 
whole head found by thefe obfervations, . 
and from its breadth, which feldom ex- 
ceeds 8’ or 12', it appears that the Stars 
of the Comets are moft commonly or 
the fame apparent magnitude as the 
Planets ; but that their light may be 
compared ‘oftentimes with that of Sa- 
turn, and fometimes exceeds it. . And © 

hence ‘tis certain that in their perihelia 
their diftances can fcarce be greater than 
that of Saturn. At twice that diftance, 
the light would be four timeslefs, which 
befides by its dim palenefs would be as 

much ~ 
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much inferiout to the light of Saturn, as 
thelight of Saturn 1$ to the fplendour of 
Jupiter: But this difference would be 
eafily obferved. At a diftance ten times 
greater their bodies muft be greater than 
that of the Sun ; but their light would 
be 100 times fainter than that of Saturn. 
And at diftances {till greater their bodies 
would far exceed the Sun: but being in 
fuch dark regions, they muft be no lon- 
ger vifible. So impoflible 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. 
For certainly they would receive no more 
light there from the Sun, than we do 
from the greateft of the fixed Stars. 

So far we havegone without VAR. 
. . And alfo below the 

confidering that obfcuration o5 of jupiter, and 
which Comets fuffer from that fometimes below the 
plenty of thick fmoak which en- 9? of the £a") 
compafleth their heads, and through 
which the heads always fhew dull as 
through a:cloud. For by how much 
the more a body is obfcured by this 
fmoak, by fo much the more near it 
muft 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 

- defcend far below the orbit of Saturn, as 
| ' HE we 
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we proved before from their parallax. | 
But above all, the thing is evinced from 
their tails, which muft, be owing either 
to the Sun's light refle&ed from a fmoak 
arifing from them and difperfing it felf 
through the /Ether, or to the light of 
their own heads. 

In the former cafe we mutt fhorten 

the diftance of the Comets, left we be 
obliged to allow that the fmoak arifing 
from their heads is propagated through 
fuch a vaft extent of fpace, and with 
fuch a velocity of expanfion as will 
feem altogether incredible. In the lat- 
ter cafe the whole light of both head 
and tail muft be afcribed to the central 
nucleus. But then if we fuppofe all this 
light to be united and condenfed within 
the difc of the nucleus, certainly the 
nucleus will by far exceed Jupiter it 
felf in fplendour, efpecially when it e- : 
mits a very large and lucid tail. If” 
therefore under a lefs apparent diameter 
it reflets more light, it muft be much 
more illuminated by the Sun, and there- 
fore much nearer to it. So the Comet 
that appeared ‘Dec. 12. and 15. O..$.- 
Anno 1679, atthe time it emitted a very 
fhining tail, whofe fplendour was equal 
to that of many Stars like Tupiter, iftheir 
light were dilated and {pread through 
fo great a {pace, was, as to the magni- 

| tude 
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tude of its nucleus, lefs than Jupiter, (as 
Mr. Flamfteed obferved) and therefore | 
was much nearer to the Sun: Nay, it 
was even lefs than Mercury. For on 
the 17th of that month when it was 

hearer to the Earth, it appeared to Ca/f- 
fini through a telefcope of 35 foot a lit- 
tle lefs than the globe.of Saturn. On - 

. the sth of this month, in the morning, 

.. Dr. Halley faw the tail, appearing broad 
and very fhort, and as if itrofe from the 
body of the Sun it felf, at that time 
very near its rifing. Its form was like 
that of an extraordinary bright cloud ; 

. nor did it difappear till the Sun it felf 
began to be feen abovethehorizon. Its 

. fplendour therefore exceeded the light 
of the clouds till the Sun rofe, and far 
furpaffed that of all the Stars together, 
as yielding only to the immediate bright- 
nefs of the Sun it felf. Neither Mercu- 
ry, nor Venus, nor the Moon it felf 
are feen fo near the rifing Sun. Imagine 
all this dilated light collected together, 
and to be crouded into the orbit 
of the Comet’s nucleus’ which was 

-lefs than Mercury ; by its fplendour 
thus increafed, becoming fo much more 
confpicuous, it will vaftly exceed Mer- 
cury, and therefore muft be nearer to 
‘the Sun. On the 12th and r;th of 
the fame month this tail extending it 
EU H 3 felf 
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j felf over a much greater fpace, appeared — 

more rare; but its light was fill fo vi- - 
gorous as to become vifible when the 
fixed Stars were. hardly to be feen, and 
foon after to appear like a fiery beam 
fhining 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 
muft be. | 

Tus. near approach of the Comets | 
he tates nO the Sun is confirmed from 

froma ‘the texes audi, the fituation, they, are {een ing 
nary fplendour of when their tails appear moft re- 

eh ee ee fplendent. For when the head 
pafles by the Sun and lies hid | 

under the folar rays, very bright and © 
fhining tails, like fiery beams, are faidto : 
iffue from the horizon ; but afterwards” 
when the head begins to appear, and is. 
got farther from the Sun, that fplendour 
always decreafes and turns by degrees - 
into a palenefs like to that of the milky 
way, but much more fenfible at firft ; 
after that vanifhing gradually. Such was 

P.374 that moft refplendent Comet defcribed 
by Ariffotle, Lib. 1. Meteor. 6. <The | 

- * head thereof could not be feen becaufe 
*it fet before the Sun, oratleaft was hid - 
‘under the Sun’s rays ; but the next day 
* it was feen as well as might be ; for ha- 

- ving left the Sun buta very little ms 
j | f iet 
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* fet immediately after it. And the fcat- 
* tered light of the head obícured by the ~ 
* too great fplendour (of thetail) did not 
* yet appear. But afterwards (fays Ari- 
* ftotle) when the fplendour of the tail 
* was now diminifhed, (the head of) the 

. f Comet recovered its native brightnefs. 
“And the fplendour of its tail reached 
* now to a third part of the heavens’ (that 
is to 609.) * It appeared in the winter 

. *feafon, and rifing to Orion's Girdle, 
f there vanifhed away." Two Comets of 
the fame kind are defcribed by fu/fin, 
Jib. 37. which according to his account 
* fhined fo bright that the whole heaven 
* feemed to be on fire ; and by theirgreat- 
* nefs filled up a fourth part of the hea- 
* vens, and by their fplendour exceeded 
* thatof the Sun.’ By which laft wordsa 
near pofition of thefe bright Comets and 

105 

[3] 

the rifing or fetting Sun is intimated. P. 373, _ 
We may add to thefe the Comet of the ?7* 
year I10L Or 1106, “the ftar of which 
“was fmall and obfcure (like that. of 
* 1680) but the fplendour arifing from it 
* extremely bright, reaching like a fiery 
* beam to the Eaft and North,’ as Heve- 
lius has it from Szmeon the monk of 
Durham. ct appeared at the beginning 
of February about the evening in the 
fouth-weft. From this and from the fi- 
tuation of the tail we may infer that the 

