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Moft Noble and Right Honourable

do b0 M. - A
Lord PARKER,

Baron of Macclesfield,

Lord Hicu CHANCELLOR
of Great Britain, &c.

% F whilt Your Lordfhip’s
¢ Hours are taken up with an
g8 Employment of the great-

eft Fatigue as well as the

higheft Honour, there can be any
Time allowed for Recreation, your

a2 Lord-




w_DEDICATION.

Lordfhip makes that your Diverfion,
which few can attain to without pain-
ful Application and laborious Study.,
To become a skilful Mathematician
and a found Philofopher, and at the
fame Tume fhine in other Parts of
Learning, requires a great and exten-
five Genius : But to lead a Life of Bu-
finefs, and be eminent in the Law,
where Reputation is only got by con-
ftant Practice, as well as Brightnefs of
Parts ; and yet, in thofe few Minutes
of Leifure that are allowed to breathe
10, and are, asit were, ftolen from Sleep,
to play with all the Intricacies of
Lines and Numbers, to view and yn-
derftand the Syftem of the World,
the Proportion, Symmetry, and Har-
mony of its feveral Parts; to be ac-
quainted with all the Experiments of
Confequence that have been made,
and be able to contrive new ones
as ufeful as inftru@ive ; was only re-

| ferved
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ferved to Men of uncommon Capaci-
ties, and to none in fo eminent a De-
gree as to your Lordfhip.

Tue Honour I have had of being
admitted into your Lordfhip's Con-
verfation, has given me an Opportu-
nity to know which of the Mathema-
tical Sciences are chiefly lik’'d by you:
And as A/tronomy and Optics feem to
have the Preference, I thought this
Tranflation of Dr, 'sGRAVESANDE'S
Second Volume would not be unac-
ceptable,

HerE you have the Principles
of the common Optics reduced into a
{mall Compafs, and confirmed by new
Experiments of the Author’s own In-
vention : A fine Application of the Ac-
tion of Eletric Bodies to difcover the
Nature of Fire: And Sir [saac New-
ToN's Do&rine of Lighs and Colonrs

a3 proved
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proved by the moft confiderable of his
Experiments, which Dr. ’s Grave[ande
performs with an Apparatus very
ingenioufly contrived, and nicely ex-
prefled by curious Figures. The laft
Part of this Volume not only leads a
Beginner gradually on from the moft
fimple to underftand the moft difficult
Phenomena of Aftronomy ; but gives
fuch a phyfical Account of the Celefti-
al Motions as muft be fully fatisfac-
tory to the beft Geometricians, There
your Lordfhip will fee with Pleafure,
that there are Profeflors abroad wha
underftand the PriNc1P14; and
have fo juft a Value for that excellent
Book, as to teke Pains to propa-

gate the wonderful Truths which it
demonftrates, fo as to make them

plain to fuch Philofophers as are not
yet able to go through all the difficult
Propofitions from whence they are
deduced. But I will detain your Lord-
fhip
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thip no longer, either from the im-
portant Bufinefs of your Station, or
the pleafing Truths of the Author,

than while T beg Leave to fubfcribe
myfelf,

My LORD,
Your Lovdfbip's

Mo/t Obliged,
Mo/t Obedient, and
Mof? Humble Servant,

‘- T. DESAGULIERS,
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The AUTHOR’s

ERCER AC

8 Spoke of the Method of Reafoning te

L be ufed in Natural Philofophy, in
the firft Chapter of the firft Volnine,
and in the Preface endeavoured to
vindicate the Gooduefs of the Me-
thod Ibave followed. There are fe=
_ sl weral remarkable Specimens of this
ethod in the prefent Volume, which evidently [bew
SirIsaac NEwToN’s great Superiority of Genius
above all other Pbilofophers.

