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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 Englifb Tranflation
of the Principia lately publithed, dire&ting 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
thew how far the Difcourfe in the Principia is
the fame with what is found in this Treatife,
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From Str ISA,Ac' NEeEwTON’s
Mathematical  Principles,
Lib IIL. Introd.

N the preceding books I have
: I laid down the principles of
philofophy ; principles, not
philofophical, but mathematical ;
fuch, to wit, as we may build our
reafomngs upon in philofophical .
enquiries. Thefe principles are
the laws and conditions of certain
motions, and powers or forces,
-which chleﬂy have refpect to phl— .
lofophy. But left they fhould
have appeared of themfelves dry
and barren, I have illuftrated -
them here and there with fome
philofophical fcholiums, giving
an account of fuch thmgs as
are of more general nature, and
which philofophy feems clneﬂy
to be founded on ; fuch as the
denfity and the refiftance of bo-
dies, fpaces void of all bodies,
A 3 and



[vi]. ~
and the motien of hght and~
founds. 1Tt rethains, that from
the fame principles 1 now demon-
ftrate the frame of theSysTem
of theWorLp. 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 dlfputes
which might be raifed upon fuch
accounts, I 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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SYSTEM

WORLD

T was the ancient opinion of
not a few in the  Thae the matter of
earlieft ages of Phl‘ the Heavens is fluid,
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 6wn axe ; and that the Sun, as
the common fire which ferved to warm
the whole, was fixed in the center of the

Umvcrfc -
B - “This
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* Archime-  This was the philofophy taught of |

desindre- old by Philolaus, Ariftarchus of Sa-

fiot. L‘if'z- mos, Plato in his riper years, and the

,i‘i‘lui:ui,, whole fe& of the Pyzhagoreans. And

Lib. 3. de this was the judgment of Anaximander,

11’,’;,5;:}‘ o 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, ere(ted a temple in honour of

Vefta,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 fpread abroad

among other nations. For from them

it was, and the nations about them, that

the Greeks, a people of themfelves more

addi¢ted 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 {pirit of the Egyptians.

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 Anax-
agoras, ‘Democritus and others did now
and then ftart up, who would have it
that the Earth pofleffed the center of

the



OF THE WORLD:
the World, and that the Stars of all forts
Were revolved towards the weft, about
‘the Earth quiefcent in the center; fome
at a {wifter, others at-a flower rate.

However, it was agreed on both fides,
that the motions of the 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 Eudesxus, Calippus and Ariflotle 5
When the ancient philofophy began to
decline, and to give place to the new
prevailing fittions of the Greeks.

But above all things, the phanomena
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, defcri-
bing very eccentric orbits, prefented
themfelves to our view only by turns,
v7z. once in a revolution, when they
defcended into the lower parts of their
orbits. v

And as it was the unavoidable confe-
quence of the hypothefis of folid orbs,
while it prevailed, that the Comets fhould
be thruft down below the Moon; o no -
fooner had the late obfervations of aftro-

- nomers reftored the Comers to their an-
B2 cient
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cient places in the higher heavens, but
thefe celeftial {paces were at once cleared
of the incumbrance of folid orbs, which
by thefe obfervations were broke into
pieces and difcarded for ever.

The principle of cir- WHENCE it was that the
cular motion in free Planets came to be retained

fpaces.

. within any certain bounds in
thefe free fpaces, and to be drawn off -
from the re&ilinear courfes, which, left

- to themfelves, they fhould have purfued,

P. 262,
Vol. 1,
Princip.

into regular revolutions in curvilincar
orbits, are queftions which we do not

know how the ancients explained. And

probably it was to give fome fort of fa-
tisfattion to this difficulty, that fohd orbs
were introduced.

The later philofophers pretend to ac-
count for it, either by the action of cer-
tain vortices, as Kepler and Des Cartes ;
or by fome other principle of impulfe
or attradtion, as Borelli, Hook, and others
of our nation. For, from the laws of

.motion, it is moft certain that thefe ef-

fe&ts muft proceed from thc aCtlon of -

.fome force or other.

But our purpofe is only to trace out

‘the quantity and properties of this force

from the phznomena, and to apply what
-we difcover in fome fimple cafes, as .
prmcxplcg, by which, in a mathematical -

.. vy,

-
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way, we may eftimate the effets there-
of in more involved cafes.  For it would
be endlefs and impoflible to bring every
particular to dire& and immediatc ob-
fervation.

We faid, in @ 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 call it by the
general name of a centripetal force, as
it is a force which is direted towards
fome center; and as it regards more par-
ticularly a body in that center, We call
it cxrcum-folar,cxrcum-tcrrc{’cnal circum-
jovial, and in like manner in réfpet of
other central bodies.

THAT by means of céntripcml forces,

53

the Planets may be retained Theeffe&sof cen-

"in certain orbits, we may eafily tripetal forges.

underftand, if we confider the motions

of projettiles. For a ftone projected isr. . 5, 6

by the preffure of its own weight forced 7+
out of the re&ilinear path, which by the
proje&tion alone it fhould have purfued,
and made to defcribe a curve ling in'the
air ; and through that crooked way is at
laft brought down to the ground. And
the greater the velocity is with which it
s proje&ed, the farther it goes before it
falls to the Earth. We may there-

. ‘B 3 ' . fore
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fore fuppofe the velocity to be fo en-
creafed, that it would defcribe an arc of
I, 2, §, 10, 100, 1000 miles before it -
arrived at the Earth, till at laft exceeding
the limits of the Earth, it thould pafs
quite by without toyching 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@ted in an horizontal di- .
re&tion from the top of an high moun-
tain, fucceflively with more and more

vid.voliLvelocity, And, becaufe the celeftial mo-

P":C'P tions are fcarcely retarded by the little

#*% " or no refiftance of the fpaces in which
they are petrformed; to keep up the pa-
rity of cafes, let us fuppofe cither thae
there is no air about the Earth, or at
leaft that it is endowed with little or no
power of refifting. And for the fame,
reafon that the body projeted 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 Gs
if the vcloclty 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 projeted.

And fince the area’s, which by this
motion it defcribes by a ‘radius drawn

tO
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to the center of theEarth, are (by Prop. 1.
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 fame curve over and over,
by the fame law.

But if we now nnagmc bodies to be *
proje&ed in the dire&ions of lines pa-
rallel to the horizon from greater heights,
as of 5, 10, 100, 1000 or morc miles,
or rather as many femi-diameters of the
Earths thofe bodies, according to their -
different velocity, and the different force
~ of gravity in different highes, *will de-
{cribe arcs either concentric with the
.Earth, or varioufly excentric, and goon
revolving through the heavens in thofe
. traje&tories, juft as the Planets do in their’
orbs.

A's when a ftone is proje&ed obliquely,
that'is, any way but in the per- The certainty of the
pendicular dire&ion, the per- argument.
petual defle@tion thereof towards the
Earth from the right line in which it
was projetted, 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
bodlcs, movmgmfrce fpaces, from redi-

B4 lincar
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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 tho[‘c
bodies towards that place. ‘
And as from the fuppofed exiftence
of gravity, it neceflarily follows thatall
bodies about the Earth muft prefs down-
wards, and therefore muft either de-
fcend direétly to the Earth, if they are
let fall from reft, or at leaft perpetually
deviate from right lines towards the
Earth, if they are projetted obliquely s
fo from the fuppofed exiftence of a force
direted to any center, it will follow by
the like neceflity, that all bodies, upon
which this forcg aéts, muft either de-
fcend direly to thar 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
{hewn in the two firft Books of our
Principles of Philofophy.

- I'r the Earth is fuppofed to ftand flill,

What follows from and: the fixed Stars to be revol-
the fuppofed diurnal ved in free fpaces,' in the fpace
motion of the fars. ¢, hours, it is certain the
forccs by which the fixed Stars are re-

tained
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tained in their orbs, are not dire&ed 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

ene fide and the other from<the Equator,
-defcribe daily. Alfo that by radii drawn

to the centers of thofe orbs, the fixed

Stars defcribe area’s exaltly proportional

to the times of defcription. Then be-
caufe the periodic times are equal, itBy Cor.3.
follows that the centripetal forces are as™- +
the radii of the feveral orbs; and that

they will perpetually revolve in the fame

orbs. And the like confequences may

be drawn from the fuppofed diurnal mo-

tion of the planets.

- THAT forces fhould be dire&ed to no
Body on which they phyfically depend,
but to innumerable imaginary e incongruous
points in the axe of the Earth confequences of this
is an hypothefis too incongru- fppefition.
ous. ’Tis more incongruous ftill that
‘thofe forces fhould increafe exaltly in -
proportion of the diftances from this
-ake. For this is' an indication of an
increafe to immenfity, or rather to infi-
nity ; whereas the “forces of natural
" things commeonly decreafe in- receding
from the fountain from which thc
flow. But what is yet more abﬁm!
ncither are the area’s, defcribed by the
- ‘ famg
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Ceor. 1.
Prope 2.

That there is a cen-

OF THE SYSTEM

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 increafe; and from the increafe of
the area, it is demontftrated that the forces*
are not dire@ed 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
aGually dire&ted to the bodies

sxipetal force really of the Sun, of the Earth, and
dire@ed to the cen- orher 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-
feribed 5 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 {wifter when

its diametet is greater.

The

\®
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' The revolutions of the fatellits of

191

Jupiter about that planct are more re- ?- 206,

gular. For they defcribe circles concen-

tric with Jupiter by equable motions, as

cxa&ly as our fenfes can diftinguifh.
And fo the fatellits of Saturn are re-

volved about this planet with motions P. 208.

nearly circular and equable, fcarcely
- difturbed by any eccentricity hitherto
.obferved.
That Venus and Mercury are revol-
ved about the Sun, is demonftrable from

their Moon-like appearances. When - 209.

they fhine with a full face, they are in

thofe parts of their orbs which in refpe& .

- 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 pares which lie
between the Earth and the Sun, and
fometimes they pafs 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 miore 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 Sup, and therefore by a sadius drawn
, : 19
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to the Sun, ftill defcribes area’s propor-
tional to the times.

Laftly, that the Earth dc(‘cnbes about
the Sun, or the Sun about the Earth, by a
radius from the one to the other, areas ex-
attly proportional to the times, is demon-
firable from the apparent diameter of the
Sun compared with its apparent motion.

Thefe are aftronomical experiments,
from which it follows, by ‘Prg 1, 2,3,
in the-firft Book of -our Principles,

P. 213, and their Corollaries, that there are cen- - -

214, 215,

2o tripetal forces, attually diretted (either
~ accurately or without confiderable er-
rour) to the centers of the Earth, of
Jupiter, of Saturn, and of the Sun. In
‘Mercury, Venus, Mars, and the lefler
planets, where experiments are wanting,
the arguments from analogy muft be al-
lowed: in their’ place.
:}:,’;,, THAT thofe forces decreafe in the
“That thofc centripe- duplicate proportion of the di-
t:l f;mlels d:“';‘:feolr“ ftances from the center of every
tion oF the difances Planet,appears by Cor.6.Prop. 4-
from the center of Bppk1. For the periodic times
every planet. of the fatellits of Jupiter are,one
?.206, .to-another, in the fefquiplicate propor-
*7* tion of their diftances from the center
of this planet.
~ This proportion has bcen long ago ob-
ferved in thofe fatellits.  And Mr. Flam-
B Sfeeed,
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fteed, 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
ot {enfes. And he fent me the dimen-
fions of their orbits taken by the mi-
crometer, and reduced to the mean di-
flance of Jupiter from the Earth, or
from the Sun, together with the times
of their revolutions, as follows :

The greateft elonga- o
tiongrof the fatel%?ts T}T’; .Pem’d‘? times of
from the center of elr revolutions.
Fupiter as feen from
_ the Sun.
[ 7] ’” d' b. ’ v
A |t 48 or 108 1 18 28 36
2d. {3 o1 or 181 3 13 17 54}
3d. |4 46 or 286 7 ©°3 59 36
42h.|8 133 or 4933 |16 18 5 a3

Whence the fefquiplicate proportion
may be eafily feen. For example, the
1649 18h o5' 13" is to the time 1d.
18h 28" 36" as 4934" X4/4932" to
108" X 4/ 108", negletting thofe fmall
frattions 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-

I3
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By Townley

~ Diftanceof the 1. 2d.  3d. 4th.
By Galilzo 6 1o |16 |28
Simon Marius | 6 16 16 |26
gqﬁm § 8 13 |23,
orelli more
exaltly. ; 5% 85: 14 1243

After the invention of the micrometer.

5,51 | 8,78
5531 |8,85

5,578(8,876

13,47
13,98

14,159

24472
24523

245903

. Flamfleed
More accurately
. by the eclipfes§

And the periodic times of thofe fa-

tellits, by the obfervations of Mr. Flam-
" fleed, are 1d 18h 28/ 367 | 3d 17h 1o

54" | 74 3h 59! 36" | 16d 18h g y3e
as above. ' 2

And the diftances thence computed
are 5,578 | 8,878 | 14,168 | 24,968 |
accurately agreeing with the diftances by
obfervation. o ,

Caffini affures us that the fame pro-
portion is obferved in the circum-fatut-
nal planets. But a longer courfe of ob-
fervations is required before we can
have a certain and accurate theory of

~ thofe planets.
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"In the circum-folar planets, Mercury
~ and Venus, the fame proportion holds
with great accuracy, according to the
dimenfions of their orbs, as determined

by the obfervations of the beft Aftro-

nomers.

" THAT Mars is revolved about the

Sun, is demonftrated from the

13

. 209,
11, 212,

That the fuperior

phafcs which it-thews, and the p:’anets l:m revolveg
. : Tte ia. about the Sun, an
proportion of its ‘apparent dia by radii drawn 1o the
meters. For from its appear- sun, defcribe area’s

ing full near conjun&tion with groz:rtional to the

T1m

the Sun, and gibbous in its qua-
dratures, it is certain that it furrounds
the Sun. , )
And fince its diameter appears about
five times greater, when in oppofition
to the Sun, than when in conjun&ion
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
when in conjun&ion 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 the Sun at almoft
-equal diftances, but in refpe&t of the
Earth is very unequally diftant; fo by
radii drawn to_the Sun, it defcribes
. area’s

[%1]



16

OF THE SYSTEM

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 hlghCl‘ orb than
Mars, is likewife revolved about the
Sun, with a motion nearly equable, as
well in diftance as in the qrca’s defcribed,
I infer thus:

- Mr. F/amjt‘eed affured me by letters,

*that all the eclipfes of the innermoft fa--
‘tellite, which hitherto have been well

obferved, 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 innermoftbut 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 corre¢ted 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. Flam-
Seeds
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Sfeeed’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 thadow, that longitude is the fame
with the heliocentric longitude of Ju-
piter.  And therefore the hypothefis
which Mr. Flamfleed follows, viz. the
Copernican, as improved by Kepler, and
(as to the motion of Jupiter) lately
correted 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 eafily found, the diftance of
{illpitcr from the Sun is determined :

hich 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-
lected, and perhaps may arife from fome
yet undifcovered eccentricity of the fa-
tellite. 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.

c 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 5 though a longer feries of obfer-

-vations is yet wanting to confirm the

thing, and to bring it under a fufficiendy
exa&t computation.