H 4 head 
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head was near the Sun. Matthew Paris 
fays, ‘it was about one cubit from the 
* Sun; from the third’. [or rather the 

fixth] * to the ninth hour fending out a 
* long ftream of light. The Comet of 
1264 in Fuly, or about the folftice, pre- 
ceded the rifing Sun, fending out its - 
beams with a great light towards the 
weft as far as the middle of the heavens. 
And at the beginning it afcended a little — 
above the horizon; but asthe Sun went | 
forwards it retired every day farther 
from the horizon, till it paffed by the 
very middle of the heavens. It is faid 
to have been at the beginning large and 
bright, having a large coma, which de- 
cayed from day to day. It is deícribed 
in Append. Mattb. Parif: Hift. Ang. 
after this manner. 777. Chrzfii 1265, 
* there appeared a Comet fo wonderful, 
* that nonethen living had ever feen the 
* like. For rifing from the eaft with a 
* great brightnefs, itextended it felf with 
* a great light as far as the middleof the ~ 
* hemifphere towards the weft.’ The La- 
tin original being fomewhat barbarous . 
and obícure, it is here fubjoined. 4 - 
oriente enim cum magno fulgore furgens, 
ugue ad medium bemifpherz verfus oc- 
cidentem, omnia perlucide pertrahebat. 
* In the year 140r or 1402, the Sun be- 
* ing got below the horizon, there ap- 

| ‘ peared 
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peared in the weft a bright and fhin- 
ing Comet, fendingouta tail upwards 
in fplendour like a flame of fire, and 
in form like a fpear, darting its rays 

* from weft to eaft. ' When the Sun 
* was funk below the horizon, by the 
* Juftre of its own rays it enlightned 
* all the borders of the Earth, not per- 
* mitting the other Stars to fhew their 
* light, or the fhades of night to darken 
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the air, becaufe its light exceeded that 
of the others, and extended it felf to 
the upper part of the heavens, fla- 
ming, cc. Hift. Byzant. Duc. Mich. 

Nepot. From the fituation of the tail 

of this Comet, and the time of its firft 
‘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 
1527, Aug.11, about four in the morn- 
ing, there was feen almoft throughout 
Europe, aterrible Comet in Leo, which 
continued flaming an hour and à quar- 
ter eyery day. . It rofe from the eaft, 
and afcended to the fouth and weft to a 
prodigious length. It was moft confpi- 
uous 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 arma little bent, holding 
a fword of a vaft magnitude. In the 

: year 
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year 1618, in, the end of November, 
there begana rumour, that there appear- 
ed about Sun-rifing a bright beam, which 
was the tail of a Comet, whofe head 
was yet concealed within the brightnefs 
of the folar rays. On Nov. 24, and 
from that time, the Comet it felf appeared 
with a bright light, its head and tail be- 
ing extremely refplendent. The length 
of the tail, which was at firft 20 or 30 

. deg. increafed till December 9, when it 
arofe to 75 deg. but with a light much 
more faint and dilute than at the begin- 
ning. In the year 1668, March s. 
WN. $. about feven in the evening P. Va- 
lent. Eflancius being in Brajfile, faw | 
a Comet near the horizon in the fouth- 
weft. Its head was fmall, and fcarce ~ 
difcernible, but its tail extremely bright 
and refulgent, fothat the reflexion of it 
from the fea was eafily feen by thofe 
who ftood upon the fhore. This great 
fplendour lafted but three days, decrea- 
fing very remarkably from that time. | 

"The tail at the beginning extended it 
felf from weft to fouth, and in a fituati- 
on almoft parallel to the horizon, ap- 
pearing like a fhining beam. 23 deg. in 
length. Afterwards the light decreafing, © 
its magnitude increafed till the Comet 
ceafed to be vifible. So that Caffmi at 
Bologna faw it (Mar. 10, 11, 12.) rifing 

sf from 
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from the horizon 32 deg. in length. In 
Portugal itis faid to have taken up a 
fourth part of the heavens, (that is, 4$ 
deg.) extending it felf from weft to eaft 
with a notable brightnefs; though the 
whole of it was not feen, -becaufe the 
‘head in this part of the world always 
lay.hid below the horizon. From the 
increafe of the tail it is plain that the 
head receded from the Sun, and was 
neareft to it at the beginning when the | 
tail appeared brighteft. [x1 

To all thefe we may add the Comet - 
of 1680, whofe wonderful fplendour at 
the conjundion of the head with the 
Sun was above defcribed. But fo great 
afplendour argues the Comets of this 
kind to have really paffed near the foun- 
tain of light; efpecially fince the tails 
never fhine fo much in their oppofition 
to the Sun; nor do we read that fiery 
beams have ever appeared there. 

‘Last Ly, the fame thing is inferred 
from the light of the heads in- 
creafing in the recefs of the Co- — The. (ame proved 
mets fiom the Earth towards from the light, of 
he S did fing Ty their heads, ds being 

the Sun, and decreafing in their audite careris pai 
return from the Gua towards when they come near 

the Earth. | For fo the laft Co: tote Su 
met of the year 1665, (by the obferva- 
tion of Hevelius) from ;Hié time that it 

was 
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was firft feen, was always lofing of its ap- 
parent motion, and therefore had alrea- 
dy paffed its perigee, yet the fplendour - 
of its head was daily increafing, till be- 
ing hid by the Sun’s rays, the Comet - 
ceafed to. appear. |The Comet of the, 
year 1683, (by the obferyation of the 
fame Hevelius) about the end of July, 
when it firft 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 increafe till 
September 4, when it arofe to about 5 
degrees. And therefore in all this inter- 
val of time the Comet was approaching | 
to the Earth. Which is likewife proved 
from the diameter of its head meafured 
with a micrometer. For Zugu/fé the 6th 

. Hevelius found itonly 6' 5'' including 
' the coma ; ; which Sopstinber 2, ER. 
ved 9' 7/'. | And therefore its head ap- 
peared far lefs about the beginning than 

. towards the end of its motion, though a- 
bout the beginning, becaufe nearer tothe — 
Sun, it appeared far more lucid than to- 
wards the end, as the fame Zfeveluus 
declares. Wherefore in all this interval. 
of time, on account of its recefs from 
the Sun, it decreafed in fplendour, not- 
withftanding its accefs towards the 
Ed The Comet of the year 1618, 

about 
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about the middle of “December, and that 
of the year 1680, about the end of the 
fame month, did both move with their 
greateft velocity, and were therefore 
then in their perigees. But the greateft 
fplendour of their heads was feen two 
weeks before when they had juft got 
clear of the Sun's rays. And the great- 
eft fplendour of their tails a little more 
early, when yet nearerto the Sun. The 

. head of the former Comet, according to 
the obfervations of Cy/ztus, Dec. 1, 
appeared greater than the Stars of the 
firít magnitude; and ‘Dec. 16, (being 
then in its perigee) of a fmall magnitude, 
and the fplendour or clearnefs was much 
diminifhed. Fan. 7. Kepler being uncer- 
tain about the head, left off obferving. 
Dec. 12. the head of the laft Comet 
was feen and obferved by Flamffeed at 
the diftance of 9 degrees from the Sun; 
which a Star of the third magnitude 
could hardly have been. ‘December 15 
and 17, the fame appeared like a Star 
of the third magnitude, its fplendour be- 
ing diminifhed by the bright clouds near 
the fetting Sun. ‘Dec. 26, when it 
moved with the greateft fwiftnefs, and 
was almoft in its perigee, it wasinferiour 
to Os Pegafi, a Star of the third mag- 
nitude. . fam. 3, it appeared like a Star 

fifth. 
. of the fourth. Fan. 9, like a Star of the 

109 
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fifth. Fan. 13, it difappeared by reafon 
of the brightnefs of the Moon which was 
then in its increafe. fan. 25, it was 
{carce equal to the Stars of the feventh 
magnitude. If we take equal times on 
each hand of the perigee, the heads placed 
at remote diftances would have fhined 
equally before and after, becaufe of their 
equal diftances from the Earth. That 
in one cafe they fhined very bright, and 
in the other vanifhed, is to be afcribed 
to the nearnefs of the Sun in the firft 
cafe, and his diftance in the other. And 
from the great difference of the light in 
thefe two cafes, we infer its great near- 
nefs in the firft of them. For the light 
of the Comets ufes to be regular, and to 
appear greateft when their heads move 
the fwifteft, and are therefore in their 
perigees; excepting in fo far as it is ins 
creafed by their nearnefs to the Sun. 