End i

RIS S

Before him, Naturalifts were in the Dark in nunt=
berle(s Things relating to Light, aund efpecially to Cos
lours. For Inflance, whoever [ufpeifed before, that.
tbe Opacity of Bodics depended upon their Interfiices,
fo that a Body becomes tranfparent, when thefe In-
terfiices ave filled with a Medium of the fame Denfity
as the Particles of the Body itfelf.

His
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His Account of the Planetary Syfem, and particu-
larly of the Motion of the Moon, is mot lefs worthy
of eternal Praifes, being likely to carry Afironomy to
a greater Pitch of Perfeition than the nicefp Obferva=
tions alone could poffibly do. For if a Manis acquaint-"
ed with the Laws that govern the Syffem of the World,
be will be able to make abetter Ufe of bis Obfervations,
aud to compute the Motions of the beavenly Bodies
more exaitly thau if be bad mothing but Obfervations
2o direlt bii.

It was wy Defign in thefe two Books, to give my
Reader a general Notion of the chief Thingsdifcovered
by Sir 1saac NewronN iu Natural Philofophy, and
thereby to enconrage him to the Stady of the wmore ab-
firufe, and, at tie fame Time, more (ublime Parts of
Mathematics, after be bas learned the firft Principles
of Geometry, to fit bim for the reading of thefe plain
Elements. He will, as it were, go to the Fountain
Head, when Le reads the Writings of our great Philo-
fopher, which will veveal fuch Things to bim, as weve
aiknown to the profonndeft Philofophers lefure bim
aud which, though publified, are }ill a Secret to ali
but thorough Mathematicians.

I bawe only a few Words more to [ay to the Engliff
Readery concerning the twe Eugh:fh Tranflations of
“this Bork,. ;

As tedions and difafieful as an Author’s Complaints
geneyally prove, ibey cannoty bowevery be difaliowe: A
when they are uroanded wpon (uch an injury done to
the Author, as it is bis Reader's Interef to be in=
fornied of.

Soor after the Publication of the firfk Volume of thefe
Elemcnts, 72 was tranfiated into Englithy and priv-
ed



The PREF A CE. Xj

ed in London, with the Name of a Celebrated Profe/-
for of Mathematics, eminent for bis Writings, in-
[eribed on the Title Page, as if be bad looked over
and correfled this Tranflation. But whoever exa-
mines ony one Page in the Book, will immediately
difcover the Wrong done to that Learned Gentlemarn,
and the Abufe made of bis Name ; fince be will eve-
ry where perceive manifeft Signs of the Tranflator’s
Ignorance of the very Principles of Phyfics and Ma-
thematics, not fo mention bis Negligence with regard
to the correiling of the Additions at the End of the
Booky to the Numbers in the Margin, and the Di-
frinition of the Propofitions.

Dr. DesaGcULIERS, Whofe Knowledge of Phi-
lofophy, and Skill in making Experiments, are (o
well known, began to trauflate the fame Work about
the fame Tiine as the other, or rather befove. But
this obliging bim to make more than ordinary Hafle,
be could not biwm[elf wholly avoid the ufual Confequein~
ges of too wnch Precipitation, &ec.
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Mathematical ELEMENTS

OF
Natural Philofophy,
Confirm’d by

EXPERIMENTS.

Vor II. Boox IIL
Pare I Cmﬁeméﬂg FIRE.

CHAZP I
Of the Properties of Fire in generdl,

TN HO we know feveral Properties
| of Fire, yet we areignorant of a
great many thingsrelating to it.
I fhall not invent Hypothelcs,
but reafon from Experiments,
' = and leave untouched what is
not fully known.
Fireeafily penetrates thro’ all Bodies, howezer denfe
and bard they are. For wehave never yerknown
Vor. 1I, B — any

Y44




Mathematical E lemeﬂt.r' Book I11.