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

governs the fuperi- trograde nor ftationary, as it is

our Planets is dire@- feen fometimes from the Earth,
ed, not to the Earth

but to the Sun.  but 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 turded out of a redilinear
courfe, and made to revolve in an orb,
is not dire&ted 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-
ries of the latter) about which the area’s
defcribed by radii intervening, may be
equable. And that this is the Sun, we
have proved already in Mars and Saturn
nearly, but accurately enough in Jupiter.
It may be.alledged that the Sun and
Planets are impelled by fome other force,
cqually and in the dire&ion of palrallcl
: -~ 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, ner any fenfible effe&
follow; but our bufinefs is with the
caufes of fenfible effets. Let us there-
fore negle©t every fuch force as imagi-
nary and precarious, and of no ufe in
' the phznomena of the heavens; and the
whole remaining force by which Jupiter
is impelled, will be dire&ted (by Prop. 3.
Cor. 1.) to the center of the Sun.

THE diftances of the Planets from the
Sun come out the fame, whe-  qp.0 the circum-
thtl’, with .73’0/.70, we placc the folar force through-
Earth in the center of the fy- 9utall the regions of

. the Planets decreaf-
ftem, or the Sun with Coper- eth in the duplicate
micus: and we have already P=°P°rtif°n th'he di-
proved that thefe diftances are t2neesfrom the Sun.
true in Jupiter. '

Kepler and Bulléaldus have, with great 7. 21o.
care, ‘determined the diftances of the
Planets from the Sun. And hence it
is that their tables agtee beft with the
heavens. And in all the Planets, in
][:upitcr‘and Mars, in Saturn and the

arth,as wellasinVenus and Mercury, the
cubes of their diftances are as the fquares
of their periodic times; and therefore
(by Cor. 6. Prop. 4.) the centripetal

Ca circum=

)
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circum-folar force, throughout all theé
planetary regions, decreafes in the du-
plicate proportion of the diftances from
the Sun. In examining this proportion,
we arc to ufe the mean diftances, or the
tranfverfe femi-axes of the orbits (by
Prop. 15.) and to negle&t 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,

, ﬁpitcr, Mars, the Earth, Venus and

ercury from the Sun, drawn from the
obfervations of Aftronomers, are, ac-
cording to the computation of Kepler,
as the numbers 951000,519650,152350,
100000,72400, 38806 ; by the compu-
tation of Bullialdus, as the numbers,
954198,522520,1 §23$0,100000,72398,
385855 and from the periodic® times
they come out 953806,520116,152399,
100000,72333,38710. Their diftances,
according to Kepler and Bullialdus,
fcarcely 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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- THAT the circum-terreftrial force like-

wife decreafes in the duplicate That the i
proportion of the diffances, yeprial foree decron
thus I infer. fes in the duplicate

The mean diftance of the Rioporionol cheds
Moon from the center of the proved in the hypo-
Earth, is in femi-diameters of Lh:lg’ ;’tfr:{*{” Earth’s
the Earth, according to Pto- gatret
lomy, Kepler in his Ephemerides, Bul-?- 215,
lialdus, Heveliusand Ricciolus 595 ac-219 *'"
cording to Flamfteed 59 ¢, according to
Tycho 564, to Vendelin 60, to Coperni-
cus 603, to Kircher 623.

But Tycho and all that follow his ta-
bles of refraltion, making the refradi-
ons of the Sun and Moon (altogether
againft the nature of light) to exceed
thofe of the fixed Stars, and that by a.
bout four or five minutes in the hori-
zon, did thereby augment the horizon-
tal parallax of the Moon, by about the
like number of minutes; that is, by about
" the 12th or 1s5th part of the whole pa-
rallax. Corre&t this errour, and the di-
ftance will become 60 or 61 femi-diame-
ters of the Earth, nearly agreeing with
what others have determined.

Let us then affume the mean diftance
of the Moon, 60 femi-diameters of the
Earth, and it¢ periodic time in refpet
of the fixed Stars, 274 7b 43’, as
Aftrenomers have determined it, And

C3 (by
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(by Cor. 6, fPr?: 4.) abody revolved in
our air, near the furface of theEarth 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-
ftances from the center of the Earth, that
is, as 3600 to 1, would (fecluding the
refiftance of the air) compleat a revolu-
tionin 1h 24! 27",

Suppofe the crrcumference of the

Earth to be 123249600 Paris feet, as

Vid,p240.- 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 155 Paris
feet.
- This we infer by a calculus formed up-
onProp. 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,
Huygens 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, defcribg
15 & Paris feet.

Bur
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B u r if the Earth is fuppofed to move,
the Earth and Moon together The fame provedin
(by Cor. 4. of the Laws of Mo- the hypothefis of the
tion, and Prop. s7.) will be it
revolved about their common center of
gravity. And the Moon (by Prop. 60.)
will in the fame periodic time, 274 7h
. 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 1) to be about p, of the
Earth, as43to v/ 42 + 43> orasabout
128 to 127. And therefore the femi-
diameter of the orbit, that is, the di-
ftance between the centers of the Moon
and Earth, will in thiscafe be 60 % 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 this diftance. I have neg-
leéted the increment of the orbit, which

arifes from the altion of the Sun, asin-
C 4 confide-
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confiderable. But if that is fubduéted
the true diftance will remain, about 60§
[%] femidiametersof the Earth.

P.ag Burt further, this proportion of the
The decrement of decrement of the forces is con-
the forces in the d“} firmed from the eccentricity of
gl poportion of the Planers, and the very flow
Earth and Planets, motion of theirapfes. For (by
‘g;gg;fﬂfy'g;‘t;‘;el,;;- the Corollaries of Prop. 45.) in
nets, and the very NO other proportion, could the
flow motion of their ¢ircum-folar planets, once in
apfes. every revolution defcend to
their leaft, and once afcend to their
greateft dxﬁancc from the Sun, and the

‘places of thofe diftances remain immo-

vable. A fmall errour from the dupli-

cate proportion, would producc a mo-

tion of the apfes, confiderable in every

[%] revolution, butin many enormous,

) ~ But now after innumerable revolu-
tions, hardly any fuch motion has been
perceived in the orbs of the circum-fo-
lar planets. Some Aftronomers affirm,
that there is no fuch motion, othersreck-
on it no greater than what may eafi al}
arife from the caufes hereafter to be
figned, and isof nomomentin the pre-

~fent queftion,
P.24,  We may even negle@ the motion of
215 the Moon’s apfc, which is far grcatcr
than in the circum-folar plancts, amount-
mg ‘
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. jag 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 fmall mutation,
avould exceed the motion of the Moon’s
apfe. This flow motion arifes from the
ad&tion of the circum-folar force, aswe
fhall afterwards ‘explain. But fecluding
this caufe, the apfe 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
Placg.

Now that this proportion has been 7. 227,
eftablithed, we may compare ‘The quantity of
the forces of the feveral planets the forces tending to-

wards the feveral pla-
among themf{elves. nets, The circum-
~In the mean diftance of Ju- folarvery great.
piter from the Earth, the greateft clon-
gation of the outmoft fatellite from Ju-
piter's center (by the obfervations of
Mr. Flamfleed) is 8' 13". And there-
fore the diftance of the fatellite from the
center of Jupiter, is to the mean dlﬁanc?

Q
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of Jupiter from the center of the Sun,
as 124 to §2012, but to the mean di-
ftance of Venus from the center of the
Sun, as 124 to7234. And their perio-
dic times are 16344 apd 22444, And
from hence (according to Cor. 2. Prop.
4.) dividing the diftances by the fquares
of the times, we infer that the force by
which the fatellite is impelled towards
Jupiter, is to the force by which Ve-
nus is impelled towards the Sun, as 442
to 143.  And if we aiminifh the force,
by which the fatellite is impelled, in
the duplicate proportion of the diftance
124 t0 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, oras I 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 1594 22b and its greateft elonga-
tion from Saturn, while that planet is -
in jts mean diftance from us; 3’ 20",
it follows that the diftance of this fatel-
lite from Saturn’s center, is to the di-
ftance of Venus from the Sun, as 92 % to
723435 and from thence that the abfo-
lute circum-folar force is 2360 times
greater
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greater than the abfolute circum-fatur-
nial.

- FroMm the regularity of the heliocen-
triC and irreglﬂarity Of thc gco- The circum-terre-
centric motions of Venus, of ftrialforceveryfmall.
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. .

- Ricéiolus and Vendelin have feverally
tried to determine the Sun’s parallax,
from the Moon’s dichotomies obferved
by the telefcope, and they agree that it
does not exceéd half a minute.

Kepler, from Tycho'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 mictometer in the perifeon
pofition of Mars, but never found it
above 25"; and thence concluded the
Sun’s parallax at moft 10".

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 100003
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 Ricciolus and
Yendelin, that the Sun’s parallax was
lefs than half a minate, yet from this it
will folow, that the abfolute circum-
- {olar force exceeds the abfolute circum-:
[%1 terreftrial force 8500 times.

By the like Computations I happen-

The apparent dia- €4 tO_difcover an analogy that
meters of the pla- is obferved between the forces
peth 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. '

P.207. . Mr. Flamfteed, by the micrometer,
meafured the diameter of Jupiter 40" or

- 41", the diameter of Saturn’s ring s0",and

- [%] the diameter of the Sun about 32’ 13".

P. 209. But the diameter of Saturn is to the
diameter of the ring, according to Mr.
Huygens and Dr. Halley, as 4 t0 95 ac-
cording to Galletius, as 4 to 105 and
according to Hook (by a telefcape of 6o
feet) as s to 12, And from the mean

. pron
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' proportion s to 12, the diameter of Sa-
turn’s body is inferred about 21", [%]

SucH as we have faid are the appa-
rent magnitudes. But becaufe .. corredtion of
of the unequal refrangibility of the apparent diame-
light, all lucid points are dila- ters
ted by the telefcope, and in the focus of
the obje&-glafs poffefs a circular fpace,

+ whofe breadth is about the soth part of
thc aperture of the glafs.

- It is true, that towards the circumfe-
rence, the light is fo rare as hardly to
move the fcnfe but towards the mlddlc,
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 sth
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
‘greater circle containing a right angle
‘at C; ACBE the fquare comprechended
under thefe femi-diameters, AB the dia-
gonal of that {quare; EGH an hyper-
" bola with the center C and afymptotes
CA, CB; PG a perpendicular eretted
from any point P of the line BC, and
mcctmg the hyperbola 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
the area 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

' s required to move the fenfe.

Hence it was that at the diftance of
191382 feet, afireof 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 witha
good full light; but with a fainter light
they 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 morg
diftintly defined, which though hereby
diminifhed, did yet appear as of s"” or
6" in diameter. But Mr. Huygens, only

by clouding the cye—glaﬁ with a licde
: finoak,
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fmoak, did fo effeCnally extinguifh this
fcattered light, that the fixed Stars ap-

ed 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 thah others have meafu-
red them by the micrometer. For the
fcattered 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
fmall 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. Crabrrie
only 1’ 3", to Horrox but 1’ 12", though
* by the menfurations of Hewvelius and
Hugenius, without the Sun’s difc, 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
meafured at the obfervatory of Paris
31’ 30"; in the eclipfe it felf did not
feem to exceed 30’ or 30 os”. And

therefore the diameters of the Planets

are to be diminifhed, when without the

Sun, and to be augmented .when within
I it

31
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it by fome feconds. But the crrours
feem 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 ta the
greateft elongation of the outmotft fatel-
- lite-as 1 t0 24,903. threfore fince that
elongation is 8' 13", the diameter of Ju-
piter will be 394”5 and reje@ting the
fcattered light, the diameter, found by
the micrometer 40" or 41", will be re-
duced to 394". And the diameter of Sa-
Cturn 217, is to be diminithed by the
like corre&tion, and to be reckoned 20"
or fomething lefs. But (if I am not
mi{’takcn) the diameter of the Sun, be-
caufe of its ftronger light, is to be dimi-
nithed fomething more, and to bc reck-
oned about 32/ or 32/ 6"

r.2i9.  THAT bodies fo different in magni-

Why the denfiy is tude fhould come fo near to an

reatutin fome of the analogy with their forces, is
s jand lefe in not without fome myftery.

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

) 7 to
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to the Sun’s heat, are alfo hgrder baked
and more compaét.

For from the experimentof 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
fpirit 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-
ftances 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 poﬁ'cﬁ the nearer places, and
each body enjoysa degree of heat fuitable
to its condition, and proper for its nou-
rithment. From this confideration it will
beft appear that the weights of all the
Planets are one toanother 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, ismadeto
ﬂnnc through acircular hole, and bottlh
D - the
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the hole and the light of the lamp are
fo diminifhed that the fpetrum may ap- -
pear through the telefcope juft like the
Planet, and may be defined by the fame
meafure: Then the diameter of thehole
will be to its diftance from the obje&tive
glafs, as the true diameter of the Planet
to its diftance fromus. The hght of ‘the
lamp may be diminithed by the interpo-
fition either of pieces, of cloth, ar of
{moaked glafs.

OF kin to the ana}ogy we have beea

223, 233 defcribing, there isanother obferved be-

Another analogy

tween the forces and the bodies

Between the forces attraled. Since the a&ion 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, it is evident that the a&tions
of the ccntnpctal 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 ations of the cen-

-tripetal force would be as the bodies of

the Planets. For ‘if the attions were
not proportional to the bodies to be
moved, they could not equally retrat
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 refpect.
of its fatellite, and of our Earth in re-
fpet of the Moon, as appears from Cor. .
2 and 3. Prop. 65. And therefore at
equal diftances, the a&tions 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 planetis
compofed. For if the aftion 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. ' [%]

IN fuch bodies as are found on our . 220,
Earth of very different forts, I examin-*** -
ed thlsanalogy with great ac- Provedin terreflrial
curacy. . _ odies, -

If the a&ion of the circumterreftrial
force is proportional to the bodies to be

' " D2 -moved,
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moved, it will (by the fecond Lsw of
Mbption) move them with equal velocity
in equal times, and will make all bodies .
let fall to defcend through equal fpaces
in equal times; and all bodies hung by

~equal threads, to vibrate in equal times.