F roo thefe things I at laft difcover- 
The fame con. €d why the Comets frequentío - 

firmed by the great much the region of the Sun. If 
number of Comets i : 
feen in the Vegioh they were to be feen in the re- 
of the Sun, gions a great way beyond Sa- 

turn, they muft appear oftner in thofe 
parts of the heavens that are oppofite to 
the Sun. Forthofe whichare in that ft 
tuation would be nearer to the Earth ; 
and the interpofition of the Sun would 

obfcure 
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obícure the others. But looking over 
the hiftory of Comets, I find that four 
or five times more have been feen in the 
hemifphere toward the Sun, than in the 
oppofite hemifphere; befides, without 
doubt, not a few which have been hid 

by the light of the Sun. For Comets 
defcending into our parts neither emit 
tails, nor are fo well illuminated by. the 
Sun as to difcover themfelves to our 
naked eyes, till they are come nearer to 
us than Jupiter. But the far greater 
part of that {pherical fpace, which is de- 
Ícribed about the Sun with fa fmall an 
interval, lies on that fide of the Earth 
which regards the Sun, andthe Comets 
in that greater part are more ftrongly il- 
luminated, as being for the moft part 
nearer to the Sun. Befides, from the [x1 
remarkable eccentricity of their orbits 
it comes to pafs that their lower apfides 
are much nearer to the Sun than if their 
revolutions were performed in circles | 
concentric to the Sun. : 

HENCE alfo we underftand why the 
tails of the Comets, whilether; y. ai (on. 
heads are defcending towards ‘firmed, by the great 

» fhorr ef magnitude an 
the Sun, always v ge thort fplendour of the tails 
and rare, and are feldom faid to. sirer the conjunétion 

have exceeded 15 or 20 deg. in of nee b ir 
A . nan beliQre, 

length; but in the recefs of the ^"^" 
Y heads 
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heads from the Sun often fhinelikefiery 
beams, and foon after reach to 40, 50, 
60, 70 deg. in length, or more. This 
great fplendour and length of the tails 
arifes from the heat which the Sun com- 
municates to the Comet as it pafles 
nearjt. And thence I think it may be 
concluded that all the Comets that have 
had fuch tails have paffed very near the 
Sun. 

P.362.t0 HENCE alfo we may colle& that 
3°4- the tails arife from the atmofpheres of 

the heads. But we have had 
_ Phat the tails a- three feveral opinions about the 

rife from the atmof- — . : 
pheres of theComets, tailsofComets. For fome will 

have it, that they are nothing © 
elfe but the beams of the ' Sun's light 
tranfmitted through the Comets heads, 
which they fuppofe to be tranfparent : 
others, that they proceed from the re- © 
fraction which light fuffers in pafling 
from the Comets head to the earth : and 
laftly, others, that they are a fort of 
clouds or vapour conftantly rifing from 
the Comets heads, and tending towards 
the parts oppofite to the Sun. The 
firft is the opinion of fuch as are yet un- 
acquainted with opticks. For thebeams. | 
of the Sun are not feen in a darkned 
room, but in confequence of the light 
that is reflected from them, by the little 

: parti- 
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. particles of duft and fmoak which are 
always flying about in the air. And 
hence it is, that in ait impregnated with 
thick fmoak they appear with greater 
brightnefs, and are mote faintly and 
more difficultly feen in a finer air. But 
in the heavens, where there is no mat- 
ter to refle& the light, they are not to 
be feen atall. Light is not feen as it is 
in the beams, but as it is thence reflect- 

. ed to our eyes. For vifion is not made 
but by rays falling upon the eyes; and 
therefore there muft be fome refle@ting - 
matter in thofe parts where the tails of 
Comets are feen; and fo the argument 
turns upon the third opinion. For that 
reflecting matter can be no where found 
but in the place of the tail, becaufe 

: otherwife, fince all the celeftial fpaces 
are equally illuminated by the Sun's 
light, no part of the heavens could ap- 
pear with more fplendour than another. 
The fecond opinion is liable to. many 
difficulties. The tails of Comets are ne- 
ver feen variegated with thofe colours, | 
which ever ufe to be infeparable from 
refraction. And the diftin& tranfmiffion 
of the light of the fixed Stars and Pla- 
nets to us, is a demonftration that the 
ether or celeftial medium is not endow- 
ed with any refractive power. For as 
to what is alledged that the fixed Stars 

I have 

113 
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have been fometimes feen by the Egy?- 
tians, environed with a coma or capil- 
litium, becaufe that has but rarely hap- 
pened, it is rather to be afcribed to a 
cafual refradion of clouds, as well as 
the radiation and fcintillation of the fix- 
ed Stars to the refractions both of the 
eyes and air. For upon applying a te- 
lefcope to the eye, thofe radiations and 
{cintillations immediately difappear. By 
the tremulous agitation of the air and - 
afcending vapours, it happens that the 
rays of light are alternately turned afide 
from the narrow. fpace of the pupil of 
the eye; but no fuch thing can have 
place in the much wider aperture of the 
objed-glaís of a telefcope. :- And hence 
it is, that a fcintillation is occafioned 
in the former cafe, which ceafes in the 
latter. And this ceffation in the latter 
cafe is a demonftration of the regular 

' uanfmiflhion of light through the hea- 
vens without any fenfible refra&ion. : 
But to obviate an objection that may be 
made from the appearing of no tail in 

' füch Comets as fhine but witha faint | 
light, as i£ the fecondary rays were then 
too weak to affe& the eyes, and for this . 
reafon it is that the tails of the fixed - 
Stars do not appear; we are to con- 
fider, that by the means of telefcopes 
the light of the fixed Stars may be aug- 

| mented 
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mented above anhundred fold, and yet 
no tails are feen. ‘That the light of the 
Planets is yet moré copious without any 
tail, but that Comets are feen fome- 
times with huge tails, when the light of 
their heads is but faint and dull. For. 
fo it happened in the Comet of the year 
1680, when in the month of December 
it was fcarcely equal in light to the 
Stars of the fecond magnitude, and yet 
emitted a notable tail, extending to the 
length of 409, $09, 60°, or 70°, and 
upwards; and afterwards on the 27th 
and 28th of January, the head ap- 
peared but asa Star of the 7th magni- 
tude; but the tail (as was faid above) 
with a light that was fenfible enough 
though faint, was ftretched out to 6 or 
7 degrees in length, and with à languifh- 
ing light, that was more difficultly feen, 
even to 12° and upwards. But on the 
oth and 1oth of February, when to the 
naked eye the head appeared no more, 
I faw through 4 telefcope, the tail of 
2° in length.. But further, if the tail 
was owing to the refraction of the ce- 
leftial matter, and did deviate from the 
oppofition of the Sun, according as 
the figure of the heavens requires ; 
that deviation, in the fame places of the 
heavens, fhould be always directed to- 
wards the fame parts. But the Comet 

. e | of 
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of the year 1680, ‘December 284 gh 
P. M. at London was feen in Pifces 
89 41! with latitude north 28° 6', while 
the Sun was in Capricorn 18° 26’. And 
the Comet of the year 1577, *Decem- 
ber 29, was in Pifces 89 41', with la- 
titude north 289 4o', and the Sun as be- 
fore in about Capricorn 189 26'. In 
both cafes the fituation of the Earth 
was the fame, and the Comet appeared 
in the fame place of the heavens; yet 
in the former cafe the tail of the Co- 
met (as well by my. obfervations as 
by the obfervations of others) devi- 
ated from the oppofition of the Sun 
towards the. north by an angle of 47 
degrees, whereas in the latter there 
was (according to the obfervation of 
Tycho) a deviation of 21 degrees to- 
wards the fouth. The refradion there- 
fore of the heavens being thus difpro- 
ved, it remains that the phenomena of 
the tails of Comets muft be derived from 
fome reflecting matter. That vapours 
fufficient to fill fuch immeníe {paces 
may arife from the Comets atmofpheres, 
may be eafily underftood by what fol- 
lows. 