any Body, that by the Application of Fire has
not been heated in all its Points 5 that is, in
every Part.
§45  Fire moves very [fwiftly, as appears from Aftro-
nomical Obfervations.
746  Fire unites i;’_/&:’f’j fo Bodies 5 for when they are
brought ro the Fire, they grow hot, as we faid
4= before 5 and in that Cafe they expand or fuwell :
" Which Expanfion is alfo obferved in fuch Bodies,
748 whole Parts do not cohere, in which Cafe rby_)-
" alfo acquire a great Degree of Elaflicity, as is
obferved in Air and Vapours.
v49  ‘That Lire is attratled by Bodies at a ceriain Di-
 flaucee from them, will be fhewn in the following
# 611 Part of this Book. *

If any Bodies are violently moved againft one
another, they will grow hot by {uch a Friétion,
and that to a great Degree ; which fhews that

svo all Bodics contasn Five in them o for, by rubbing,
"’ Fire may be put in Motion, and feparated from
Body, but canby nomeansbe generated that way.

Having laid down thefe general Heads, we

muft examing {everal Things more particularly.

CHAP IL

That Fire adberers to Bodies, and is con=
tain'd in them; where we [hall alfo
Jpeak of Eletiricity.

S we have already faid, one may prove

that Fire is contain’d in all Bodies, be-

caufe there are no Bodies but what may be heat-

# coo €d by Attrition; * and that it coheres firmly with
~ the Parts of Bodies, appears in Smoke and Va-
pours : for Smoke and Vapours are made up of
Parts feparated from Bodies, and agitated (fome-

% fimes
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times very violently) by the Fire that is join'd
with them.

There are, befides, feveral remarkable Phe-
nomena arifing from Fire, contained in Bodies,
fome of which wethall here mention; amongft
which, there are fuch as relate very much o
Electricity, for which Reafon, we muft alfotreat
of the Phznomena of Eleétriciry.

DeriniTION,
Electricity is that Property of Bodies, by which 551
(when they are heated by dttrition) they attracl,
and zepel lighter Bodies at a fenfible Diffance.

Experiment 1.] Take two Pieces of Rock Ty
Cryflal and rub them together, and immediately
they will appear luminous all over, tho’ they do
not acquire any fenfible Heat by that Attrition.
Light (as well as Hear) is a Proof that there is
Fircin a Body. The greateft Light is in thofe
Points, where the Bodies touch one another.

Experiment 2.] Take a Glafs Tube 1y or 18 513
Inches long, -and one Inch in Diameter, andrub
it with 2 Linnea or Woollen Cloth, and it will
emit Light in the Dark.

Experiment 3. Plate 1. Fig.1.] This Tube, 714
heated by rubbing, hasavery fenfible Eleétricity ;
for if light Bodies, fuch as Pieces of leaf Gold,
and Soot, be laid upon a Plane, and the Tube
be brought near them, they will be put in Mo-
tion, attrafted, repelled, and driven feveral Ways
by the Tube, The Tube aéts ac different Di-
ftances, according to thedifferent State of the Air :
fometimes ar the Diftance of one Foot 5 when
the Air is full of Vapours the Effect is dimi-
nifhed,

B2 There
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There is one Thmg remarkabie, and very hard
to explain in this Experiment, concerning the
Direction of the Attrition 3 when you rub the
Tubr:, one End of it ihshe]d in one Hand, whilft
it is rubb’d with the other; which, it ir bcdonc
from the Hand that holds towardsthe other End
of the Tube, the Effeé& will not befenfible; but
if you rub from the free End of the Tube to-
wards the End held in the Hand, the contrary
will happen. And this happens indifferently,
whethér you hold the open or the thut End of
the Tube in your Hand.