If the a&ion 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 exaétnefs. -

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 exadtly as I could) in the center of
ofcillation of the other. The boxes,
hung by equal threads of 11 feet, made

. a couple of pendulums.perfedly equal in

weight and figure, 'and equally expofed
to the refiftance of theair: 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 11) the quantity of matter in the

gold
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gold was to the quantity of matter in the
wood, as the a&tion of the motive force
upon all the gold, to the a¢tion of the fame
upon all the wood, that is, as the weight
of the one to the weightof the other.

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

SINCE the aftion of the centripe-
tal force upon the bodies at- The affinity of thofe
traled, is, at equal diftances, 2nalogies. '
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 attralting.

For all attion is mutual, and (by the . 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 attratting, another as attraded :

But this diftin&ion is more mathematical

than natural. The attraltion is really o
common of either to other, and there- \
fore of the famekind in both. [%]

A Np hence it is that the attrative
force isfound in both. The Sun
attralts Jupiter and the other
Plancts.” Jupiter attralts its fatellites.

D * And

And coincidence,
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'And for the fame reafon, the fatellites
a&t as well one upon another asupon Ju-
piter, and all the Planets mutually one
upon another. :

And though the mutual a&ions of two
Planets may be diftinguithed and confi-
dered as two, by.which each attraéts the

_other; yet as thofe aions are interme-

diate, they do not make two, but one
operation between two terms.  Two bo-

_ dies may be mutually attraéted, each
“to the other, by the contra&tion of a

cord interpofed. There is a double
caufe of a&ion, to wit, the difpofition
of both bodies, as well as a double a&i-
on in {o far as the a&tion is confidered as
upon two bodies: But as betwixt two
bodies it is but one fingle one. It is
not one a&tion by which the Sunattra@s
Jupiter, and another by which Jupiter
attra@ts the Sun: Bur it is one aétion
by _which the Sun and Jupiter mutually
endeavour to approach cach the other.
By the a&ion with which the Sun at-
tra&ts Jupiter, Jupiter and the Sun en-
deavour to .come nearer together (by
the third Law of Motion) and by the

“adtion, with which Jupiter attralts the

Sun, likewife Jupiter and the Sun en-
deavour to come fearer together : But
the Sun is not attrated towards Jupiter
by a.two-fold altion, nor Jupiter by

' ‘ a
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a two-fold altion towards the Sun: but
it is one fingle intermediate altion, by
which both approach nearertogether. ,
Thus iron draws the load-ftone, as f +37¢ ¥ol.
well as the load-ftone draws the iron:
For all iron in the neighbourhood of the
load-flone draws other iron. But the
altion betwixt the load-ftone and iron
is fingle, and is confideted as fingle by
the philofophers. The ation of iron
upon the load-flone is inde¢d the altion
of the load-flone 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 theiron almoft
ceafes. - - [*]
In this ferife it is that we are to con-
ceive one fingle a&ion to be exerted be-
twixt two Planets, arifing from the con-
" fpiring natures of both. And thisation
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 th
other. :

PeErHAPS {t may be objeited, that p, 2.6,
according to this philofophy  That the forces of
all bodies thould mutually at- fimall bodies are in-
tra& one another, contrary to fenfible.
the evidence of experiments in terre-

( -D 4 ftrial
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ftrial bodies. But I anfwer, that the

~ experiments. in terreftrial bodies come to
- no account. For the attrattion of ho-

mogeneous {pheres near their furfaces,
are (by Prap. 72) as their diameters.
Whence a fphere of one foot in diame-
ter, and of a like nature to the Earth,
would attra& a fmall body placed nearits
furface witha force 20000000 times lefs,
than the Earcth would do if placed near
its furface. But fo fmall a force could
produce no fenfible effed. If two fuch
fpheres were diftant but by ; 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 {pheres will
come together at a rate yet flower, viz.
in the proportion of their diameters,
Nay, whole mountains will not be fuffici-
ent to produce any fenfible effet, A
mountainof an hemifphericalfigure, three

mmiles high, and fix broad, will not, by its

attra&tion, draw the pendulum 2 minutes
out of the true perpendicylar: And itis
only in the great bodies of the Planets
that thefe forcesare to be perceived, un-
lefs we may reafon about fmaller bodies
in manner following. |

‘Lgr
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LET ABCD reprefent the globe of ;.37
the Earth, cut, by any plane which notwichtand-
AC, into two parts ACB, ing, there areforces
and ACD. The part ACB fending romaree sl
bearing upon the part ACD proportional to their
prefles it with its whole weight : quantities of matter.
Nor can the part ACD fuftain this
preflure and continue uamoved, if it is
. not oppofed by an equal contrary pref-
fure. And. therefore the parts equally
prefs cach other by their weights, that
is," equally attra& each other, according
to the zhird Law of Motion; and if fe-
‘parated and let go, would fall towards
cach other with velocities reciprocally
as the bodies. All which we may uy
and fee in the load-ftone, whofe mm&&

e
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ed part does not propel the part attrad-
ing, but is only ftopped and fuftained
thereby. -

Suppofe now that ACB reprefents fomc
fmall body on the Earth’s furface; then
becaufe the mutual attrattions of this
particle and of the remaining part ACD
of the Earth towards each other, are
equal; but the attraction of the particle
towards the Earth (or its weight) is as

the matter of the particle (as we have

proved by theexperiment of the pendu-
lums) the attra@tion of the Earth to-
wards the particle, will likewife be as
the matter of the particle. - And there-
fore the attra@tive forces of all terreftrial

~ bodies will be as their feveral quantities
- of matter.

THE forces, which are as the matter
1n terreftrial bodies of all forms,

forces tend towards and therefore are not mutable
the celeftial bodies.  yith the forms, muft be found

[=x=J

in all forts of bodies whatfoever, celeftial -
as well as terreftrial, and bein all pro-

portional to their quantities of matter,

becaufc among all there is no difference of
fubftancc, but of modes and forms on-
ly. But in the celeftial bodics, the fame
thing is likewife proved thus. We have
{hcwcd, that the action of the circum-

“folar force upon all the Planets (redu-

ced
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ced to equal diftances) isasthe matter of
the Planets; That the a&ion of the cir-
cumjovial force upon the fatellites of Ju-
piter obferves the fame law; and the
fame thing is to be faid of the attraGtion
~of all the Planets towards every Planet :
But thenceit follows (by Prop.69) that
their attraltive forcesare as their feveral
" quantities of matter.

~ A's the parts of the Earth mutually at-
traét one another, o do thofe  Thatfrom the fur-
of all thePlanets. If Jupitcr and faces of the Planets, -
its fatellites were brought toge- fren png,, Gevard,
ther, and formed into one globe, inthe duplicate ; but,
. without doubt they would con- f,f:'}?;“;g;’::;;‘:; [
- tinue mutually to attra& one of the ditances from
another as before. And onthe theirceaters,

other hand, if the body of Jupiter was

broke into more globes, to be fure, thefe

would no lefs attra& one another than they

dothe fatellitesnow. From thefe attra-

&ions it is that the bodies of the Earth,

and all the Planets affett a fpherical figure,

and that their parts cohere, and are not
- difperfedthrough the Ather. 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 it follows ( by

Cor. 3. 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-
cles and (by Prop.73and 75) that the
force of an entire globe, reckoningfrom
P.arg,  the furface outwards, decreafes in the
229 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-
**# - wards the furface, is not uniform, yet
- the decreafe in the duplicate proportion
-of the diftance outwards would (by
Prop. 76) take place, provided that dif-
formity is fimilar in places round about at
equal diftances from the center. And
two fuch glabes will (by the fame Pro-
pofition) aural one the other with a
force decreafing in the duplicate pro-
~portion of the diftance between their

[* - centers. '

WHER EFORE the abfolute force of

The quantities of CYCTY globe is as the quantity
the forces and of the Of matter which the globe con-
e satifinginthe tains: But the motive force by
- which every globe is attraited

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 berween

< ' theix
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their centers (by Cor. 4. fProp 76. ) to
which force the quantity of motion, by
which each globein a given time will be
carried towards the other, is proporti-
onal. And the accelerative force, by
which every globe according to its quan-
tity of mateer is attratted towards ano-
ther, is as the quantity of matter in that
other globe applied to the fquareof the
diftance between the centers of the two
(by Cor. 2. Prop. 76.) to which force,*
the velocity, by which the attraéted globe
will, inagiven time, be carried towards
the other, is proportional. And from
thefe principles well underftood, it will
be now eafy to dctermine the motions of
the celeftial bodies among them{elves.

FRro M comparing the forces of the .
Planets one with another, We  Thacall the Planets
have above feen that the cir- reyolveaboutthe Sun.
cumfolar does more than a thoufand ‘
times -excced 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 planctary
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 fuchbodies. For certainly the Moon
is a body of the fame nature with the

. Planets,
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Planets, and fubje& to the fame attradi-
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 attratted towards
the Sun, we have above proved: We
have likewife before proved, that all bo-
dies are fubjeé&t to the faid common laws
of attra@tion. 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 fpace of time it would,
in its defcent, arrive at the Sun; tQ wir,
in half that periodic time in which the
body might be revolved at one half of
its former diftance; or, in a fpace of
time that is to the periodic time of the
‘planet as 1 to 4y/2. Asthat Venus in
its defcent would arrive at the Sun in
the fpace of 40 days, Jupiter in the {pace
of two years and one month; and the
Earth and Moon together in the fpace

- of 66 days and 19 hours. But fince no

fuch thing happens, it muft needs be
that thofe bodies are moved towards other

p.s. va.parts. Nor is every motion fufficient
1. - for this purpofe.” To hinder fuch a de-

fcent, 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 pari-
bus) was retarded by one half, the pla-
net would be retained in its arb by one
fourth of the former circumfolar force,
and by the excefs of the other three
. fourths would defcend to the Sun. And
therefare the Planets (Saturnm, Jupiter,
‘Mars, Venus, and Mercury) are not re-
ally retarded in their perigees, nor be-
come really fationary, or regreflive with
flow motions. All thefe are but appa-
rent, and the abfolute motions, by which
the Planets continue to revolve in their
orbits, are always dire&t and nearly equa-
ble. But that fuchimotions are perfarm-
ed about the Sun, we have already pro-

ved ; and therefore the Sun, as the cen-

ter of the abfolute motions, is quief
cent. For we can by no means allow

quicfcence to the Earth, left the Planets -

in their perigees thould indeed be truly
retarded, and become truly ftationary and
regreflive, and fo for want of motion
thould defcend to the Sun. Bat further,
fince the Planets (Venus, Mars, l!u?iter
and the reft) by radii drawn to the Sun
defcribe regular orbits, and area’s (as
'we havefhewed) nearly and to fenfe pro-

portional

a7
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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. Reje& 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 other
Planets round about itfelf, the Earth
ought to attra& the Sun -with a great
force, but the circumfolar Planets with
no force producing any fenfible effed,
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
lowermott region of the Univerfe; now

. for better reafon, the Sun pofiefled 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-
pofition of the whole fyftem will be
more fully and more exaitly underftood.

" BECAUSE
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BECAUSE the fixed Stars are quief: P. 232,
cent one in refpect of another, we may ***
confider the Sun, Earth, and Pla- _ That the common
nets as one fyftem of bodies center of gravity of
carried hither and thither by :'fi:':fp.';}',’::’d‘fegﬂ;
various motions among them- is agitaced witha ve-
felves; and the common center *7 flow motion. This

. motion defined,
of gravity of all (by Cor. 4. of ™
the Laws of motion) will either be quief-
cent, or move uniformly forwardin 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. Fhe com-
mon center of gravity of the Sun and
Jupiter falls on the furface of the Sun. .
And though all the Planets were placed
towards the fame parts from the Sun
with Jupiter, the common center of
the Sum 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 fto 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:l [

E an
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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.

?.23¢.  AourT the Sun thus librat‘éd the

That the Planets
neverthelefs are re-
volved in ellipfes,ha-
ving their foci inthe
Sun; and by radii
drawn to the Sun de-

other Plancts are revolved in
clliptic orbits, and, by radii
drawn to the Sun, defcribe a-
rea’s nearly proportional tq the

fcribe area’s pro-
- portional

times.

times, as is explained in Prop.
to the 65. If the Sun was quiefcent,
and the other Planets did not

a&t mutually one upon another, their
orbits would be elliptic, and the area’s
cxaitly proportional to the times. (by
Prop. 11, and Cor. 1. Prop. 13.) But

“the altions of the Planets among them-

fclves, compared with the actions of the
Sun on the Planets, are of no mo-
ment, and preduce. 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-
efcent (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 ;s 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/,
4s". 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 thence all that we have faid
will be farther confirmed. '

IF the Sun was quiefcent and the

3

[*1

Planets did not g& ONE ON AN~ e\ W s
other, the aphelions and nodes of the orbits, and of
of their orbits would likewife the motions of their

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

E 2 of -

aphelions and nodes.
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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 equinogtial points,
which are moveable, but from the firft
Star of Aries. Put the femi-axe of the
Earth's orbit 100000, and the {emi-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 Prap. 60) by about onc
third of the diftance of the Sun’s center
from the common center of gravity of

P.236,  the Sun and Planet. And from the adti-

237,

ons of the exterior Planets on the inte-
riour, the periodic times of the interi-
our are fomething protra&ted, though
fcarcely by any fenfible quantity; and
their aphelions are transferred (by Cor.
6 and 7. Prop. 66) by very flow mo-

[%] tionsin comféquentia. And on the like

account the periodic times of all, efpe-
cially of the exteriour Planets, will be
prolonged by the a&tions of the comets,
if any f{uch there are, without the orb
of Saturn, and the aphelions of all will
be thereby carried forwards in confe-
quentia. But from the progrefs of the
aphelions, the regrefs of the nodes fol-
lows (by Cor. 11, 13. Prep. 66.) Anctl~

i
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if the plain of the Ecliptic is quiefcent,
the regrefs of the nodes (by Cor. 16.
Prop. 66 ) will be 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 apogzon nearly, that is,
as about 10 to 21. But aftronomical
obfervations feem to confirm a very flow
progrefs of the aphelions, and a regrefs
of the nodesin refpectof 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, fpend almoft
their whole time in the regions beyond
the Planets ; as we fhall afterwards. ex-
" plain more at large.