"DT 
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IT is well known that the air near the ?- 366. 

furface of our Earth pofleflesa fpaceabout 

1200 times greater than water 
of che fame weight. And there- 
fore a cylindric column of air 
1200 feet high, is of equal 
weight with a cylinder of wa- 
ter of the fame breadth, and 

but one foot high. Buta cy- 

That the air and 
vapour in the celefti- 
al fpaces is of an 
immenfe rarity : and 
that a fmall quand 
of vapour may be fuf- 
ficient to explain all 
the phenomena of 
the tails of Comets. 

linder of air reaching to the top of the 
atmofphere is of equal weight with a 
cylinder of water about 33 foot high; 
and therefore if from the whole cylin- 
der of air the lower part of 1200 foot 
high is taken, away, the remaining up- 
per part will be of equal weight with a 
cylinder of water 32 foothigh. | Where- 
fore at the hight of 1200 feet, or two | 
furlongs, the weight of the incumbent 
air is lefs, and confequently the rarity 
of the comprefled air greater than near 
the furface 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 whatfoever (by the help of Cor. 
Prop. 2. Book Il.) fuppofing the expan- 
fion thereof to be reciprocally propor- 
tional to its compreflion; and this pro- 
portion has been proved by the experi- 

"ments of Hook and others. The refult 
ef the computation I have fet down in 
the following table, in the firft e 

I 3 S 
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- of which you have the hight of the air 
in miles, whereof 4000 make a femi-dia- 
meter of the Earth; in the fecond the 
compreflion of the air, or the incumbent 
weight ; in the third its rarity or ex- 
panfion, fuppofing gravity to decreafe 
in the duplicate ratio of the diftances 
from the Earth’s center. And the Latin 
numeral characters are here ufed for cer- 
tain numbers of cyphers, as o,xvii 1224 
for 0,000000000000000001224, and 
26956xv for 2695 6000000000000000. 

Ack Re S 

Hight. Compreflion. ' Expanfion. 
0/33 I 

$|17,851$ 1,8486 
TO} 9,6717 : 324151 
20] 25852 ELS 74 

40| 0,2525 136,83 

400] O,xvll1224 | 26956 xv 
4000| 0,CV 4465 173907 cii 

40000] 0,cxcli 1628 | 20263 clxxxix 
400000|-O,ccx 7895 |41798 ccvii 

- 1|4000000| 0,ccxil 9878] 33414 ccix 
Infinite. | o,ccxii 60411 $4622 ccix 

But from this table it appears that the 
air, in proceeding upwards, is rarified in 
fuch manner, that a fphere of that air 
which is neareft 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 femidiameter of the Earth, 
would fill all the planetary regions as far 
as the {phere of Saturn, and a great wa 
beyond ; and at the hight of ten femi- 
diameters of the Earth would fill up 
more {pace than is contained in the 
whole heavens on this fide the fixed Stars, 
according to the, preceding computation 
of their diftance. And though by rea- 
fon of the far greater thicknefs of the at- 
mofpheres of Comets, and the great quan- 
tity of the circumfolar centripetal force, 
it may happen that the air in the celeftial 
{paces, and in the tails of Comets, is not 
fo vaftly rarified ; yet from this compu- 
tation it is plain, that a very {mall quan- 
tity of air and vapour is abundantly fufh- 
cient to produce all the appearances of the 
tails of Comets. For that they are indeed 
of a very notable rarity appears from the 
fhining of the Stars through them. The 
atmofphere of the Earth, illuminated. by 
the Sun’s light, though but of a few miles 
in thicknefs, obfcures and extinguifhes the 
light, not only of all the Stars, but even 
of the Moon itfelf ; whereas the fmalleft 
Stars are feen to fhine through the im- 
menfe thicknefs of the tails of Comets, 
likewife illuminated by the Sun, without 
the leaft diminution of their fplendor. 

I 4 KE PfP- 

II9 

[3] 
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P, 369. KEPLER aícribes the afcent of 

. the tails of. Comets to the, at- 
eer wnat manner’ mofpheres of their heads, and 
may arife from the their direction towards the parts 
ae bns oppofite to the Sun, to the acti- 

on of the rays of light carry- 
ing along with them the matter of the 
Comets tails. And without any great 
incongruity we may fuppofe that, in fo 
free fpaces, fo fine a matter as that of 
the /Ether may yield to the action of 
the rays of the Sun'slight, though thofe 
rays are not able fenfibly to move the 
erofs fubftances in our parts, which are 
clogged with fo palpable a refiftance. 
Another author thinks that there may be 

| a fort 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 fort, and that its afcent from 
the Sun may be owing to. its levity. 
But confidering the gravity of terreftrial 
bodies is as the matter of the bodies, 
and therefore can be neither more nor 
lefsin the fame quantity of matter, I 
am inclined to believe that this afcent 
may rather proceed from the rarefaction 
of the matter of the Comets tails. The 
afcent of fmoak in a chimney is owing 
to the impulfe of the air, with which 
itisintangled. The air rarified by heat 

afcends, 
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afcends, becaufe its fpecifick gravity is 
diminifhed, and in its aícent carries 
along with it the fmoak with which it 
is ingaged. And why may not the tail 
of a Comet rife from the Sun after the 
fame manner? For the Sun's rays do not 
act any way upon the mediums which 

they pervade, but by refleCtion and re- . 
fraction. And thofe reflecting particles 
heated by this action, heat the matter of 
the /Ether which is involved with them. 
That matter is rarefied by the heat 
which it acquires, and becaufe by this 
rarefaction the fpecifick gravity, with 
which it tended towards the Sun before, 
is diminifhed, it will afcend therefrom 
like a ftream, and carry along with it 
the refle&ing particles of which the tail — 
of the Comet is compofed; the impulfe [3] 
of the Sun's light, as we have faid, 
promoting the afcent. 

Bu r that the tails of Comets do arife P. 364. 
from their heads and tend to- d Pie. 

at the ta1is do inte 

wards the parts oppofite to the deed arife from thofe 
Sun, is further confirmed from  atmofpheres, proved 
the laws which the tails ob- from feveral of theig 

phenomena. 
ferve. For lying in the plains 
of the Comets orbits which pafs through 
the Sun, they conftantly deviate from 
the oppofition of the Sun, towards the 

. pu which the Comets heads in their 
progrefs 
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progrefs along thofe orbits have left. 
And to a fpe&ator placed in thofe plains, 
they appear in the parts dire@ly oppofite 
to the Sun. Bur as the fpectator re- 
cedes from thofe plains, their deviation 
begins to appear, and daily becomes 
greater. And the deviation ceteris 