Inthe following Experiments (Plare 1. Fig. 2.)
Glafs Globes are {wiftly whirl’'d about ; toper-
form whicl hy there muit be a cylindric Neck at

each End of every Globe; but only one of thefe
Necks is to be open, and both are to have Brafs
Feirels, fuch as are reprefented atG; a Cock E
muft beferew’donto the Ferrelat theopen Neck,
and the oppomc Brals Ferrel muft have a little
W hm |7 of a_mu an Inch and a half Diameter,
join'd to it, \\P]f 2 {mall Brafs Axis ftanding out ;
There is juft fuch another Piece of Br afs ferew’d
on to the Cock, {o that it may be taken on and’
off at Pleafure. . Thefe . Axes go about a Quat-

ter of an Inch into the Pillars 8 S, that fapport
the Globe, and are Centers for it to whirl upon

when it turns about its Axis.

The Pillars 8§ S ftand upon a ftrong horizontal
Board of about an Inchand a half thick, framed
into thi'cf‘ other Boardsy as may be feen-in the
Figure In that which {tands foreright, there is
an H“EC f that you way come az the lower Part
of the Pillar, to make it faft witha Nutor Screw.
T he other leu S is likewife faften’d bya Screw
applied under the horizontal Board, :Lnd moved
forwards qmi backwardsin a-Slit 0F4 or § Inches
long, before it be made faft, in order to takethe

1 Glals
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Glafs Globes in and outy and to rake in fuch as
are larger or fmaller than others, according to
the different Experiments to be made.

Thereisagreat Wheel R which isturn’d round
by means of the Handle M, and thereby gives a
very fwift whirling Motion to the Globe G.

In the Side of the upperBoard, there isaSlit,
along which the Pully # may be moved, by means
of the Screw ¢, 1n order to keep flretch’d the
Rope that goes round the Wheels R and .

Experiment 4 & y. Plate 11. Figz.1.] Apply a 557
Glafs Globe of about 8 or o Inches Diameter,
to the Machine above-mention’d, and let it be
briskly whitl’d in a dark Place, the Hand allthe
while being held againit it, to give it Attrition.

If the Globe be exhaufted of its Airy it will
appear all luminous within, but moftly {owhere
the Hand touches the Glafs. i

But if the Globe has Air in it, and being
whirl'd in the fame Manner, the Hand be ap-
plied to it, no Light appears, either intheinner
or outer Surface of the Glafs ; but Bodies at a
tmall Diftance from the Glafs (as for Example,
at 'a Quarter of an Inch, or nearer) become Jumi-
nous 3 aud {o only thole Parts of the Hand held
againft the Glafs, which terminare, or rather
environ the Parts that immediately touch the
Globe, are laminous.

=
—y
o

Experiment 6: Platel. Fig.2.] Takethe Globegrp
made ule of in the foregoing Experiments, and
put it in between the Pillars, to whirl itas be-
tore: Then takea Bras Wire 2.4 4, circularly
bentinthe upper Pare, and fix it fo that itscurve
Parc may be: about 4 Inches off of the Globe,
with fmali 'Threads hanging from it, which be-
g extended rowards the Center of the Globe

B 3 come
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come within a quarter of an Inch of the Surface
of the Globe.

Whirl the Globe and apply the Hand, and
immediately the Threads will be moved irregu-
larly by the Agitation of the Air; but when the
Glafs is heated by the Attiition, all the Threads
are dirc@ed towards the Center of the Globe, as
may be feen in the Figare : And if theHand be
applied a little on one Side, or nearer the Pole
of the Globe, the Threads will be direted to-
wards that Point of the Axis which is under the
Hand.

If the Air be drawn out of the Globe, this
whole Effe& ceafes.

Experiment 7. Plate 1. Fig. 3.] Take another
Globe like the former ; only differing in this,
that the open'd Neck muft have alarger Opening
than that of the Globe G, fo that you may put
into it a round flat Piece of Wood o, that has a
Brals Wire for its Axis. Inorder to fix this
Piece of Wood in the Middle of the Globe, its
Axis muft be firmly fcrew’d to the Middle of
the Cover that is join’d to the open Neck of the
Globe at 7 and the Cock E is alfo join’d tothe
Middle of the Cover on the outfide.

To the wooden Circle fmall Threads are fa-
ften’d, which, being extended, almoft touch
the inner Surface of the Globe.