T H E Planets thus revolved about ?. 252,
the Sun , may at the fame 253, 254
time carry others revolving a- All the motions of
bout themfelves as Satellites or fhe Moon, that have
Moons, as appears by Prop. 66. ferved by aftrono-
But from the aétion of the Sun, mers, derived from

. . the foregoing ptin-
our Moon muft move with ciples,
greater velocity, and, by aradi- '
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 {yzygies than
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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 apogzon is in the fy-
zygies, and leaft when the fame is in the
quadratures ; and hence it is that the peri-
geon-Moon is fwifter and nearer to us,
but the apogzon-Moon flower and far-
ther fromus, inthe {yzygiesthan in the
quadratures.  But further, the apogzon
has a progreflive, and the nodes a regref-
five motion, both unequable. For the -
apogzon is more {wiftly progreflive in
its fyzygies, more flowly regreflive in its
quadratures, and by the excefs of its pro-
grefs above its regrefs is yearly transfer-
red in confequentia : but the nodes are
quicfcent in their fyzygies, and moit
wiftly regreflive in their quadratures.
But further ftill, the greateft latitude of
the Moon isgreater in its quadraturesthan
in its fyzygies 5 and the mean motion
fwifter 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, 3, 4,5, 6,7, 8,9, 10, 11, 13,
Prop. 66. and are known really to exift
in the heavens. And this may be feen
in that moft ingenious, and, if I miftake
not, of all the moft accurate, hypoth}c:

' is
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. fis of Mr. Horrox, which Mr. Flamfteed
has fitted to the héavens. But the aftro-
nomical hypothefes are to be corre&t-
ed in the motion of the nodes. For
the nodes admit the greateft equation
or profthapharefis in their oftants, and
this inequality is moft - confpicuous,
when the Moon is in the nodes, and
therefore alfo in the o&ants, and hence it
was that Tycho, and others after him,
referred this inequality to the oftants
of the Moon, and made it menftrual.
But the reafons by us adduced prove
that it ought to be referred to the
oftants of the nodes, and to be made
annual.

Bes1pE thofe inequalities taken no- »- 253,
tice of by aftronomers, there are yet*®®"3°*
fome “others, by which the , .0 Gmeother
Moon’s motions are fodifturbed, unequable motions
that hitherto by no law could {hathitherto havenor

. bean 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 differcnce 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 arc augmented and diminithed
(by Cor. 14, Trop 66) in the triplicate

E ¢ fatio
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ratio of the Sun’s apparent diameter.
Befide that, the variation is mutable near-
" ly in the duplicate ratio of the time be-
tween the quadratures (by Cor. 1 and 2,
Lemm. 10) and Cor. 16, Prop. 66.)
And all thofe inequalities are fomething
greater in that part of the orbit which
refpefts the Sun, than in the oppofite
part, but by a difference that is fcarccly or

[%] Dot at all perceptible.
P.267. 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
tvhe: 5:;}‘ to any gi- 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 A 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-
ftance from the Earth, is as that fum di-
vided by the horary motion of the Moon.
Thus it is when the variadon in the
oftants 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 exaitly the diftances thus found
will agree with the Moon’s apparent di-

[%] ameters,

FroM
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FroMm the motions of our Moon we ?- 254
_may derive the motions of the )
Moons or Satellites of Jupiter th;rr';fc“‘i‘::s“o"f“;u;f
and Saturn. For the mean mo- ter and Saturn, deri-
tion of the: nodes of the out- vedfrom the motions
. . . of our Moen.
mott fatellite of Jupiter is to
the mean motion of the nodes of our
Moon in a proportion .compounded of
the duplicate proportion of the periodic
time of the Earth about the Sun, to the
periodic time of Jupiter about the Sun,
and the 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 amtecedemtia. The mean
‘motions of the nodesof the inner fatel-
lites are tothe (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.
And the motion of the apfis of every fa-
tellite in comfequemtia is to the motion.
of itsnodes in antecedentia, as the mo-
tion of the apogee of our Moon, to the
motion of its nodes (by the famecorol-
lary) andisthence given. The greateft
- equations of the nodes and linec of the
apfes of each fatellite are to the greateft
equations of the nodes and the line tl":f
: ¢
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the apfes of the Moon:refpettively, as
the motion of the nodes and line of the
apfes of the fatellitesin the time of one
revolution of the firft equations, to the
motion of the nodesand apogzon 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
refpedtively, 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 s” 12". From the fmall quan-
tity of thofe inequalitics, and the flow-
nefs of the motions, it happens that the
motions of the fatellites are found to be
{o regular, that the morec modern aftro-
nomers either deny all motion to the
nodes, or affirm them to be very flowly

[%] regreflive.

P.238.

W HiLE thePlanetsare thus revolved

That the Planets, in i1l 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. And that (per- dayg; Jupiter in 9b 56’5 Mars,
hips) thofe motiong . i h . h

are the moft fit for 1N 24373 Venus, in 23b; and

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 {pots or macule,
that by turns prefent themfelves to our
fight in their bodies. And there isa like
revolution of our Earth performed in
24%. And thofe motionsare neither ac- %]
celerated nor retarded by the a&tions of
the centripetal forces, as appears by Cor.
22, Prop. 66. And therefore of all
others they are the moft equable and
moft fit for the menfuration of time.
But thofg 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.

I~ like manner is the Moon revolved mid.’
about itsaxe by a motion moft  Thar the Moon
equable in refpe@t of the fixed likewife is. revolved
Stars, viz. in27¢ 7b 43/, that 3 Sl metion
i§, in the fpacc of a fydcrcal that its libration does
month ; fo that thisdiurnal mo- thencearife.
tion is equal to the mean motion of the
Moon in itsorbit. Upon which account,
the fame face of the Moon always re-

{peéts the center about which this mean
motion. is performed, that is, the exte-
riour focus of the Moon’s orbit nearly.

And
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And hence arifes a deflexion of the
Moon’s face from the Earth, fometimes
towards the eaft, and other times to-
wards the weft, according to the pofition
of the focus which it refpes ; and this
deflexion is equal to the cquation 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 in which the Moon is revolved
about the Earth. For that axe retains
the fame pofition to the fixed Stars
nearly, and hence the poles prefent
themfelves 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 axe to
the plain of the Ecliptic, are by turns
illuminated by the Sun. To determine
exadtly the pofition of the Moon’s axe to
the fixed Stars, and the variation of this
pofition, is a problem worthy of an aftro-
(%] 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-,

he lib - . X
of the theaxes ofthe Cede from the axes of this moti-

Earthand Planets.  on ; and hence the 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 7. 239,
the Plangts are fomething thicker about } 45
the equator than about the poles, and

their equinoftial points thence become ». 252,
regreflive, and their axes by a motion

of nutation, twice in every revolution
librate towards their ecliptics, and twice
return again to their former inclination,

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

And hence it is that Jupiter, viewed
through very long telefcopes, does not
appear altogether round, but having its p. 4.
diameter that lies parallel to the Ecliptic,
fomething longer than that which isdraw.

from north to fouth. '

AND from the diurnal motion and p.2¢5 2
the attraGtions of the Sun and Moon, 26°-
our Sca ought twice to rife and  That the fea oughe
twice to fall every day, aswell Tice to flow, and
Lunar as Solar (by Cor. 19, day ; that the highe{{
20, Prop. 66) and the grear- Wwatermuftfall outin
Cft hdght of the water to hap‘ the appulfe gf the lu-
pen before the fixth hour of minaries to the meri-
cither day, and after the twelfth dian 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 itis pro-

' tracted
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tratted and deferred till.a time nearer to
the fixth hour.  Buttill that time is more
cerrainly determined by the phxznome-
na, choofing th¢ middle between thofe
extremes, why may we not conjeGure
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 lefs; viz. 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 f{pends before it comes about
again by its apparent diurnal motion to
the meridian of the place, which it left -
the day before.

BuTt the two motions which the two
luminaries raife will not appear .

tides happen in the diftinguifhed, but will make a
fyzygies of thelumi-  cepain 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 {yzy-
ies and quadratures thofe greateft and leaft tides deviate a little
rom that third hour towards the third hour after the appulfe of the

Sun to the meridian,

7

junétion
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jun&ion or oppofition 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 is 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-
dracures, during which time the 39 hour
of the Sun precedes the 3¢ of the Moon,
the greateft tide will precede the 3d lunar
hour 5 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 34 lunar hour, while the Moon
is pafling from the quadratures to  the

{yzygics.
Bur

63
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BuTt the effe@ts of the luminaries

That the tides are d€Pend upon their diftances

greatet when thelu- from the Earth. For when

minaries arein their they are lefs diftant, their ef-
peripees fets are - greater, and whe

greater, and when

more diftant their effe@s are lefs, and

that in the triplicate proportion of their

apparent diameters. Therefore it is that

e Sun in the winter time, being then

in its perigee, has a greater effe®, and

makes the tides in the fyzygies fome-

thing greater, and thofe in the quadra-

~ tures fomething lefs, cezeris 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 pafs that

two higheft tides do not follow one the

other, in two immediately fucceeding

fyzygies. :

THE effe& of either luminary doth

That the tides are Jikewife depend upon its decli-
greatcft about the e- nation or diftance from the e-
quinoxes. quator. For if the luminary
was placed ac the pole, it would con-
ftantly attra@ all the parts of the wa-

ters, without any intenfion or remiffion

of its adtion, and could caufe no reci- .
procation of motion. And therefore as

the luminaries decline from the equa-

tor
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_tor towardgeither pole, they will by de-
grees lofe their force, and on this account
will excite lefler tides in the folftitial than "
‘in theequino&ial fyzygies. But in the
folftitial quadratures, they will raife great-
er tides than in the quadratures about
the equinoxes; becaufe the effe¢t of the
Moon, then fituated in the equator, moft
exceeds the effe@t 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 f{yzygies 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 pafs 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 effe@s of thelu.
“minaries depend upon the lati- \ ,
tudes of lla)ﬁces. POLct A pEP eq:;*:z; t::tﬁd‘:fs e
reprefent the Earth, on all fides greater and lefs al-
covered with deep waters; Cits 7"
center ; P, pits poles; AE theequator;

F any place witheut the equator ; F £ the
garallcl of the place; D4 the correfpon- |
ent parallel on the other fide of the
equator; L the place which the MQ"? |
F : poi--
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poffefled three hours before ; H the placé
.of the Earth dire&ly under it; 4 the op-

pofite place; K, k the places at 9o de-

,%recs diftance; T H, C A the greateft .
“heights of the Sea from the center of the

Earth, and CK, C#, the leaft heights:
and if with the axes HA, K %, an ellipfe
is defcribed, and by the revolution of that

ellipfeabout its longer axe H 4, afpheroid
HPK hpk isformed; this{pheroid will
" nearly reprefent the figure of the Sea;

and CF, Cf; CD, Cd, will reprefent

‘the Sea in the places F, f; D, 4. But

further, if in the faid revolution of the
ellipfe any point N defcribes the circle
N M, cutting the parellels F £, D4 in

any placesR, T, and theequator AE in

S; CN will reprefent the height of the
Sea in all thofe places, R, S, T, fituated
in this circle. erefore in the diurnal re-

e - volution
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volution of any placeF, the greateft flood
will be in F, atthe thitd Hour after the
appulfeof the Mdon to 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 £; 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 latterflood in £; will be
lefs than the preceding flood in F. For
the whole Sea s divided into two huge and
‘hemifpherical floods, one in the hemi-
fphere KH £C, on the north fide, the
.other in the oppofite hemifphere KH £C,
which we may therefore call the northern
. and the fouthern floods. Thefe floods be-
Jingalways oppofite the one to the other,
come by turns to the meridians of all

laces after the interval of twelve lunar

‘hours. And feeing the northern countries
‘partakemoreof thenorthernflood, and the
fouthern countries more-of the fouthern
flood, thence arife tides alternately greater
and lefs in all places without the equator,
in which theluminaries 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 ttie Moon changes its de-

) Fz2  clination,

IR
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- clination, that which wasthe greatertide -
will be chariged into a leffer, and the
greateft difference of the floods will fall
outabout thetimes of the folftices, efpe-
cially if the afcending node of the Moon
is about thefirft of Aries. So the morn-
ing tides in winter e¢xceed thofe of the
evening, and theeveningtidesexceed thofe
of the moriding in fummer ; at Plymonth
by the height of one foot,but at Briffo/by
the height of 15 inches, according to the
- obfervations of Coleprefs and Sturmy.

B u T the motions which we have
' “That by the confer. De€R defctibing fuffer fome alte-
vation of the impre(: ration from that force of reci-
ferenca ol the st PrOCation which the waters (ha-
diminifhed : and that Ving once received] retain a lic-
hence i maybappen tle While by their vis infita.
firaal ride will beche Whence it comes to pafs that
. third after the fyzy- the tides may continue for fome
gy time, though the aGtionsof the
luminaries thould ceafe.  This power of
retaining the impreflfed motion leffens the
differénce of the alternate tides, and

fakes thofe tides which immediately fuc-

ceed after the fyzygies greater, and thofe

which follow next after the quadratures

" Jefs. And hence it is that the alternate

tides at Plymouth and Briftol, 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
fyzygics. ‘ - [%¥)

IT may alfo happen that the greateft
tide ma the fourth or fifth .
after thcyﬁzygies, or fall out yet of the’ ftel;e :::;m::
later, becaufe the motions of retarded by impedi-
the Sea are retarded in pafling " e hannels
through fhallow places towards the thores.
" For fo the tide arrives at the weftern
coalt of Ireland ac the 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,
Pilymouth, Portland, the ifle of Wight,
Wenchefier, ‘Dover, the mouth of the
Thames, and London Bridge, fpending
twelve hours in this paflage.  But further
the propagation of the tides may be ob-
ftruGted 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 llands,
. and at all thofe weftern coafts that lie
’ F 3 to- .

\
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- towards the Atlantic ocean, as of Ire-
fand, France, Spain, and all Africa to
the cape of Good-hope, except in fome

_fhallow places, whereitis impeded, and
falls out later; apd in the ftreights of
Gibraltar, where by reafon of a mation
‘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 .

firftat the moft eaftern fhores of Brafile,

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. Au-
guftinin Florida at feven 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 fallberween Brafileand NewFrance,
and rife at the Canary Iflands, and on the
coafts of Europe and Africa, and wvice
werfa: For the Sea cannot rife in one
place butby falling in another. Anditis
probable that the Pacific Sea is agitated
by the fame laws. For in the coafts of
Chili and Peru, the higheft flood is faid

$9 happen at the third lunar hopr, Buyf

with
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‘ thh what velocity it is thence propagated

to the eaftern coaftsof Fapan, the Phi-

71

lippine and other iflands adjacent to Chi-

na, I have not yet learned.