. paribus appears lefs, 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 ; efpecial- 
ly if the angle of deviation is eftimated 
near the head of the Comet. Farther, 
the tails which have no deviation appear 
{treight, but the tails which deviate are 
likewife bended into a certain curvature. 
And this curvature is greater when the 
deviation is greater ; and is more fen- 
fible when the tail ceteris paribus is 
longer: for in the fhorter tails the cur- 
vature is hardly to be perceived. ‘And 
the angle of deviation is lefs near the 
Comet’s head, but greater towards the 
other end of the tail, and that becaufe 
the lower fide 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 
longer and broader, and fhine with a 
ftronger light, appear more refplendent 
and more exactly defined on the ane 

than 
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than on the concave fide. Upon which 
accounts it is plain that the phenomena 
of the tails of Comets depend upon the 
motions of their heads, and by no means 
upon the places of the heavens in which 
their heads are feen ; and that therefore 
the tails of the Comets do not proceed 
from the refraction of the heavens, but 
from their own heads, which furnifh 
the matter that forms the tail. For as 
in our air the fmoak of a heated body 
afcends either perpendicularly, if the body 
is at reft, or obliquely, if the body is 
moved obliquely ; fo in the heavens, 
where all the bodies gravitate towards 
the Sun, fmoak and vapour muft (as we 
have already faid) afcend from the Sun, 
and either rife perpendicularly if the: 
{moaking body is at reft, or obliquely if 
the body, in the progrefs of its motion, 
is always leaving thofe places from which 
the upper or higher parts of the vapours 
had rifen before. And that obliquity 
will be lefs, where the vapour afcends 
with more velocity, to wit, near the 
ífmoaking body when that is near the 
Sun. For there the force of the Sun by 
which the vapour afcends is ftronger. 
But becaufe the obliquity is varied, the 
column of vapour will be incurvated ; 
and becaufe the vapour in the preceding 

i 2 . fide 
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fide is fomething more recent, that is, 
has afcended fomething more lately from 
the body, it will therefore be fomething 
more denfe on that fide, and muft on 
that account reflect more light as well | 
as be better defined ; the vapour. on the 
other fide languifhing by degrees and - 

[*] vanifhing out of fight. | 

Bu r it is none of our prefent bufinefs 
That Comes do 9 CXplain the caufes of the ap- 

fometimes defcend be- pearances of nature. Let thofe 
low the orbit of Mer- things which we have laft faid 
curys proved from po tre or falfe, we have at leaft 

made out in the preceding dif- 
courfe, that the rays of light are dire&- 
ly propagated from the tails of Comets - 
in right lines through the heavens, in 
which thofe tails appear to the fpectators 
where-ever placed ; and confequently 
the tails muft afcend from the heads of 
the Comets towards the parts oppofite 
to the Sun. And from this principle 
we may determine anew the limits of 
their diftances in manner following. 
Let S reprefent the Sun, T the Earth, 
STA the elongation of a Comet from 
the Sun, and A T B the apparent length 
of its tail. And becaufe the light is 
propagated from the extremity of the tail 
in the direction of the right line TB, - 

that 
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that extremity muft lie fomewhere in 
the line TB. Suppofe it in D, and join 

. DS cutting TA in C. Then becaufe 
the tail is always ftretched out towards 
the parts nearly oppofite 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, 

B 

meeting the line TA in A, and the Co- 
mets head C muft neceffarily be found - 
between T and A, becaufe the extre- 
mity of the tail lies fomewhere in. the 
infinite line TB; and all the lines SD 
which can poflibly be drawn from the 
point S to the line TB, muft cut the 
line TÀ fomewhere between T and A. 

Where- 

125 
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Wherefore the diftance of the Comet 
from the Earth cannot exceed the inter- 
val TA, nor its diftance from the Sun 
the interval SA beyond, or ST on this 
fide the Sun. For inftance, the elonga- 
tion of the Comet of 1680 from the Sun 
Dec. x2. was 9° and the length of its 
tail 35° at leaft. If therefore a triangle 
TSA is made, whofe angle T is equal to 

. the-elongation 9° and angle A equal to 
ATB, or to the length of the tail, vzz. 

35° then SA will be to ST, that is, the 
limit of the greateft poflible diftance of 
the Comet from the Sun, to the femi- 
diameter of the orbis magnus, as the 
fine of the angle T to the fine of the 
angle A, that is, as about 3 to 11. And 
therefore the Comet at that time was 
lefs diftant from the Sun than by + of 
the Earth's diftance from the Sun, and 
confequently either was within the orb 
of Mercury, or between that orb and 
the Earth. Again, Dec. 21. the elon- 
gation of the Comet from the Sun was 
3222, and the length of its tail 700. 
Wherefore as the fine of 3292? to the 
fine of 70°, that is, as4 to 7, fo was the 
limit of the Comet’s diftance from the 
Sun to the diftance of the Earth from 
the Sun, and confequently 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 559 and the 
length of its tail $69. And therefore the 
limit of the Comet's diftance from the 
Sun. was not yet equal to the diftance 
of the Earth from the fame, and confe- 
quently the Comet had not then got 
without the Earth's orbit. \ But from its 
parallax we find that its egrefs from the 
orbit happened about 7/75..5, as wellas - 
that it had defcended far within the or- 
bit of Mercury. Let us fuppofe it to 
have been in its perihelion Dec. the sth 
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 fpent 28 
days; and confequently that in the 26 
or 27 days following, in which it ceafed. 
to be further feen by the naked eye, it 
had fcarce doubled its diftance from the 
Sun. And by limiting the diftances of 
other Comets by the like arguments, we 
come at laft to this conclufion, That all 
Comets during the time in which they 
are vifible by us, are within the com- 

_ pafs of a fpherical fpace defcribed about 
the Sun as a center, with a radius dou- 
ble, or at moft triple of the diftance of 
the Earth from the Sun. 

AND 

Ya? 



/ 128 OF IJTHE VS ¥S TEM” 
AND hence it follows that the Co- 

That the Comets Mets, during the whole time of 
move in conic fecti- their appearance unto us, being 
ons, having one fo- 
cus in the center of within the fphere of activity of 
the Sun, and by ra- the circum-folar force, and there- 
dii drawn to that cen- . . 
ter do defcribe area's fore agitated by the impulfe of 

proportional to the that force, will (by Cor. 1. 
times. 

[3] 

P, 332. 

Prop. 13. for the fame reafon 
as the Planets ) be made to move in conic 
fe&ions that have one focus in the center 
of the Sun, and, by radii drawn to the 
Sun, to defcribe area's proportional to 
the times. For that force is propagated 
to an immenfe diftance, and will govern 
the motions of bodies far beyond the 
orbit of Saturn. 

THERE are three hypothefes about 
That thofe conic Comets. For fome will have. - 

fe&ions are near to jt that they are generated and 
parabola's, prove 
from the velocity of perifh ,- as often as they ap- 
the Comets. pear and vanifh ; others, that 

they come from the regions of the fix- 
ed Stars, and are ii by us in their 
paffape through the fyftem of our Pla- 
nets ;; and laftly, others that they are | 
bodies perpetually revolving about the 
Sun in very eccentric orbits. In the firft 
cafe, the Comets, according to their 
different velocities, will move in conic 
fections of allíorts; in the fecond they 

will | 
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will defcribe hyperbola’s, and in either 
of the two will frequent indifferently 
all quarters of the heavens as well 
thofe about the poles as thofe towards 
the Ecliptic ; in the third their motions 
will be performed in ellipfes very ec- 
centric and very nearly approaching to 
parabola’s. But (if the law of the Pla- 
nets 1s obferved) their orbits will not 
much decline from the plain of the — 
Ecliptic. And fo far as I could hitherto 
obferve the third cafe obtains. For the 
Comets do indeed chiefly frequent the 
zodiac and fcarce ever attain to a helio- 
centric latitude of 40°. And that they 
move in orbits very nearly parabolical, 
I infer from their velocity. For the ve- 
locity with which a parabola is defcri- 
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 
fame diftance, in the fubduplicate 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 
fame. J examined the thing by infer- 
ring nearly the velocities from the di- 
ftances, and the diftances both from the 
parallaxes and the phenomena of the 
tails, and never found the errours of 
excefs or defect in the velocities greater 
than what might have arofe from the 

K | errours 

129 



10) ..COOF THEÀUSYSTIMM 
errours in the diftances colle&ed after 
that manner. But I likewife made ufe 

of the reafoning that follows. 