Turnthe great Wheelfoas to whirl the Globe,
and rub it till it becomes warm, as was done
in the former Experiments ; if you ceafe to
whirl the Globe, and the Hand be taken off,
the Threads will immediately ftretch themfelves
out like Radii from the Center towards the Sur-
face of the Globe, yet they hardly remain one
Moment at reft 3 for tho the Globe be exaétly
fhut, thefe Threads will be put in Motion, as
appears
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appears by blowing againft the Globe, tho you
ftand two Foot off; or farther, from the Globe.
If you bring your Finger towards the Globe;
tho you do not touch it, the Threads next to it
will be attracted by the Finger, and direéted to-
wards it 5 nay, and fometimes they fly from it.
If you apply the wholé Hand to the Globe, the
Threads will be mov’d violently and irregularly.
And if all the Air be drawn our, as in the
foregoing Experiment, the whole Effett ceafes
and the Threads (both before and after the
Friction) only hang down by their Gravity.
It we attend toall the foregoing Experiments,
the following Conclufions feem to be naturally
deduced from them, which we do not give out
as certain, but very probable ; for we muft al-
ways diftinguifh Certainty from Probability.
That Qlafs contains in ity and has, chont ifs Sar
Jace, a certain Atmofphere, which is excited by Fri-
ction, * and put into a vibratory Motion for irat-

tracts and repelslight Bodies ; *the fimalleft Parts

of the Glafs are agitated by the Attrition, and by

reafon of their Elafticity, theit Motion is vibra-
tory, which is communicated to the Atmofphere
above-mention’d; and therefore that Atmofphere
cxerts its Action the Yarther, the greater Agita-
tion the Parts of the Glafs receive whena greater
Attrition is given to the Glafs.

The Firey, contained in the Glaft, is éxpell'd by
the Aition of this Atmofpherey at leaft it is mov’d
with it.  For when ]i-ght Bodies are put in Mo-

tion at a Diftance from the Glafs the Bodies alfo #

beeome lucid at a Diftance. *

It is plain, that #his Jemofphere and Fire ismore
eafily mov'd in a Place woid of Air : For if the
Globe be exhaufted of its Air, there can be per-
ceiv’d no Light, nor any Effe& of Ele&tricity on

7

f62

the outfide of the Globe *, butthe infide of the » 5573
B 4 : Globe s60.




Mathematical Elements  Book [1L
Globe appears very luminous, and this Fire is
perceiv’d to be in greater Quantity in this Ex-
periment, than in that immediately after men-

* 558 tion'd *,

But the A&ion of the Eleétricity does alfo

* 562 ceale on the Infide when the Air is drawn out®,

which feems to overthrow what we faid of the
more caly Motion of the Atmolphere of Glafs
in Pacuo: Butyetit is not probable that itfhou'd
move no whither in this Cafe. On the contrary,
it feems to go the fame Way as the Fire, and
to move that way where there is the leaft Refi-
{tance; and that the ceafing of the Aétion of E-
leétricity is to be attributed to the Wantof Air,

66 by means of which, tbe Threads are moved by the

: ) S ) )

r 205 Atiaofphere ; aswefhall hereafterfhew *; and the
°7 Fire, which freely penetrates all Bodies, acts

upon them violently &y weans of the dir or Va-
DOUr. :

But laying afide Conjeftures, tho they have
a great many Experiments for their Foundation,
Jet us rezurn to other Things relating to Fire; as
feveral Experiments are to be made in Facuo, we
muft deferibe the following Machine contriv’d to
oive Attrition to Bodies in Facuo.