FARTHER it may happen,
tidemay be propagated from the
ocean through different chan-
nels towards the fame port, and
may pafs quicker through fome
channels than through ethers,

that the P. 260,

That from the im-
pediments of chan-
nels and fhores, va-
rlous phznomena do
arife, asthat the fea
may flow but once

. . . day,
in which cafe the fame tide, di- *'° "

vided into two or more fucceeding one
another, may compound new motions
of different kinds. ~Let us fuppofe one
tide to bedivided 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 appulfeof 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 wauld ftagnate and remain

uict. If the Moon then declined from

e equator, the tides in the ocean would

bc alternately greater and lefs as was faid.

And from hence two greater and two

lefler tides would be alternately propa~

: 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-
erand lefler floods would make the. wa-
ters torife to a mean height in the mid-
dle time between them, and in the mid-
dle time between the two lefler floods
thie waters would rife to their leaft height.

) Thus in the fpace of twenty-hours, the -

' Pbiloﬁ,bb
Tranf. N
162,

waters would come, nottwice, but once
only to their greateft, and once only to
theirleaft 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
thc port of Batfbam, in the.kingdom

of Tunquin, in the latitude of 200 50/
north. “In that port on the day which
follows ‘after the paffage of the Moon
over the equator the waters ftagnate:

- When the Mooh 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. Thxsudccncrcafcth with
the declination of the Moon, till the fe-

venth
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venth or eighth day 5 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 fer-
ting, and the flood at the rifing of the
Moon; till the Moon again changes its
declination. Thete are two inlets from
the ocean to this port; one more dirsct
and fhort between the ifland Husnan
and the coaft 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
Bat am. [%]

IN the channels of rivers, the influx
and reflux depends n the
current of the :Fvers, \:']fi:,ch OB e i he times of
ftruéts the ingrefs of the waters channelsofriversarg
from the Sea, and promotes [ unequal than
their egrefs to the Sea, making
the mgcfé later and flower, and the
egrefs fooner and fafter. And hence it
is, that the reflux 'is of longer duration
than the influx, efpecially far up the ri-
vers, where the force of the Seais lefs,
So Sturmy tells us, that in.the river
Avon thrcc miles below Briffol, the wa-
ter
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ter flows only five hours, but ebbs feven.
And without doubt the difference is yet:
greater above Briffol, as at Carefbam 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 longer, 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 obftru&ed by the
greatnefs 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 alittle. And

I obferved above, that the tides before
the f{yzygies were alfo retarded by ‘the

force of the Sun. And from both caufes
' conjoined, the rctardation of the tides

will be both greater and fooner before
the fyzygies. All whichI find to be fo,
by the tide-tables which Flamfleed has

'compofcd from a grcat many obferva-

IIOHS.

By



the times of the tides are go-
‘verned : But the greatnefs of
the tides dependsupon the great-
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. "By the laws we have been defcribing,

That the tides are
ieater ingreaterand
eper Seas ; greater
on the fhores of con-

nefs of the Seas. Let Crepre- rinentsthanotiflands
fent the center of the Earth, inthe middle of the

EADB the oval figure of the

Sea; andyet greater
in fhallow bays that

Sca, CA the 1ongcr {femiaxe of épenwithwideinlet:
. -this oval, CB the fhorter infift- totheSea.
ing at right angles upon the former, D

.the middle point between A and B, and
ECF or ¢Cf the angle at the center of
.the Earth, fubtended by the breadth of
the Sea that terminates in thefhores 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 ¢, f; if the difference
of the heights CA, CB reprefent the

~quantity of the tide in a very deep Sea

-~

fur-
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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 ¢ above the height
Cf, will nearly reprefent the quantity
of the tide on thefhores, £, of the fame Sea.
Whence it appears that the tides are far
Iefs 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 Seabetween 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
onalmott all the thoresof 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 fcarce rife higher

than two or three feet, but on the thores
of great continents are three or four times
greater and above, efpecially if the mo-
tions propagated from the ocean are by
degrees contratted into a narrow fpace,
and the water, to fill and empty the
bays alternately, is forced to flow and
ebb with great violence through fhallow

. placess as Phymonth and Chepfiow-

Bridge
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Bridge in Englend, at the mount of
St. Michael and town of Avranches in
Normandy, and at Cambaja and Pegu
in the Ey

the fea hurriéd -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 deprefled the water to forty
or fifty feet and more. Thus alfo long
and fhallow fireights that’ open to the
fea with mouths wider and deeper
than the reft of their channel, (fuch as
thofe about Britain, 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 deprefled
lower. On the coafts of South Ame-
rica, it isfaid that the Pacific Sea inits
reflux fometimes retreats two miles, and
gets out of fightof thofe that ftand on
fhore. Whence in thefe places, the
floods will be 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

amore than {ix; eight, or ten feet. The

" quantity of the afcent I compute in the
followmg manner. ‘ ‘

I LET

aft Indies. In Wh1ch places,

24

[%]
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:’é;ﬁ» .LET S reprefent the Sun, T the
Earth, P the Moon, PAGB the Moon’s

sunes force of the orbit. In SP take SK equal 0
tions of _thre Moon, ST and SL to SK in the dupli-
computed from the cate ratio of SK to SP. Pa-
foregoing principles. rallel to PT draw LM; and
' fuppofing the mean quantity of the cir-
cum-folar force direted towards the
Earth to be reprefented by the diftance
ST or SK, SL will reprefent the quanti-
ty thereof dire@ed 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 Prap. 66,
and its Corollaries.) In fo far as the
Earth and Moon are revolved about theit
common center of gravity, the Earth
will be liable to the adtion of the like
forces. But we 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) thatis, in the
‘duplicate ratio of 274 7h 43! to 3654 6h

. 9', or as1000 t0 178725, Or I to 17833.

The force by which the Moon may be *
revolved in its orb about the Earth in
reft, at the diftance PT of 6ol femi-
diameters of the Earth, is to the force
by which it may revolve in the fame time
- at the diftance of 60 femi-diameters as
.60%to 603 and this force is to the force
of gravity with us as 1 to 60 X 60
nearly. And therefore the mean force
ML isto theforce of gravity at the furface
of theEarth as 1 X 604 t0 60 X 60 X 60
X 17843, or 1 to 638092,6.  .Whence
the force TM will be alfo given from the
proportion of the linesTM, ML.". And
thefe are the forces of the Sun, by which
the Moon’s motions are difturbed. . -

I# from the Moon’s orbit we defcend ». s0s.
to the Earths fqrf:ace, .thOf.C,V The force of the
forces will be diminifhed in the Sun to move the fea
ratio of the diftances 603 and 1; “ompued.

: : and
L
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and therefore. the force LM will thent
become 38604600 times lefs than the
force of gravity. But this force atting
equally every where upon the Earth, will
fcarcely effeé 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
thereforebut 12868200 times lefs than the-

[*1 force of gravity. -

SurprosE now ADBE to reprefent

_The height of the the fpherical furface of the
tide under the equa- Eqpehy - 4D SE the furface of the

tor, arifing from the 8 .
force of th§$un,com- water oycr-fpreadmg it, C the

. puted,

. center of both, A the place to
which the Sun is vertical, B the place

1) D

“‘.‘0'- . fn ’-.....

Y : ’».‘
i[ N\ A
3
£ 1 1

bBk—1¢ “lala
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‘oppofite; D, E, places at 90 degrees di-
ftance from the former; ACEm/k a
right angled cylindric canal pafling
through the Earth’s center.  The force
TM in any place isas the diftance of the
place from the plain DE, on which aline
from A to C.infifts at righe angles, and

therefore in the part of the canal which is -

reprefented by E C/sm, is of noquantity ;
but in the other part A C/k, isas the gra-
vity at the feveral heights. For in de-

{cending towardsthe center of the Earth,
gravity is (by Prop. 73.) every where as
the height. And therefore the force T M
drawing the water upwards will diminifh
its gravity in the leg AC/ k of the canal
in a given ratio ;5 upon which account
the water will afcend in this leg, till its
.defe& of gravity is fupplicd by its greater
height, nor will it reft in an equilibrium,
till its total gravity becomes equal to the
total gravity in E C/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 thercforethe height
of the water inthe leg AC/% willbeto
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-
G .. ber

a
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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 1. But
the height in- the leg EC/m 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 9% inches of the Parss foot;
and the Sun’s force will make the height

. of the Sea at A to exceed the heightof
the fame atE by 9 inches. And though -
the water of the canal A C E m/ £ be fup-
pofed to be frozen into ahard and folid
confiftence, yet the heights thereof at A
and E, and all other intermediate places,
‘would ftill remain the fame.

LeT A 4(in the following figure) re-

The heighe of the Prefent that excefs of height of
:i;}:s :rc}e; gtlf\eoyal;:‘le- ninef mcfhe; ath A,and b ft;lhe
) e ngirom e excefs of height at any other
el ‘fom’ PP blace A5 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 anyplace £ 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 direction

: of
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i e

of paralfel lines, they will generate the
parallel heights Ff; A 2 in the fame ra-
tios and therefore the figure of the wa-
ter Dfae b will be a fpheroid made by
the revolution of an ellipfe about its
longer axe 24. And the perpendicular
height £/ will be to the oblique height

FfasfGtofC, orasFGtoAC: and -

therefore the height f4 is to the height

A 2 in the duplicate ratioof FG to AC, .

that is, in the ratio of the verfed fine
of double the angle D C f to double the
radius, and is thence 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 afcent and de-
fcent, 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
is in" all places diminifhed in the dupli-
cate ratio of the co-fines of latitude s
.and on account of the Sun’s declina-
tion, the afcent and defcent under the
equator is diminifthed 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
diminithed nearly in the fame ra-
tio. ,

- LeT S and L refpeQively reprefent
Fhe proportion of the force§ of the Sun and Moon
the tides under the placed in the equator, and at
equater, in the {YZY- their mean diftances from the
8 ifing from the join: Earth, R theradius, Tand V the
forces of both Sun verfed fines of double the com-
and Moon. 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 t¢
be. their apparent diameters to thar
given time, their forces to raife the
tides under the cquator will be, in the
. VG? TEF?

fyzygies, —— L 4 —— in th
yaygles, Rp L tIRp > e
: quadra-
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VG? -TF?
| quadratures, RE L T S. And
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 .
forcesLand S; and then by meansofthis
rule predi& the quantities of the tidesta
every fyzygy and quadrature.

AT the mouth of the ri- p 306, 307,308, 300. '
ver Avop, three milesbelow Br:- MThe force of the
Stol, in fpring and autumn, tl:le Moo 1o :fgf: ot;dtchs;
whole afcent  of the water in water thence arifing,
the conjun&ion oroppofition of computed. ‘
the luminaries (by the obfervation 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 affume them in
their mean quantities, as well as the
Moon’s declination in the equinotial
'quadratures, in its mean quantity, that
is, 23295 and the verfed fine of double
its complement will be 1682, fuppafing
theradius to be 1000.  But the declina-

-tions of the Sun in the equinoxes and of
the Moon in the {yzygiesare of noquan-
tity, and the verfed fines of double the
complements are each 2000, Whence
thofe forces become L ~- S in the fyzy-
1682

2000

gics, and

L — S in the quadratures,
G3 . re-
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refpetively l}oportional to the heights
of the tides-of 45 and 25 feet, or of 9

~and 5 pacess And therefore multiply-

ing the extremes and the means we have

‘ Is138
5L+.5$=-2§&%L—9S,orL =

28000 ¢ _ s
5138 T : '

But further, I remember to lave been
told, that in fummer the afcent of the
fea in thefyzygies, is to the alcent 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 s5; whence it would

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

I682L+1682 S: L —

proportion is
propo 2000 2000

1682 ' .
— =8 :: 6:5.] Till we can more cer-
2000 -

tainly determine the proportion from ob-
fervation, let us aflume L = 5%S; 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
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 genecrate

all that quantity of tides, which we

really find in the ocean.

37

THUs we have feen that thefe forcesp, ;31o.

are fufficient to move the fea.

That thofe forces
But, {o. far as I can obferve, b e

they will not be able t0 pro- arefearce fenfible by
duce any other effet fenfible any other effe@ be-

~ on our Earth. For fince the
weight of one grain in 4000

ide the tides which
they raife in the fea,

is not fenfible in the niceft balance; and " -

the Sun’s force to mave the tides is
12868200 lefs than the force of gravity ;
and the fum of the forces of both Moon
and Sun, exceeding the Sun’s force only
in the ratio of 64 to 1, isftill 2032890
times_lefs than the force of gravity 5 it is
~evident that both forces together are soo
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
{wimming in ftagnant water, or in the
like ftatical experiments. In the acmof-
phere indeed they will excite fuch a flux
and reflux as they do in the fea, but with
fo fmall a motion that no fenfible wind
will be thence produced.

G4 iF

(%]



88 OF THE SYSTEM

P 2PN . " IF the effe@ts of both Moon
Thatthe body ofthe and Sun in raifing the tides, as
Moonisabout6times well as their apparent diameters;
body of thesun.  Were equal among themfelves,
their abfolute forces would (by
Cor. 14. fProlf. 66.) be as their magni-
tudes. But the effe® of the Moon is to
the effe ofthe Sunas about s to1 5 and
the Moon’s diameter lefs than the Sun’s
in the ratioof 31 4 to 324 orof 4510 46.
Now the force of the Moon is to be in-
creafed in the ratio of the effe& diredly,’
and in the triplicate ratio of the diameter
inverfely. Whence the force of the Moon
compar’d with its magnitude will be tothe
force of the Sun compar'd with its magni-
tude in the ratio-compounded of 5 § to 1,
and the triplicateof 4 5 to 46 inverfely, that
is, in the ratio of about s &=to1. And
therefore the Moon in refpe& of the mag-
nitude of its bedy, has an abfolute cen-
. tripetal force greater than the Sun in re-
fpec of the magnitude of itsbody, in the
ratio of §vs to 1, and is therefore more

denfe in the fame ratiq.