SUPPOSINSG the radius of the orbis 
In what {pace of Magnus to be divided into 1000 

time-Comets defcri- parts : Let the numbers 1n the 
bing parabolic traje- 
Gories país hieu firft column of the following 
the fphereof theor- table reprefent the diftance of 
bis magniig, the vertex of the parabola from 

the Sun's center, expreffed by thofe 
parts; and a Comet in the times ex- 
preffed in Col. 2. will país from its pe- 
rhelion to the furface of the fphere 
which is defcribed about the Sun as a 
center with the radius of the orbis mag- 
nus ; and in the times expreffed in Col. 
3, 4, and 5, it will double, triple, and 
quadruple that its diftance from the 
Sun. 

TABLE 
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a are BT 

The di- The time of a Comet’s paffage from its pe- 
ftance of | rihelion to a diftance from the Sun equal to 

perihelion 
ita: die The rad. & To its To its To its 
Sale chs of the or-} double. triple, |quadruple. 
ter: bis mag. | 

d. b. he 4. b: I, d. b. ,. d, h. n 

0|27 11 12] 77 16 28|t42 17 14|219 17 30 

§127 16 07| 77 23 14 

' 10|27 21 00]. 78 06 24 

20j28 06 40| 78 20 12)144 O3 19|221 o8 $4 

40|29 O1 32| 79 23 34 

$0130 13 25 $2 04 56 

160133 05 29| 86 ro 26|153 16 081232 12 20 
i 

320137 13 46| 93 23 38 

640137 09 49/105 OF 28 

1280 106 06 35/200 065 431297 03 46 

2560} 147 22 31] 300 06 os 

[ This table, here corrected, is made on the fuppofi- 
tion that the Earth's diurnal motion is juft 59, 
and the meafure of one minute loofely 0,2909, 
in refpe& of the radius rooo. If thofe meafures 
are taken true, the true numbers of the table will 
all éome out lefs. But the difference, even when 
greateft, and to the quadruple of the Earth's diftance 
from the Sun, amounts only to 16%, 55/. ] 

K 2 "EH 
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At what time Comets 
THE time of a Comet’s in- 

enter into and país grefs into the {phere of the or- 
out of the fphere of bis magnus, or of its egrefs 
the orbis magnus. from the fame may be inferred 

nearly from its parallax, but with more 
expedition by the following 

TA p LRL 

The apparent 
elongation of 
a Comet from 
the Sun. 

Its diftance from 
Its apparent diur- [the Earth in parts, 
nal motion in its | whereof the radius} | 

own orbit, 

Direct, , Retrog. 

29 i8! 

7 
1o- 27 

18 37 
Infinite 

oo9 20! 

Infinite! 

of the orbis mag- 
nus contains 1000, 

THE ingrefs of a Comet into the 

With what velocity 
fphere of the orbis magnus, or 

the Comets of 1680 165 egrefs from the fame happens | 
paffed through the at the time of its elongation 
{phere of the orbis fom the Sun 

> magnus. exprefled in Col. 
I. againít its diurnal motion. 

So 
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So in the Comet of 1681, Fan. 4. O.S. 
the apparent diurnal motion in its orbit 
was about 3° 5’ and the correfpond- 
ing elongation 713°. And the Comet 
had acquired this elongation from the 
Sun Fan. 4, about fix in the evening. 
Again, in the year 1680, November 11, 
the diurnal motion of the Comet that 
then appeared, was about 44°, and the 
correfponding elongation 79$ happened 
Nov. 10, a little before mid-night. Now 
at the times named thefe Comets had 
arrived at an equal diftance from the 
Sun with the Earth, and the Earth was 
then almoft in its perihelion. But the 
firít table is fitted to the Earth's mean 
diftance from the Sun aflumed of 1000 
parts ; and this diftance is greater by 
fuch an excefs of fpace as the Earth 
might deícribe, 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 diftance of 1000 
parts we add thofe 16 hours to the for- 
mer time, and fubdu& them from the’ 
latter ; and thus the former. becomes 
Fan. 44 roh after noon, the latter 
Nov. 10, about fix in the morning. But 
from the tenour and progrefs of the 
diurnal motions it appears that both Co- 
mets were in conjundtion with the Sun 
between’ Dec. 7. and Dec. 8. And 

K 3 from 
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from thence to Fan. 44 oh afternoon 
on one fide, and to Nov. 104 6h of 
the morning on the other, there are 
about 28 days. .And fo many days 
(by Zable.1.) the motions in parabolic 
trajectories do require. 

Bur though we have hitherto con- 
fidered thofe Comets as two, 

Thatthefewerenot yet. from the coincidence of 
two, but one and 

. the fame Comet. In their perihelions and agreement 
what orbit and with of their velocities, it is proba- 
what velocity this 
Comet was carried 

ble, that in effe& they were but 
through the heavens One and the fame. And if fo, 

defcribed more ext the orbit wor his Comet, mult 
a&ly. 

have either been a parabola or 
at leaft a conic fection very little differ- 
ing from a parabola, and at its vertex 
almoft in contact with the furface of the 
Sun. For by 740. 2. the diftance of the | 
Comet from the Earth Nov. io, was a- 
bout 360 parts, and Fan. 4, about 630. 
From which diftances, together with its 
longitudes and latitudes, we infer the di- 
ftance of the places in which the Comet 

. Was at thofe times, to have been about 
280: the half of which, vzz. 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 
rooo parts. And therefore dividing the 
{quare of the ordinate 140 by 1000 the 

fegment 
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fegment of the axe, we find the latus re- 
Qum 19,16, or in a reund number 20; 
the fourth part whereof s; is the di- 
ftance of the vertex of the orbit from. 
the Sun's center. But the time corre- 
fponding to the diftance of 5 parts in 
Tab. 1. is 274 16h 7', In which time, 
if the Comet moved in a parabolic or- 
bit, it would have been carried from 
its perihelion to the furface of the fphere- 
of the orbis magnus defcribed with the 
radius 1000, and would have fpent the 
double of that time, «zz. 55¢ 845 in 
the whole courfe of its motion within 
that fphere: And foin faét it did. For 
from Nov. 104 6h of the morning, 
the time of the Comet ingrefs into the: 
{phere of the orbis magnus, to Fan. 44 
IOh after noon, the time of its egrefs 
from the fame, there are 554 16h. The 
{mall difference of 745 in this rude 
way of computing is to be neglected, 
and perhaps may arife from the Comet’s 
motion being fome {mall matter flower, 

- as it muft have been if the true orbit 
in which it was carried was an ellipfe. 
The middle time between its ingrefs 
and egrefs was ‘December 84 2h of, the 
morning. And therefore at this time 
the Comet ought to have been in its 
perihelion. And accordingly that very 
day, juft before Sun-rifing, Dr. Hadley 

K 4 (as 
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(as we faid) faw the tail fhort and broad, 
but very bright, rifing perpendicularly 
from the horizon. From the pofition - 
of the tail, it is certain that the Comet 
had then croffed over the Ecliptic, and. 
got into north-latitude, and therefore had 
pafled by its perihelion which lay on the 
other fide of the Ecliptic, though it had 
not yet come into conjunction ‘with the. 