§67  Plase 1. Fig.2.] Ler M be the Air-Pamp de-
* 437 {crib’d before *, L L the Brafs Plate of the Pump

- on which the Glafs Receivers are fet 5 on each
Side of thePlate there is a wooden Pillar, A D,
A D, which Pillars ftand on the Board thatcar-
ries the Air-Pump Plate, having their Bafeupon
it, and a Part below the Bafe, and going thro’
the Board with an Hole in 1ty to receive two
crofs Pieces of Wood or Wedges, that make
them fait during the Esperiment, but {o thatthe
faid Pillars may be taken away afterwards.

The Glafe Receiver, in which the Experiments
are to be made, is about 9 Inches high, and 6
in
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in Diameter, with a Cover * that has annex’dto * 440
it 2 Box or Collar full of oil’d Leathers thro®
which a Brafs Axis pafles ;. and left. in the
whirling round of the Axis the lower End thou'd
move, -Part of the Box is made {quare, fo as ex-
actly to fit a fquare Hole  in:the Horizontal
Board E E that prefles on the Cover, and is
made faft by bringing down the Nuts or Screws

B B at each End, -without bearing upon the
Shoulders of the Pillars.

Towards the upper Part of the Pillars, thercis
a marrower horizontal Board FF prefs’d down
alfo and faftened with Nuts, which has fix’dto
it, on the under Side, a Piece of Brafs g, with an
Hole in it for the upper End of the above-men-
tioned Axis toturn in, whilft the biggeft Partof
this Axis, being in the middle of the Glafs, has
an outfide Screw upon ir, with the two Wing-
Nuts d, d, moveable upon it, in order to faften
feveral Bodies upon the Axis.

Thelower End of the Axisturnsin the Holec.
The Brafls Spring f f is joined to the Piece ¢,
which fcrews it down to the Air-Pump Plate at
the Hole wherc the Air is drawn out; butthere
muft always be made a fmall Hole or Paffage in
the Picce ¢, for the Air to be drawn out at.

Having exhaufted the Receiver, the Axis
above-mentioned (by reafon of the oiled Leathers
in the Collar ) may be turned round. without
admitting any Air ; butto giveita quick Mo-
tion, there is a little Brafs Wheel 7 of about 2
Inches Diameter, with Points in its Groove, that
the Rope, that turns it round, may not flip.

The great Wheel R, of about 3 Foot Dia-
meter with its Frame, is brought up clofe to the
Air-Pump, and made faft roits Foot bya Screw.

: TheRope, that goes about theleffer Wheel s,
15 brought down oger Pullies obliquely placed
in
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in the tpper Pait of the Pillars C, C, and being
over them, comes down to the great Wheel
swhiich it goes round; fo thatby turningthe ver-
tical Wheel R the Brafs Axis, above defcribed,
is catried round very fwiftly, whereby a Motion
is communicated to Bodies in Pacuo for feveral
Experiments.

Esperiment 8.] Take a Glals Globe of three
Inches Diameter, or of two Inches and a half
Diametet; with an Hole on each Side, where it
may allo have cylindric Necks. The Axis above-
mention’d muft go thro’ thofe Holes, inorderto
give the Globe a whirling Motion; Pieces of
Cork fuft be put on cach Side of the Globe to
cover its Holes, and made faft with the Nuts 4,
d, in the Manner that they appear in the Figure,
to hold faft together the Platesor little W heels,
thro’ which the Axis goes.

ThisGlobe, thus fix’d, will be {wiftly moy’d
in Pacuo with its Axis, By turning the WheelR :
To caufe Attrition, a Picce of Woollen Cloth
mutft be tied on to each Side of the Brafs Spring
f, f» which by its Elafticity prefles the Globe
hard on each Side.

Making the Experimentin the dark, the Globe
will appear luminous; and if the Motion be con-
tinued till the Globe grows hot by the Attrition,
the Light will indeed be increafed, bur will
appear fix'd in the Places where the Attrition is
made.

It follows from that Experiment, thatzhe Fire,
contained in Glafsy does not want Air to make it
wifibley for it grows hot, and {hines when both
the internal and external Air are taken out.