IN the time of 274 7h 43! in which

That the Moon is the Moon makes its revolution

more denfc than the about the Earth, a Planet may

Earth in aratio 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 -

-theEarth’s diameters. If in both cafes the
number of diameters was the fame, the
abfolute circum-terreftrial force would (by
Cor. 2. Prop.72)be to theabfolute eircum-
folar force as the magnitude of the Earth
to the magnitude of the Sun. Becaufe

the number of the Earth’s diameters is.

greater in the 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-
tioof 345 to 1. Wherefore the Earth’s
~ force, for the magnitude of its body, is
to the Sun’ force, for the magnitude of
its body, as 34} to 1, and confequently
the Earth’s denfity to the Sun’s will be
in the fame ratio. 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 2, to 344, oras 23

to 16. Wherefore fince the Moon’s
- magnitude is to the Earth’s magnitude

as about 1 to 411, 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

39
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common center of gravity of the Earth
and Moon is more exaétly determined

[%} 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 exaitly defined from the phzno-
mena of the tides, hoping that in the

. meantime thecircumference of the Earth
may be meafured from more diftant ftati-
ons than any body has yet cmploycd for
this purpofe. | :

THus I have 'givcn an account of
i the fyftem of the Planets. As
g Of thediftance of ) ¢he fixed Stars, the fmallnefs
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 Stats to yet greater diftances by the
following arguments. From the annual
motion of the Earth there would happen
anapparent 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 nearef 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 thould
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 177
~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 refle& a-
bout } of this-light, the whole light re-
fleted from its illuminated hemifphere

will be about ———— of the whole
3 4200000000 -

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, fomethingmore lucid than a fixed Star
of the firftmagnitude. Let ustherefore
- {uppofe that the diftance from which the
Sun would fhine as a fixed Star cxcct;ds

at

of the Sun’s light. For fo -

- 91
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that of Saturn by “about 100,000 times;
and itsapparent diameter willbe 7V 16,
and its parallax arifing from the annual
motion of theEarth 13", Andfo great
will bethe diftance, theapparent 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 fixed Stars is intercepted and loft in
its paffage through fo vaft 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 3 of the
light perifh in jts paffage from the neareft
fixed Starsto us; then % will twice perith
in its paffage through a double fpace,
‘thrice through a triple, and fo forth,
~ And theréfore the fixed Stars that are at
-a double diftance will be 16 times more
obfcure, viz. 4 times morg obfcure on
account of the diminifhed apparent dia-
meter ; and again, 4 times more on ac-
count of theloftlight. Andby the fameé
argument, the fixed Stars at a triple di- °
ftance, will be 9X4X 4 or 144 times
more obfcure, and thofcat a quadruple
diftance will be 16X 4 X 4X 4 or 1024
times more obfcure. But fogreat a dimi-
nution of light is no ways confiftent with
the phenome¢na and with that hypoth;:: '
3 i§ .
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fis which places the fixed Stars at different
diftances. .

Tei E fixed Stars being therefore atr.s3;
fuch vaft diftances from one another, can 3+
neither attra& each other fenfi- :
bly, nor be attracted by our Sun. Thatthe Comen ¢
But the Comets muft unavoid- ‘;‘i;fb'i::;.;fn,e near-
ably be adted on by the circum- er than Jupiter. Pro-
folar force. For as the Comets ::f:,i'?;nb;ng;a:h
were placed by aftronomers a- - -

‘bove the 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 more than ordinarily
flow, or retrograde, if the Earthis between
~ them and the Suns and more than ordi-
narily fwift, if the Earth is 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 f{wifter.
I*] And by colle@ting the differencesbetween
the flower and fwifter motions, and the
fums of the more fwift and retrograde
motions, and comparing them with the
fitnation and motion of the Earth from
whence theyarife, I found, by mieans 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.

2. 325, T HE fame thing may be colleGted

.q from the curvature of the way
frog,ctﬁli:‘epg:l‘lﬁ of the Comets. Thefe bodies
inlatiude, . o0 on nearly in great circles
" while "their motion continues {wift ; 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, mu{f}

arife



OF THE WORLD: 95

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. ' [%]

_ MOREOVER; this nearnefs of the
Comets is confirmed by the an- e fame proved
nual parallax of the orbit, in o otherwife by the pa«
far as the fame is pretry nearly "l
colle@ted by the fuppofition that the
Comets move uniformly in right lines.
The method of colle&ting the diftance of
a Comet according to this hypothefis
from four obfervations, (firft attem
by Kepler, and perfetted by Dr. Walljs
and SirChriftgpher Wren) is wellknown.
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, paffed be-
tween the Sun and’ the Earth ;5 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, Hewvelius

' placed

A
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ﬂaced all the Comets about which w&
ve any obfervations, below the orbic

of Jupiter. ‘Tisa falfenotion therefore, .

and contrary to aftronomical calculation,

. which fome have entertained, who from

the regular motion of the Comets, eithef
remove them into the regions of thefixed
Stars, or deny the motion of the Earths
whereas their motions cannot be reduced
to perfedt regularity, unlefs we fuppofe
them to pafs 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 orits and
motions of the Comets.

P.316,t0  THE near approach of the Comets is
”;_' the & further confirmed from the light
thecom e ghe of of their heads.  For the light of
. proved that they de- a celeftial body, illuminated by

tend to the orbit of .
. Saturn. the Sun, .and receding to remote

parts, is diminithed 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 anotherduplicate
‘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 1 6 times more obfcure &
. an
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and that if its diftance were 4 times
greater, its light would be 256 times

lefs 5 and therefore would be hardly per-

ceivable to the naked eye. Butnow 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 a§ Saturn near the hori-
zen. 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
as broad; namely, 4% min. Again, the
leaft diameter of the hair of the Comet
of the year 1682, obferved by Mr. Flam-
Jffeed with a tube of 16 foot, and meafu-
red with the micrometer, was 2/ o,
But the nucleus, or ftar in the middle,
fcarce poflefled 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

oof thefirftor fecond magnitude. More-
over, the Comet of the year 1665 in"

April, as Hevelius informs us, exceed-

H ed .
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ed almoft all the fixed Stars in fplendor;

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,

‘apd 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
atelefcope, was phainly 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. twice as great as that of the
Comet, with a light not at all more in-
tenfe : and therefore the Comer 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 of
the fame apparemt 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

much
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- thuch inferiout to tlie light of Saturn, as
the light of Saturn is to the fplendour of .
Jupiter : But this difference would be
cafily obferved. At a diftance ten times
. greater their bodies muft be greater than
that of the Sun ; but their lighe would
- be 1006 times fainter than that of Saturn.
And at diftances ftill 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 ome 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 have gone without ’
- eonfidering that gobfc:ufation O,Ab"ff“}f‘f;i’;l,‘:w;n
which Comets fuffer from that fometimes below the
plenty of.thick finoak whichen- °r of the Earth.
compafleth their heads, and through -
which the heads always thew 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,
<hat it may vie with the Planets in
the quantity of light which it refle@ts.
Whence it is probable that the Comets
defcend far below the orbit of Saturn, as

H 2 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 refleted from a fmoak
arifing from them and difperfing it felf .
through the Ather, or to the light of

- their own heads.

In the former cafe we muft 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 refles 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 Jupiter, if their
light were dilated and fpread through
fo great a fpace, 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
. nearer to the Earth, it appeared to Caf
_ fimi through a telefcope of 35 foot a lit-

tle lefs than the globe of Saturn. On
~ the 8th of this month, in the morning,
‘Dr. Halley faw the tail, appearing broad
and very fhort, and as if it rofe 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
furpaflfed that of all the Stars together,
as yielding only to the immediate bright-
nefs of the Sun itfelf. Neither Mercu-
ry, nor. Venus,” nor the Moon it felf
are fecn fo near the rifing Sun. Imagine
all this dilated light colleGted together,
and to be crouded into the orbit
of the Comet’s nucleus which was
lefs than Mercury 5 by its {plendour

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 1s5th of.

101

the fame month this tail extending it -

H 3 felf
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felf over a much greater {pace, appeared
more rare; but its light was flill 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 wonderfu] manner. From
its length, which was 40 or so degrees,
and its breadth of 2 degrees, we may
compute what the light of the whole .
muft be. -

-TH1s near approach of the Comet
to the Sun is confirmed from

from the extraordi. tE fituation they are feen in

nary

lendour of when their tails appear moft re-

their tails when th
arenear the san. ) iplendent. For when the head

P 374

paffes 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 {plendour

"always decreafes and turns by degrees

into a palenefs like to that of the milky
way,, but much more fenfible at firft;
after that vanifthing gradually. Such was
that moft refplendent Comet defcribed
by Ariftotle, Lib. 1. Meteor. 6. ¢The

* “head thereof ¢ould not be feen becaufe

¢it fet before the Sun, or at leaft was hid

$ under the Sun’s rays ; but the next day

f it was feen gs well as might be ; for ha-

£ ying left the Sun buta very little way, is

¢ fet
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¢ fet immediately after it. Aad the foat-
¢ tered light of the head obfcured by the
¢ too great {plendour (of thetail) did not
¢ yet appear. But afterwards (fays Ars-
< ftotle) when the fplendour of the tail
¢ was now diminithed, (the head of) the
¢ Comet recovered its native brightnefs.
€And the fplendour of its tail reached
¢ now to a third part of the heavens’ (that
is to 60°.) ¢ It appeated in the winter
¢ feafon, and rifing to Oriow’s Girdle,
< there vanithed away.” Two Comets of
the fame kind are defcribed, by Fuffin,
#b. 37, which according to his accotint
* fhimed fo bright that the whole heaven
¢ feemed to be onfire ; and by theirgreat-
¢ nefs filled up a fourth part of the hea-
¢ vens, and by their fplendour exceeded
¢ thatof the Sun.” By which lat wordsa
near pofition of thefe bright Comets and

€03

[%*]

the rifing or fetting Sun is intimated. P. 373,
We may add to thefe the Comet of the 37+

year 1101 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-
fins has it from Simeon the monk of

Dyrbam. It 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. Marthew Paris
fays, ¢it was about one cubit from ‘the
¢ Sun; from the third’ [or rdther 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.
Andat the beginning it afcended a little
above the horizon; but asthe Sun went
forwards it retired every day farthér
from the horizon, tll it paffed by the
very middle of the heavens. It is faid.
to have been at the beéginning large and
bright, having a large coma, which de-

-cayed from day to day. It is defcribed

in Apﬁmd. Matth. Parif. Hift. Ang.
after this manner. An. Chrifti 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 itfelf with
¢ a great light as far as the middle of the
¢ hemifphere towards the weft.” "The La-
tin original being fomewhat barbarous

- and obfcure, it is here fubjoined. 4%

oriente enim cum magno fulgore furgens,

‘wfque ad medium hemi[pharii verfus oc-

cidentem, omnia perlucide pertrabebat.
¢ In the year 1401 ‘or 1402, the Sun be-
¢ ing got below the horizon, there ap-
- ' <, peared
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¢ pcaréd in the weft a bright and fhin-
ing Comet, fendingouta tail upwards

in form like a fpear, darting its rays
from weft to caft. When the Sun
was funk below the horizon, by the
luftre of its. own rays it enlightned
all the borders of the Earth, not per-
mitting the other Stars to thew their
light, or the fhades of night to darken
the air, becaufe its light exceeded that
of the others, and extended it felf to
the upper part of the heavens, fla-
¢ ming, ¢&c. 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

< .
‘A MR A A A A A R‘A A A @&

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 a quar-
ter every day. It rofe from the eaft,
and afcended to the fouth and weft to a
prodigious length. It was moft confpi-
cuous to the north, and its cloud (that
is its tail) was very terrible ; having,
according to the fancies of the vulgar,
the form of an arma little bent, holding
a fword of a vaft magnitude. In the

: year

in fplendour like a flame of fire, and -

10§
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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 wil of 2 Comet, whofe head
was yet concealed within the brightmefs
of the folar rays. On Nov. 24, and
from that time, the Comet it felf appeared
with a bright lighe, 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 7s deg. but with a light much
more faint and dilute than at the begin-
ning. In the year 1668, March s.
N. §. about feven in the evening P. Va-
Jent. Effancius being in Brafile, faw
a Comet near the horizon in the foudi-
weft. Its head was fmall, and fcarce
difcernible, but its tail exeremely bright
and refulgent, fo that 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 fituau-
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 Caffins at
Bologna faw it (Mar. 10, 11, 12.) ?iﬁng
rom
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from the horizon 32 deg. in length. In
Portugal it is faid to have taken up 2
fourth part of the heavens, (that is, 45
deg.) extending it {clf from weft to calt
with a notable brightmefss 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. . [%]

" To all thefe we may add the Comet
of 1680, whofe wonderful {plendour at
the conjun@ion of the head with the
Sun was above defcribed. But fo great
a fplendour 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 Suns nor do we read that fiery
beams have ever appeared there.

LasTLY, the fame thing is inferred
from the light of the heads in- p ,,g 10 550,
creafing in the recefs of the Co-  The fame proved
mets from the Earth towards from the light of
the Sun, and decreafing n their /s, 2= being
return from the Sun towatds when they come near.
the Earth. For fo the laft Co- o the Sun. .
met of the year 1665, (by the obferva-
tion of Hevelius) from the time that it
. . ' Wwas
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was firft feen, was always lofing of itsap-
parent motion, and therefore had alrea-
dy pafled 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 obfervation of the

fame Hevelius) about the end of Fuly,
when it firft appeared, moved at a very
flow rate, advancmg 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 §
degrees. And thereforein all this inter-
val of time the Comet was approaching
to the Earth. Which islikewife proved

from’ the diameter of its head meafured

with a micrometer. For Auguf? the 6th
Hewvelius found itonly 6/ s'" including
the coma ; which Sepz‘ember 2, heobfer-
ved o' 7" And therefore its head ap-
peared far lefs about the beginning than
towards the end of itsmotion, theugha-
bout the beginning, becaufe nearer tothe
Sun, it appeared far more lucid than to-

. wards the end, as the fame Hevelius

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
Earth. - 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
cearly, when yet nearerto the Sun. The
head of the former Comet, according to

the obfervations of Cyfatus, Dec. 1,

appeared greater than the Stars of the
firft magnitude; and Dec. 16, (being
then in its perigee) of a fmall magnitude,
and the fplendour or clearnefs was much

diminithed. ¥an. 7. Kepler being uncer-

tain about the head, left off obferving.
Dec. 12. the head of the lat Comet

was feen and obferved by Flamfeed 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{plendour 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. §an. 3, it appeared like a Star

of the fourth. Fam. 9, like a Star of the.

fifth.