See moreof Sun. And the Comet, being at. this 
"his fem" time between its perihelion and its con- 
from Pag. junction with the Sun, muft have been 
$4 @ in its perihelion a few hours before. For 
Vol. 1. in fo near a diftance from the Sun it - 
Math. — muft have been carried with great velo- 
meek" city, and have apparently defcribed al- 

moft half a degree every hour. 

wa G2 

By like computations I find that the 
vi DU ELE Comet of 1618 entered the 

Comets are carried, {phere of the orbis magnus 9De- 
fhewed by moreex- ceymber 7, towards Sun-fetting. 
ot hae But its Conjun@ion with the 

Sun was Nov. 9, or 10, about 28 days 
intervening, as in the preceding Comet. 
‘For from the fize of the tail of this, in 
which it was equal to the preceding, it 
is probable that this Comet likewife did 
come almoft into a conta& with the 
Sun. Four Comets were feen that year, 
of which this was the laft. The fecond, 
which made its firft appearance Oéfo- 

ber 
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ber 31, in the neighbourhood of the 
rifing Sun, and was foon after hid under 
the Sun's rays, I fufpe& to have been 
the fame with the fourth, which emer- 
ged out of the Sun's rays about Nov. 9. 
To thefe we may add the Comet of 
1607, which entered the fphere of the 
orbis magnus Sept. 14. O'S. and arrived 
at its perihelion-diftance from the Sun 
about Ocfober 19, 35 days intervening. 
Its perihelion-diftance fubtended an ap- 
parent angle at the Earth of about 23 
degrees, and was therefore of 390 parts. 
And to this number of parts about 34 
days correfpond in 742. 1. Further, 
the Comet of 1665 entered the fphere o£ 
the orbis magnus about March 17, and 
came to its perihelion about April 16, 
30 .days intervening. Its perihelion- 
diftance fubtended an angle at the Earth 
of about feven degrees, and therefore 
was of 122 parts : and correfponding 
to this number of parts, in Zab. 1. we 
find 3o days. Again, the Comet of 
1682 entered the {phere of the orbis 
magnus about Jug. 11, and arrived at 

its perihelion about Sepr. 16, being then 
diftant from the Sun by about 350 
parts, to which, in 7a. 1. belong 334 
days.  Laftly, that memorable Comet 
of Regiomontanus, which in 1472 was 
carried through the circum-polar parts 

of 
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of our northern hemifphere with fuch 
rapidity as to defcribe 40 Bc o in one 
day, entered the fphere of the orbis 
magnus 7475 21. about the time that it 
was paffing by the pole, and haftening 
from thence towards the Sun, was Hid 
under the Sun’s rays about the end of 
February. .Whence 'üs probable that 
30 days or a few more were fpent be- 
tween its ingrefs into the fphere of the 
Orbis magnus and its perihelion. Nor 
did this Comet truly move with more 
velocity than other Comets, but owed 
the greatnefs of its apparent velocity 
to its pafling by the Earth at a near 
diftance. 

Ir appears then that the velocity of 
The inveftigation Comets, fo far as it can be de- 

of the traje&ory of termined by thefe rude ways of 
Comets propofed. computing, is that very velo- 

city with which parabola’s, or ellipfes 
near to parabola’s, ought to be defcri-. 
bed. And therefore the diftance between 
a Comet and the Sun being given, the 
velocity of the Comet is nearly given. 
And hence arifes this problem. _ 

PR O- 

m ee 
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PRIO B.E, M. 

The relation betwixt the velo- 
city of a Comet, and its di- 
fiance from the Sun's center 
being given, the Comet s tra- 
gettory is required. 

Ir this problem was refolved, we 
fhould thence have a method of deter- 
mining the trajeCtories of Comets to the 
greateft accuracy. For if that relation 
be twice aflumed, and from thence the 
trajectory be twice computed, and the 
 errour of each trajectory be found from 

. Obfervations, the affumption may be 
corre&ed by the Rule of Falfe, and a 
third traje&ory may thence be found 
that will exactly agree with the obfer- 
vations. And by determining the tra- 
je&ories of Comets after this method, 
we may. come at laft to a more exact 
knowledge of the parts through which 
thofe bodies travel, of the velocities 
with which they are carried, what fort 
of traje&ories, they defcribe, and what 
are the true magnitudes and forms of 
their tails according to the various di- 
ftances of their heads from the Sun ; 

| 1 whether 
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whether after certain intervals of time, 
the fame Comets do return again, and 
in what periods they compleat their 
feveral revolutions. But the problem 
may be refolved by determining firft the 
hourly motion of a Comet to a given 
time from three or more obfervations, 
and then deriving the trajedory from 
this motion. And thus the invention 
of the trajectory, depending on one ob- 
fervation and its hourly motion at the 
time of this obfervation, will either con- 
firm or difprove it felf. For the con- 
clufion that is drawn from the motion 
only of an hour or two and a falfe hy- 
pothefis, 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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LEMMA L 

To cut two right lines OR, TP 
tven in pofition, by dus 
aida Eo Wie RP, aei n. BE 
Jo as TRP may be a von of the pro- 
right angle, and, if^ 
another right line SP is 
drawn to any given point S, 
the folid contained under 
this line SP and the [quare 
of the right line OR termi-— 
nated at a gwen poit O, 
may be of a given mag- 
nitude. 

It is done by linear defcription, thus. 
Let the given magnitude- of the folid be 
M'xN. From any point r of the right - 
line OR ere& the perpendicular rp 
meeting TP inp. Then through the 
points Sp draw the line Sg equal to 
M*xN 
Or 

more right lines $24, S34, &c. | And 
a repular line 22434 drawn through all 
the points 42434, &c. will cut the 

| right 

In like manner draw three or 
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right line TP in the point P, from 
which the perpendicular PR is to be 
lec fall; Q. EE. 

By trigonometry thus. Affuming the 
tight line TP as found by the preceding 
method, the perpendiculars TR, SB in 
the triangles TPR, TPS will be thence 
given, and the fide SP in the triangle 

M'xN' 
MOR? 7 SP. 

Let this errour, Pippo D, be to a. new 
errour, fuppofe E, as the errour 2524 
+ 33g to the errour 2535; or as the 
errour 2524 +D to the errour 29P ; 
and this néw errour added to or füb- | 
ducted from the length TP will give the 
correct length TP 4 EF. The infpection 
of the figure will fhew whether we are 

| to 

SBP, as well as the errour 
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to add or to fubtract. And if at any 
time there fhould be ufe for a further 
correction, the operation may be re- 
peated. 

By arithmetic thus. Let us fuppofe 
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 

OR, BP and SP will be OR — A d 
TH 

BP + e& and 4/SP' + d RA 

MÓN 
-OKGOR FOIROy IR 

BE BD DAC 
Whence by the method of converging 

feries,we have SP + se 4 m» ee, vc. 

MS Nt. oR M N IAE 

Iu IM OU Io 
| DEN ee, Gre. For the given co-efficients 

M'N 2 SAM NUN LBPSTR 

OR? ELEUEL ge TP * OR, ~ SP TP 

M*N SB’ Mss PE ; 
LOREM: aspe 71> gee GER: 7 

| Mer Send i the figns, we find 

| F TS G on £e zz, ande 4u7-—8 

Whence 

143: 
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Whence, neglecting the very  fmall 

e ( | 
term H e comes out equal to — G. 

zz 

If the errour Xr is not defpicable, 

uke G— Fae. 