Experiment 9.] Take a round Piece of Wood
of 2, or 2 & Inches Diameter, and about £ an

Inch
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Inch thick, and let it have feveral Hollows cut
in its Edge, that it may be encompafs’d round
with Beads of Plaifter, which may be made faft
to it with Threads going thro’ them. Let this
Picce of Wood, thus prepar’d, be made faft upor
the Axis dbove-mention’d, in the fame Mahnet
as the little Globe had been faften’d 3 then give
Attrition in Pacus, as in that Experimient, and
Light will be thereby produced in the dark.

Experiment ¥0.] That Quickfilver contains
Fire is plain, from Experiments made upon it,
in¥acuo.  For if Mercury well clean’d befhak’d
about in an exhaufted Glafs, it will appear lumi-
nous.

If you put Mercury into a Glafs Globe, the
Globe may be whirl’d round, as in the former
Experiments, which will be delightful to fee, if
the Glafs be ‘mov’d flowly. 1f Mercury has no
Tin mix’d with it, it may be clean’d with boil-
ing het Vinegar.

The Globe, that has the Mercury in it, may
be exhaufted by ferewing on to it 4 Pipe about
2 Foot long, the lower End of which muft be
ferew’d on to the Hole in the Middle of the
Plate of the Air-Pamp.

Then, if you cover both that Hole and the
Hole thro’ which the Air is drawn out with one
of the Receivers above-mention’d, the Air will
be eafily drawn out of the Globe.

Piate 1. Fig. 4.1 Take a Plate O, and hav-
ing ferew’d on to it the Pipe EE, whole
other End is ferew’d to the Air-Pump, put
the Glafs Receiver R upon it, and pump out
the Air from it. The Pipe, thro’ which the
Air is drawn out, muft {tand up beyond the Plate
in the Receiver about 4 or ¢ Inches, be bent,
and have a fmall Hole in it 3 which muft be ta-

ken
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ken care of, for fedr any Mercury fhou’d get in-
to the Air-Pmp.

The middle of this Plate, has a Brafs PipeB;
whofe lower End, that is without an Hole,
comes down almoit to the Bottom of the Veflel
V, that contains very clean Mercury : Thereis
an Hole in the Side of the Pipe, exadtly thut by
the Pin A. The upper End of this Pipe has a
very {mall Hole in it, and comes up thro’ the
Plate into the Receiver. ;

The Height of the Receiver R is about 16
Inches, and its Diameter 4 Inches; pump the
Air out of it, and then open the Hole in the
Side of the Pipe B, and the Mercury by the
Preflure of the external Air will go up to the
Tube, and will fpout very firongly into the Re-
ceiver, {triking again{t the Top of it.

The Experiment muft be made in a dark
Place, and the Mercury will appear luminous.

Experiment 11.] Chymifts make a certain Pre-
paration of Urine, which they call Pbo/phorus of
Urine 35 which muft be kept in Water. 1f itbe
roll'd up into fmall cylindrical Picces like aPen-
cil, and you write with it upon a Paper, when
you hold the Paper in 2 dark Place, you will fee
Letters of Fire.. The Phofphorus itfelf, when
you take it out of the Water, will grow hot
and fmoke ; all which fhews that the Pho/pho-
rus contains a great deal of Fire.

In this Experiment, we may obferve that Water
afts wpon the Fire contain’d in the Phofphorus; for
it keeps if iny fo that it cannot get out fo long as
the Phofphorus is cover’d with Water; but as
{oon as the Water is taken away, the Heat and
Smoke immediately fhew that the Tire iffues
out of the Phofphorus. Zhe Lirallo dees, in fome
meafire, keep in the Fire contain’d in bot Water s
that
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that is, hinders it from going out of it fo faft as
it will do in Pacao.