109
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fifth.- Fan. 13, it difappeared by reafort
of the brightnefs of the Moon which was
then im i increafe. - Fam. 25, it was
fcarce equal to the Stars of the feventh
magnitude. If we take equal times on
cach hand of the perigee, the heads placed
at remote diftances would have fhined
equally beforeand after, becaufe of their
equal diftances from the Earth. That
in one eafe they fhined very bright, and

in the othe¢r vanifhed, is to be afcribed

to the mearnefs of the Sun in the firft
cafe, and his diftance in the other. And
from the great diffetence 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 s excepting in fo far as it is in-
creafed by their mmefs to the Sun.

F ro M thefe things I at laft difcover-

The fame con- €d Why the Comets frequentfo
firmed by the great much: the region of the Sun. If

number of Comets

feen in the region UIEY Were t0 be feen imv 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 &
tuation would be nearer to the Earth s
and the interpofition of the Sun would
: : . obfcure -
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obfcure 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 ncither emic
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 {phztical fpace, which is de-
fcribed about the Sun with fo fmall an
interval, lies on that fide of the Earth
which regards the Sun, andthe Comets
in that greater part are more fhrongly il-
luminated, as being for the moft
-nearer to the Sun. _ Befides, from the
remarkable eccentricity of their orbits
it comes to pafsthat their lower apfides
are much nearer to the Sun than if their
revolutions were performed in circles

‘concentric to the Sumn. ,

HEeNcE alfo we underftand why the

it

(%]

This alfo con-

heads are defcending towards iemed, by the grear-

: er magnitude and
;hnf'i Sun, alway's appeat @on fplcndoagr of the tails
and rare, and are feldom faidto ggerthe conjunéion
have exceeded 15 or 20deg. in of the:eads w;ith the
lerigth; but in the recefs of the Sun than before

I heads'
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heads from the Sun often fhinelikefiery
beams, and foon after reach to 40, so,
60, 70 deg.'in length, or more. This'
great {plendour and length of the tails-
arifes from the heat which the Sun com-
municates to the Comet as it paffes
near it. And thence I think it may be
concluded that all the Comets that have
‘had fuch tails have paffed very near the
Sun. ‘

r.362.t0 HENCE alfo we may colled that
%4+ the tails arife from the atmofpheres of
the heads. But we have had

That the wils 2 three feveral opinionsabout the
;‘hi,e?é?;hfcf,;"ﬁ; tails of Comets. 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-
fraGtion 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 1s 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 refle@ted from them, by the littde

B parti-
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~ particles of duft and fmoak which are
always flying about in the air. And
hence it is, that in air impregnated with
thick fmoak they appear with greater
brightnefs, and are more faintly and
more difficultly feen in a finer air. But
in the heavens, where there is no mat-
ter to reflet the light, they are not to
be feen atall. Light is not feen as it is
in the beams, but as it is thence reflet-
ed to our eyes. For vifion is not made
but by rays falling upon the eyes; and

therefore there muft be fome refleting

matter in thofe parts where the tails of
Comets are feen; and fo the argument
turns upon the third opinion. For that
refleting matter can be no where found
but in the place of the wil, 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 {plendour 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
refration. And the difin& tranfmiflion
of the light of the fixed Stars and Pla-
nets to us, is a demontftration that the
Ather or celeftial medium is not endow-

ed with any refrattive power. For as

- to what is alledged that the fixed Stars
-7 I ' bave

13
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have been fometimes feen by the Egyp-
tians, environed with a coma or capil-
litium, becaufe that has but rarely hap-
pened, it is rather to be afcribed to a
cafual refration of clouds, as well as
the radiation and {cintillation of thefix-
ed Stars to the refrattions 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
obje&-glafs 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
wranfmiflion of light through the hea-
vens without any fenfible refraion.
But to obviate an objection that may be
made from the appearing of no tail in
fuch Comets as fhine but with a faint
light, as if the fecondary rays were then
too weak to affet 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 an hundred fold, and yet
no tails are feen. That the light of the
Planetsis yet more 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 inﬂifht to the

1

Stars of the fecond magnitude, and yet
emitted a notable tail, extending to the
length of 40°, 509, 60°, or 700, and
upwards; and afterwards on the 27th
and 28th of Famuary, the head ap-
peared but asa Star of the 7th magni-
tude ; but the tail {as was faid abovc")I
with a light™that was fenfible enoug
though faint, was ftretched outto 6 or
7 dc-;rces in length, and with a languith-
ing light, that was more difficultly feen,
even to 12° and upwards. But on the
oth and 10th of February, when to the
naked eye the head appeared no more,
I faw through a telefcope,” the tail of
20 in length. But further, if the tail
was owing to the refra&tion 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 direGed to-
wards the fame parts. But the Come;

12 o

11§
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of the year 1680, December 284 8ih
P. M. at London was feen in Pifces
8o 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 8° 41’, with la-

[*]

titude north 28° 40, and the Sun as be-
fore in about Capricorn 180 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 4;
degrees, whereas in the- latter there
was (according to the o¢bfervation of
Tycho) a deviation of 21 degrees to-
wards the fouth. The refra&ion there-
fore of the heavens being thus difpro-
ved, it remains that the phznomena of
the tails of Comets muft be derived from
fome refleting matter. That vapours
fufficient to fill fuch immenfe fpaces
may arife from the Comets atmofpheres,
;nay be eafily underftood by what fol-
ows. : ,

1

It
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It is well known that the air near the ?- 366.

furface of our Earth pofleflesa fpacec about

1200 times greater than Water That the air and
of the fame weight. And there- vapour inthe celefti-
fore a cylindric column of air i’;“f}’ef&s,;:h; s and
1200 feet high, 'ifle of equal tl;at a fmall quantity
weight with a cylinder of wa- ' Yapourmaybelut
ter %f the famg breadth, and S,‘e“‘;‘hi’,,;’;l’e'?.? pr:
but one foot high. But a Cy_ the tails of Comets.
linder of air reaching to the' top of the
atmofphere is of equal weight with a
¢ylinder 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 10 32. And having this ratio, we

may compute the rarity of the air inall

places whatfoever (by the help of Cor.

Prop. 2. Book 11.) 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

of the computation I have fet down in

the following table, in the firft COlumI;_
‘ I3 ' o
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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
com;l:lrcﬁion 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 chara@ers are here ufed for cer-
tain numbers of cyphers, as o,xvii 1224
for 0,000000000000000001224, and
26956xv for 2695 6000000000000000.

AIR’S.
A\ ~N
Compreflion. Expanfion.
0|33 ’ 1
$|17,8515 1,8486
10| 9,6717 34151

20| 2,852 IT,571
40! 0,252%§ 136,83

Hight.

400
4000

400000
4000000
Infinite.

40000

O,Xxvil 1224
O,CV 4465
o,cxcli 1628
0,cCx 7895
o,ccxii 9878
0,ccxXii 6041

41798 ccvii

26956 xv
73907 cii
20263 clxxxix

33414 ccix
§4622 ccix

Bur from this table it appears that the
air, in proceeding upwards, is rarified in
foch manner, that a fphere of that air
which is neareft to the Earth, of but o::he

inch
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inch in diameter, if dilated with that

rarefattion which it would have at the
hight of one femidiameter of the Earth,
would fill all the planetary regions as far
as the fphere of Saturn, and a great way
beyond ; and at the hight of ten femi-
diameters of the Earth would fill up
more fpace than is contained in the
whole heavens on this fide the fixed Stars,
according to the preceding computation
‘of their diftance. And 51
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 Comests, is not
o vaftly rarified ; yet from this compu-
tation it is plain, that a very fmall quan-
tity of air and vapour is abundantly fuffi-
- cient to produce all theappearances 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.
I4 ~ KE®P-

ough by rea- -

I19

[%]
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P.360. K EP L E R afcribes the afcent of
- the tails of Comets to the at-

e whatmanner o ofpheres of their heads, and
may arife from the their diretion towards the parts
;‘e‘;‘(;’srph"“ of their oppofite to the Sun, to the a&i-
S . 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 Agther may yield to the aion of
the rays of the Sun’s light, though thofe
rays are not able fenfibly to move the
‘grofs 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

- jtisinwangled, The air rarified by heat
. o afcends,
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afcends, becaufe its fpecifick gravity is
‘diminithed, and in its afcent 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
a& any way upon the mediums which
they pervade, but by refle¢tion and re-
fraGtion. And thofe refle&ting particles
heated by this attion, heat the matter of
the Ather which.is involved with them.
That macter is .rarefied by the heat
which it acquires, and becaufe by this
rarefaltion the fpecifick gravity, with
‘which it tended towards the Sun before,
is diminithed, it will afcend therefrom
like a ftream, and carry along with it
the refle&ting particles of which the tail
of the Comet is compofeds the impulfe [%]
of the Sun’s light, as we have faid,
promoting the afcent.

Bu T that the tails of Comets do arife ».364.
from their heads and tend to- L
wards the parts oppofite £0 the 4o s fam s
Sun, is further confirmed from atmofpheres, proved
the laws which the tails ob- ffom feveral of theiz
 ferve. For lying in the plains * e '
of the Comets orbits which pafs through
the Sun, they conftantly deviate from
the oppofition of the Sun, towards the
parts which the Comets heads in their

progrefs
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progrefs along thofe orbits have left.
And to afpe&ator placed in thofe plains,
they appear in the parts dire@tly oppofite
to the Sun. But as the {peftator 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
approachés 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

ftreight, but the tails which deviate are .

likewife bended into a certain curvature.
And this curvature is gieater when the
deviation is greater 5 and is more fen-
fible when the tail ceteris {aribm 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 exaltly defined on the convex
than
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than on the concave fide. Upon which

accounts it. is plain that the phznomena
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 s and that therefore
the tails of the Comets do not proceed
from the refra&ion of the heavens, but
from their own heads, which furnifth
the matter that forms the tail. For as

in our air the fimoak of a heated body -

afcends either perpendicularly, if the body
is at reft, or obliquely, if the body is
moved obliquely 5 fo in the heavens,
where all the bodies gravitate towards
- the Sun, fimoak and vapour muft (as we
have already faid) afcend from the Sun,
and either rife perpendicularly .if the
fmoaking 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:
fmoaking 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
' 2 . fide

123



124 . OFTHE SYSTEM

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 refle® more light as well
as be better defined ; the vapour on the
_other fide languifhing by degrees and
[*] vanifhing out.of fight. ,

Bu T it is none of our prefent bufinefs

That Comets do [0 €XPlain the caufes of the ap-
fometimes defcend be- Pearances of nature. Let thofe
low the orbit of Mer- things which we have laft faid
s proved from pe true or falfe, we haveat 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 3 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 clongation of a Comet from

the Sun, and AT B the apparent length

of its tail. And becaufe the light is
propagated from the extremity of the tail

in the dire®tion 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,

G,

-_A<c

S

meeting the line TA in A, and the Co-
met’s 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 TA 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, ner 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. 12. was 9° and the length of its
tail 350 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, viz.
350 then SA will be to ST, that is, the

limit of the greateft poffible 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
le(s 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

.32%, and the length of its tail 700.

Wherefore as the fine of 320% to the

fine of 700, thatis, as4 to7, fo was the

limit of the Comet’s diftance from the
Sun to thé 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 5s° and the
length of its tail s6°. 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 gos
without the Earth’s orbit. But from its
parallax we find that its egrefs from the
orbit happened about 7an. s, as-well as

127 -

that it had defcended far within the or- -

bit of Mercury. Let us fuppofe it to

have been in its perihelion Dec. the 8th
when it was in conjunétion 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 ;5 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
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AND hence it follows that the Co-

That the Comets Mets, during the whole time of

;nl;vehiar: i;cgni:nf:,é{*oi: their appearance unto us, being

s n the center of Within the fphere of attivity of

the Sun, and by ra- the circum-folar force, and there-
dii drawn tothat cen- fore agitated by the impulfe of

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

times. Prop. 13. for the fame reafon

~ asthePlanets) be made to move in conic

fe&tions that have one focus in the center

of the Sun, and, by radii drawn to the

Sun, to defcribe area’s proportional to

[*1 the times. For that force is propagated

to an immenfe diftance, and will govern

the motions of bodies far beyond the

orbit of Saturn.

P.332. THERE are three hypothefes about

That thofe conic Comets. For fome will have

fections are near to j¢ thar they are generated and
arabola’s, proved N :

B the velocity of Perifh, as often as they ap-

the Comets. pear and vanifh 5 others, that

. they come from the regions of the fix-

ed Stars, and are feen by us in their

paffage through the fyftem of our Pla-

nets ;5 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

fe@ions of all forts 5 in the fecond they

L : 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 5 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 is 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 parabala 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. I examined the thing by infer- .

ring nearly the velocities from the di-
ftances, and the diftances both from the
parallaxes and the phznomena of the
tails, and never found the errours of
excefs or defe&t in the velocities greater
than what might have arofe from the

K errours
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errours in the diftances colle@ed after

that manner. But I likewife made ufe
of the reafoning that follows.

SuPPOSING ‘the radius of the orbis

_In what fpace of MAgNUS to be divided intq 1000
tme Comets cd:rf:yci- parts: Let the numbers in the
Gorics pafs thiongh Nt column of the following
the fphere of theor. table reprefent the diftance of
bis magaus. the vertex of the parabola from
the Sun’s center, exprefled by thofe

parts; and a Comet in the times ex-
prefled in Col. 2. will pafs from its pe-
rihelion 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 exprefled in Col.

3, 4,and s, it will double, triple, and
‘quadruple that its diftance from the

Sun. . : '

TABLE
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.TABLE I

131

The di-
ftance of
a Comet’s
erihelion
om the
Sun’s cen-
ter.

SN\

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

r
The rad.
of the or-
bis mag.

k. To its
_double.

To its
" triple,

To its
quadruple.

N

20
40
8o

160
320

640
1280

24560

27

27
27

28
29
30

33
37

37

d. b

16
21

o6

o1

13

o§
13

°9

L
I2

o7
oo

40
32
25

29
46

49

a.
77

77
78

78
79
82

86
93

10§

106

b.
16

23
o6

23
o4

10
23

o1

o6

1t

28

14
24

13
34
56

26
38

28

35

d. h |
142 17 14

.

[44 03 19

1§3 16 o8

200 o6 43

d.

221

297

147 22 31

300

219 17 30

232 13 20

h, N

o8 54

03 46

o6 o3

[ This table, here corre&ed, is made on the fu
tion that' the Earth’s diurnal motion is iufg
and the meafure of one minute loofely o,2909,

If thofe meafures

are taken true, thé true numbers of the table will

all come out lefs. But the difference; even when

in refpe& of the radius rooo.