And it isto be obferved, that here a . 
general method is hinted at for folving 
the more intricate fort of problems, as 
well by trigonometry as by arithmetic, 
without thofe perplexed computations 
and refolutions of affected equations, 
which hitherto have been in ufe. 

LEMMA IL 

To cut three right lines given 
2n pofition by a fourth right 

line that foall pafs through 
a point affigned in any of tbe. 
three, and fo as its inter- 
cepted paris foall be ma 
given ratio one to the other. 

Let AB, AC, BC be the right lines 
given in pofition, and fuppofe D to be 

the 
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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 BGE."QVE-E. | | 

By trigonometry thus. In the trian- 
gle CGD, all the angles and the fide CD 
are given, and from thence its remain- 
ing fides are found ; and from the given 
ratios, the lines GF and BE are alfo 
given. g 

LEMMA lll. 
Jo find aud reprefent by a 

linear de[criptzon the hourly 
motion of a Comet to any 
given time. | 

From obfervations of the beft credit, 

let three longitudes of the Comet be 

given, and fuppofing ATR, RTB to be 

their differences ; let the hourly motion 

be required to the time of the middle 
RG 2 obfer- 
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obfervation TR. By Lem. Ul. draw the 
right line ARB, fo as its intercepted 
parts AR, RB may be as the times be- 

tween the obfervations. And if we 
fuppofe a body in the whole time to 
defcribe the whole line AB with an 

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 fame with 
that of the Comet at the time of the 
obfervation T R. M 

The fame more accurately. 

Let Ta, Té be two longitudes given 
-at a greater diftance on one fide and on 
the other; and by Lem. Il. draw the 

right line 4R 2 fo as its intercepted parts 

dR, RA may be as the times between | 
tae 
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the obfervations aIR, RIZ. Sup- 
pofe this to cut the lines TA, TB unb 
and E. And becaufe the errour of the 
inclination TRz increafes nearly in the 
duplicate ratio of the time between the 
Obfervations, draw FRG, fo 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 obfervations aTB to the 
whole time between the obfervations 
ATB, and ufe the line this found FG 
‘in place of the line AB found above. 

It will be convenient that the angles 
ATR, RTD, aTA, DT be no lefs 
than of ten or fifteen degrees, ,the times 
correfponding no greater than of eight 
or twelve days, and the longitudes ta- 
ken when the Comet moves with the 
greateft velocity. For thus the errours 
of the obfervations will bear a lefs pro- 
portion to the differences of the longi- 
tudes. - : 

LEMMA IV. 
To find the longitudes of a Co- 

met to any given times. 

It is done by taking, in the line FG, 
the diftances Rr, Rp proportional to - 

the times, and drawing the lines Ty; 

Tp. The way of working id trigono- 

metry 1s manifeft. 
L 2 UIN 
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LEMMA V. 
.Jo find the latitudes. 
On TF, TR, TG, as radius’s, at right 

angles erect Ff, RP, Gg tangents of 
4. the obferved latitudes ; and parallel to | 

fg draw PH. The perpendiculars rp, 
pz, meeting PH, will be the tangents of 
the fought latitudes to Tr and Tp as 
radius's. | 

PROBLEM. L 
From the afjumed ratio of the 

The problem velocity to determine the 
rcfolved. craectory of a Comet. 

Let S reprefent the Sun, 7,T,z three 
places of the Earth in its orbit at equal 

and. 
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. &nd place may anfwer to the motion of 

one hour; pr, PR, «p, perpendiculars 
let fall on the plain of the ecliptic, and 
rRe the veftige of the trajectory in 
this plain. Join Sp, SP, Sw, SR, ST, 
£r, TR, vp, TP ; and let zr, Tp meet 
inO, TR will nearly converge to the 
fame point O, or the errour will be in- 
confiderable. By the premifed lemma's, 
the angles rOR, ROp are given, as 

149 

wellas the ratios pr to zr, PR to TR, _ 
and «p to rp. ‘The figure ¢TrO is 
likewife given, both in. magnitude and 
pofition, together with the diftance ST 
and the angles STR, PTR, STP. Let 
us affume 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 fame diftance SP, as V to 1, 
and we fhall have a line pPa to be de- 
termined, of this condition, that the 
{pace pa, defcribed by the Comet in 
two hours, may be to the fpace V x £r 
that is, to the fpace which the Earth 
defcribes in the fame time multiplied by 
the number V) in the fubduplicate ratio 
of ST, the diftance of the Earth from 
the Sun, to SP the diftance of the Comet 
from the Sun; and that the fpace P, 
defcribed by the Comet in the firft hour, 
may be to the fpace Pa defcribed by the 
Comet jn the fecond hour, as the velo- 

: city 
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city in pg, to the velocity in D, that is, 
in the fubduplicate ratio of the diftance 
SP to the diftance Sp, or in the ratio 
of 2Sp, to SP -]- Sp. For in this whole 
work I neglect fmall fractions that can 
produce no fenfible errour. 

- In the firft place then, as mathema- 
ticians in the refolution of affected equa- 
tions, are wont, for the firft effay, to 
affume the. root by conjecture, fo, in 
this analytical operation, I judge of the 
fought diftance TR, as I beft can by 

conjecture. Then by Lem. Il. I draw 
ro, firft fuppofing 7R equal to Rp, and 
again (after the ratio of SP to Sp is 
difcovered) fo as rR may be to Rp, as 
2SP to SP + Sp, and I find the ratio’s 
of the lines paw, rp and OR one to the’ 
other. Let M be to V xz« as OR to 

pas; and becaufe the íquare of po is 

to the fquare of V X £r, as ST to SP, 
we fhall have ex 4410 OR" to M* as 
ST to SP, and therefore the folid OR? 
x SP equal to the given folid M^ x ST. 

Whence (fuppofing the triangles STP, 
PTR to be nów placed in the fame 
plain) TR, TP, SP, PR will be given 
by Lem.1. All this Ido, firft by de- 
lineation in a rude and hafty way, then 
by a new delineation with greater care, 
and laftly, by an arithmetical compu- 
tation. Then I proceed to determine 

TN rome 
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the greateft accuracy, together with the 
nodes and. inclination of the plain Spa 
to the plain of the ecliptic ; . and in that 
plain Spa, I defcribe the trajectory. in 
which a body let go from the place P in 
the direction of the given right line pz, 
would be carried with a velocity that is 
to the velocity of the Earth, as pa to 

Vxrr. QE.F. 

PROBLEM IL 
do corre the afjumed ratio 

_ of the velocity and the tra- 
. gectory thence found. 

Take an obfervation of the Comet 
about the end of its appearance, or any 
other obfervation at a very great di- 
ftance from the obfervations ufed before, 
and find the interfection of a right line 
drawn to the Comet, in that obferva- 
tion, with the plain Spa, as well as 
the Comets place in its trajectory to 
the time of the obfervation. If that in- 
terfection happens in this place, it is a 
proof that the trajectory was right de- 
termined. If otherwife, a new number 
V is to be affumed, and a new trajectory 
to be-found, and then the place of the 
Comet in this trajectory to the wp 

that 

15$ 

the pofition of the lines rp, po with 



22. DETIUEBSYSTERMD ' 
that probatory obfervation, and the in- 
terfection, 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 thofe other quantities 
ought to be varied or corrected, {0 as the 
errour may become as {mall as poflible. 
And by means of thefe corrections we 
may have the trajectory exactly, pro- 
viding the obfervations, upon which the 
computation was founded; were exact, 
and that we did not err much in the af- 
fumption of the quantity V ; for if we 
did, the operation is to be repeated till 
the trajectory is exactly boys deter- 
mined. ae F3 
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