K 2

pofi-
59's

§reatei’t,- and to the quadruple of the Earth’s diftance:
rom the Sun, amounts only to 165. 55'. ]

THE
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A . THE time of a- Comet’s in-
t what time Comets .
enter into and pafs grefs into the fphere of the or-
Qut °fbt_h= fphere of bis magnus, or of its egrefs
 fhe orbls magnis  from the fame may be inferred
nearly from its parallax, but with more
. _expedition by the following

TaszLe IL

. Its diftance from
The apparent | Its apparent diur- fthe Earth in parts,
elongation of | nal metion in its [ whereof the radius
a Comet from | own orbit, of the orbis mag-
the Sun. ’ nus contains 1000,
. : Dire&., Retrog.

60° 2° 18/ | 00® 20" 1000

65 2 33|00 35 845

70 2 55|00 47 684

72 3 o7|o1 o9 618

74 3 23|01 25 Iy

76 3 43)|o01 45 434

78 4 10|02 12 416

8o 4 §7 02 49 347

82 5 45|03 47 278

84 7 18|05 20 209 °

. 86 10 37108 19 140

88 18 37116 39 7aQ

g0 'Infinite | Infinite Qo
THE ingrefs of a Comet into the
fphere of the orbis magnus, or

With what velocity .
the Comets of 1680 105 egrcfs from the famc? h&pPCﬂS

_ Faﬂ'ed through the at ‘the tme of its clongatlon
“l::‘;:‘ of the orbis from the Sun, expreffed in Col.
, 1. againft its diurnal motion.

So
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So in the Comet of 1681, Fan.4. O. 5.
the apparent diurnal motion in its orbit
was about 3o s/ and the correfpond-
ing elongation 714°. And the Comet
bad acquired this clongation from the
Sun Fam. 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 794 happened

Now. 10, a litde 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
firft table is fitted to the Earth’s mean
diftance from, the Sun affumed of 1000
parts 5 and this diftance is greater by

fuch an excefs of fpace as the Earth -

might defcribe, 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. a4 10h after noon, the latter

Now. 10, about fix in the morning. But

from the tenour and progrefs of the

‘diurnal motions it appears that both Co-
mets were in conjun&ion with the Sun

between Dec. 7. and Dec. 8. And

K3 from
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from thence to Fan. 44 10h afternoon
on one fide, and o Nov. 10¢ 6b of
the morning on the other, there are
about 28 days. And fo many days
(by Table 1.) the motions in parabolic
trajectories do require.

Bur though we have hitherto con-
 fidered thofe Comets as two,
Thatthefe were not yet from the coincidence of
two, but one and ;, . T
T fame Comet. In their perihelions and agreement
what orbit and with of their velocities, it is proba-
E"E?JJ?:?:“LJ?JS ble, that in effe&t they were but
- through the heavens One and the fame. And if fo,
deferibed more ex- the orbit of this Comet muft
ik . have either been a parabola or
' at leaft a conic fe@tion very little differ-
ing from a parabola, and at its vertex
almoft in conta& with the furface of the
Sun: For by T4b. 2. the diftance of the
Comet from the Earth Nov. 10, was a-
bout 360 parts, and #an. 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 halt of which, viz. 140 1s an
ordinate to the Comet’s orbit, cutting
off a portion of its axe nearly equal to
the radius of the orbis magnus, thatisto
1000 parts. And therefore dividing the
fquare of the ordinate 140 by 1000 the

o fegment



'‘OF THE WORLD.,

fegment of the axe, we find the latus re-
&um 19,16, or in a round number 203
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 s parts in
Tab. 1. is 274 16" 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, viz. 55 84h in
the whole courfe of its motion within
~ that fphere: And foin fa& it did. For
from Npv. 10 6h of the morning,
the time of the Comet’s ingrefs into the
fphere of the orbis magnus, to Fan. 44
1oh after noon, the time of its egrefs
from the fame, there are 554 162, The
fmall difference of 73b in this rude
way of computing is to be negletted,
and perhaps may- arife from the Comet’s
motion being fome {fmall matter flower,
as it muft have been if the truc orbit

in which it was carried was an ellipfe.

The middle time between its ingrefs

and cgrefs 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. Halley

‘ K 4 (as

135



136 OF THE SYSTEM

(as we faid) faw the tail fhort and broad,

but very bright, rifing perpendicularly

from the horizon. From the pofition

of the tail, itis 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 conjun&ion with the

seemoreof Sun.  And the Comet, being at this

this famous 1ime between its perihelion and its con-

from Pag. junétion with the Sun, muft have been

34 6. inits perihelion a few hours before. For

Vol.1I. in fo near a diftance from the Sun it

Mach.  muft have been carried with great velo-

"R city, and have apparently defcribed al-
moft half a degree every hour.

By.like computations I find that the

| With what velocity Comet of 1618 entered the
Comets are carried, {phere of the orbis magnus De-
fhewed by more ex- cempber 7, towards Sun-fetting.
amples. But its Conjun&tion with the
Sun was Npv. 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 O¢Fo-

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&t 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 Sepz. 14. O S. and arrived
at its perihelion-diftance from the Sun

about Oéfober 19, 35 days intervening.

TIts perihelion-diftance fubtended an ap-
garent angle at the Earth of about 23
legrees, and was therefore of 390 parts.
And to this number of parts about 34
days correfpond in 74b. 1. Further,
* the Comet of 1665 entered the fphere of
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 T4b. 1. we
find 30 days. Again, the Comet of

1682 entered the fphere of the orbis .

‘magnus about Aug. 11, and arrived at
its perihelion about Sepz. 16, being then
diftant from the Sun by about 350
parts, to which, in 74b. 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 degrees in one
day, entered the fphere of the orbis

. magnui_l]an 21. about the time that it
" was pafling-by the pole, and haftening

Page 340.

from thence towards the Sun, was hid
under the Sun’s rays about the end of
February. Whence ’tis probable that
30 days or a few more were 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.

It appears then that the velocity of

The inveftigation COmets, fo far as it can be de-
of the trajeftory 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-



OF THE WORLD. -

PROBLEM

The relation betwixt the velo-

city of a Comet, and its di-

fRance jfrom the Sun's center
being given, the Comet's tra-
jectory is required.

IF this problem was refolved, we
fhould thence have a method of deter-
mining the trajeories of Comets to the
greateft accuracy. For if that relation
be twice affumed, and from thence the
trajeGtory be twice computed, and the
errour of each trajetory be found from

obfervations, the affumption may be

139

corre@ted by the Rule of Falfe, and a -

third trajeCtory may thence be found
that will exally agree with the obfer-
vations. And by determining the tra-
jectories 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 trajetory from
this motion. And thus the invention
of the trajeory, 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
1ven in pofition, %y .
i'ﬂairdrzibt line RP, mieh oms B -
jb_ as TR? may be a tilon' of the pro-
right angle, and, if ™™
another right line SP is
drawn to any given point S,
the - [olid comtained wunder
this line SP and the [quare
of the right line OR termi-
- mated at a given paint 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 7 of the right
line OR ere& the . perpendicular rp
meeting TP inp. Then through the
pojnts Sp draw the line Sq equal tw
L%l-i In like manner draw three or
mare right lines S2¢, S3¢, &c. And
a regular line. 42434 drawn through all
the points 92939, &c. will cut the -
. right
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right line TP in the point P, from
which the perpendlcular PR is to be
lec fall. QE.F

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

M?*xN
SBP as well as the errour—(ﬁ—-—SP.

Let this errour, fuppofe D, be to a new
errour, fuppofe E, as the errour 2p24
+ 3p39 to the errour 2p3p; or as thc
errour 2p2g +D to the errour 2pP 5
and this new errour added to or fub-
ducted from the length TP will give the
correct length TP + E.  The infpecion -
of the ﬁgure will Thew. whether we are
to
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t add or to fubtra®. And if at any

time there fhould be ufe for a further
correftion, the operation may be re-
peated.

By arithmetic thus. Let us fuppofe

the thing done, and let TP 4 ¢ be
the corre&t length of the right line
TP as found out by delineation; and

_thence the corre lengths of the lines

OR, BPand SP will be OR — -TT%-e,
BP 4 o ‘and v/SP* + 2 BPe + e¢
- M’N
OK™ & 20K + IR |, IR
: ¢t T

Whence by the mcthod of convcrgma |

| erles,we have SP - bPe+ -—ﬁ e e, &rC.
_M'N  2TR M'N 3TR’
= oK ¥ TP X oR ¢ T 17 X
M’N
oRF &rc. For the gwcn co-eﬂicxents
M*’N SPZTR, M’N BD, 3TR
OR® — > 71p *OR° bP TP X
M’N SB* ttine F F d
OR* — 25P°° putting F, GH’ an
,carefully obfcrvmg the figns, we find

F 4 Ge+ GHee...o, ande+—-_—-G
v Whence
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Whence, negle@ting the very fmall

term fI:I.’ e comes out equal to — G.

2

e* . ) _
If the errour —, is not defpicable,

H

%

take\._.fG"— q=¢

. Andit 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 affeGted equations,
which hitherto have been in ufe.

LEMMA IL

To cut three right lines given
in pofition by a4 jfourth right
line that [ball pafs through
a point affigned in any of the

. three, and fo as its inter-
cepted parts fball be in a
grven 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 ;5 and FD will be to DE as
FG to BG. Q.E.F. :

By trigonometry thus. In the trian-
gle CGD, all the angles and the fide CD
are given, and from thence its remain-
ing fides are found 5 and from the given
ratio’s, the lines GF and BE are alfo
given. | A_ o

"LEMMA IIL
-To find and reprefent by a
~ linear defcription the hourly

motion of a Comet to any

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
L obfer-"
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obfervation TR. By Lem. II. 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

P P B

B
Df- g
B
A RS
(5]
B
T

equal motion, and to be in the mean
time viewed from the place T, the ap-
parent motion of that body about the
point R, will be nearly the fame with
that of the Comet at the time of the

- obfervadgion ER.

The fame more accurately.

Let Ta, Th be two longitudes given
at a greater diftance on one fide and on

‘the other ;5 and by Lem. 1. draw the .

right line 4R & fo as its intercepted parts

the
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the obfervations 4TR, RT4. Sup-
pofe this to cut the lines TA, TB in D
and E. And becaufe the errour of the
‘inclination TR« 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 4TB to the
whole time between the obfervations
ATB, and ufe the line thus found FG
in place of the line AB found above.

It will be convenient that the angles
ATR, RTB, 4TA, BTé be-no lefs
than of ten or fifreen degroes, 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 1IV..

To find the longitudes of a Co-

met to any grven fzmes.

It is done by taking, in the line FG,
the diftances Rr, Rp proportional to
the times, and drawing the lines Tr,
Tp. The way of working by trigono-
metry is manifeft.

L2 LEM.
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LEMMA V.

To find the latitudes.

'On TF, TR, TG, as radius’, at right
angles ere® Ff, RP, Gg tangents of
the obferved latitudes s and parallel to
fg draw PH. The perpendiculars 7p,

. pw, meeting PH, will be the tangents of
the fought latitudes to Tr and Tp as
radius’s. ’

PROBLEM. I

) - . .
 From the afjumed ratio of the
The problem velocily to determine the

refolved. trajectory of a Comet.

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

diftances, p,P,= as many correfponding
places of the Comet in its trajectory, fo
as the diftances interpofed betwixt place
. ' and
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and place may anfwer to the motion of
one hour; pr, PR, wp, perpendiculars
let fall on the plain of the ecliptic, and
rRe the veftige of the trajeftory in
this plain. Join Sp, SP, S=, SR, ST,
tr, TR, 7p, TP ; and let #r, vp meet
in O, TR will nearly converge to the
fame point O, or the errour will be in-
confiderable. By the premifed lemma’s,
the angles OR, ROp are given, as
well as the ratio’s pr to zr, PR to TR,

and @wp to Tp- The ﬁgure tT7z0 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 Comer, 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 Vo 1,
and we fhall have a line pP= to be de-
termined, of this condition, that the
fpace par, defcribed by the Comet in
two hours, may be to the fpace VX z7
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 pP,

defcribed by the Comet in the firft hour,
may be to the fpace P= defcribed by the

Comet in the fecond hour, as the velo-
: city

. 149
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city in p, to the velocity in P, thatls,
in the fubduplicate ratio of the diftance
SP to the diftance Sp, or in the ratio
of 2Sp, o SP 4 Sp.  For in this whole
work 1 negle® fmall fractions that can
produce no fenfible errour.

In the firft place then, as mathema-
ticians in the refolution of affeted equa-
tions, arc wont, for the firft eflay, to
afflume the root by conjefture, fo, in
this analytical operation, I judge of the
fought diftance TR, as I beft can by
conjeGure. Then by Lem. 1I. I draw
rp, firft fuppofing rR equal to Rp, and
again (after .the ratio of SP to Sp is
difcovered) fo as 7R may be o Rp, as
2SP to SP 4- Sp, and ] find the ratio’s
of the lines pwr, rp and OR one to the
other. Let M be to VX171 as OR to
pw ;s and becaufe the fquare of. par is
to the fquare of V X #7, as ST to SP,
we ‘fhall have ex £quo 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 now 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

o2 ' the
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the pofition of the lines rp, por Wwith
the greateft accuracy, together with the
nodes anid inclination of the phin
" tg the plain of the ecliptic; and in
plain Spe, 1 defcribe the tra;c&ory in

which a body let go from the place P in

the direGtion of the given right line ol

would be carried with a velocity that is

. to the velocity of the Earth, aspa- to
Vx#r. Q.EF

PROBLEM IL

To corre@ the affumed ratio
of the velocity and the tra-
Jeilary 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 phin Spw, as well as
the Comet’s place in its trajeCtory to

the time of the obfervation. If that in--

‘terfetion happens in this place; it is a
proof that the trajeGtory was right de-
termined. If otherwife, - 2 new number
V is to be aflumed, and a new trajeCtory
to be found, and then the place of the
Comet in this trajectory to the tunphof

that

'xst-v
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that probatory obfervation, and the in--
terfetion, 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, fo as the

- errour may become as fmall as poffible.

And by means of thefe corrections we
may have the trajeCtory exaitly, pro-
viding the obfervations, .upon which the
computation was founded, were exa&,
and that we did not err much in the af-
fumption of the quantity V5 for if we
did, the operation is to be repeated till
the trajeGtory is exa@ly enough deter-
mined. Q.E.F.

FINISG
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