Experiment 12.] Take two Veflels that are e-
qual and alike, and put an equal Quantity of
boiling Water into each of them. Let one of
them be fet upon the Air-Pump Plate under a
Receiver, and pump out the Air; when you are
pumping, the Water boils violently by the A&tion
of the Fire that goes out of it; and then foon
becomesonly lukewarm, whilft the Waterin the
other Vefle]l, which remain’d in the open Air,
has fearce loft any of “irs Heat.

One may obferve fomething like this in fhi- 578
ning Wood ; for fome Wood that is rotted in
the Ground, fhines when it is taken out ; the
Earth thac encompals’d the Wood kept in the
Fire, which goes out when that is remov’d, and
the Wood continties to fhine for fome Days. In
an exhaufted Receiver, the Light is foon de-
ftroy’d, and is not reftor'd by the Re-admiffion
of the Air.

But it cannot be eafily determin’d how Fire
is confined in a Body by the ambient Bodies, nor
Is it ealy to find cut what A&ion produces this
Effe&; it is hardly probable that Preffure is here
much concerned, fince Fire does eafily. penetrate
all Bodies by its Subtilty.

CoH AP Wk

Concerning the Motion of Fire, where we

_ﬂm/f Jpeak of Heat and Light.

E have faid that Fire moves very fwift-

ly *, and this Motion, in different Cir- * 545
€umftances, produces diffcrent Effeéts, Heatand
Light
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Light arc to be attributed to the different Mo-
tions of Fire. FHeat, in a bot Body, is the Agita-
tion of the Parts of the Body and the Fire contained
in ity by which Agitation, a Motion is produced
in our Bodies, which excites the Idea of Heat

780 inour Mind.  Heat, in refpe of 1Sy 15 u0thing

§31

but that ldeay and in the hot Body is nothing but
Motion., Here we muft call to mind what has
been faid of the Senfations in general (N. yo2.)
which alfo may be referi’d to Light.

When Lire enters gur Eyes in Right Lines, by
the Motion that it communicates to the Fibres inthe
Bottom of the Eye, it excites the Idea of Light; of
which Motion of the I'ibres we fhall fpeak more

® 16 particuhrly hereafter. ¥ A reftilinear Motion is
782 the Morion of Light, asit appears from its be-

783

ing eafily ftopped by an Obftacle. On the con-
trary, fuch a Motion is #ot requir'd in Heat : and
that an irregular Motion is wiore for ity may be
proved, becaufe the Rays, that come directly -
trom the Sun to the Top of a Mountain, pro-
duce no fenfible Heat 5 whillt in the Valley,
where the Rays are agitated with an irregular
Motion by {everal Reflexions, there is often pro-
duced a very intenfe Heat.

DeriNiTION.

A Body is faid to be Lucid, when it emits
Light, that is, when it gives Fire a2 Motion in
right Lines.

That there is not always Light, where there is
Firey is beyond all doubr 5 for we daily fee hot
Bodies that do not fhine.

¢84  But whether there be any Body awithout Ieat,

cannot be devermin’'d.  Hear, in all Bodies, is a
Motion that may be infinitely diminifh’d; and
there may be fuch a Motion, tho it be not fen-
fible to us, becaufe often we eannot difcover
any
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any thing of Heat ; for certainly there are a
great many lucid Bodies, in which we can per-
ceive no fenfible Heat.*  Concerning which it * 57t
may be obferv’d, that no Heat is {enfible to us,
unlefs the Body, that alts npon our Qrgans of
Senfe, has a greater Degree of Heat than thatof
our Organs.  Which fhews us, that the Judg-
ment of our Senfes, concerning Heat, is wholly
uncertain,
. When the {malleft Parts of which any Body
15 made up are agitated, cither by Attrition, or
the Aétion of Fire applied externally to ir, or
any other Way ; the Fire is feparated from the
fmall Particles and agitated in the Body ; then
alfo the Fire and the Particles of the Body aét
upon one ancther by their Attraétion, as is
prov’d by the Experiments which we fhall here-
after mention * By this Action fome Parts are » 61z
{cparated from the Body, and carried off from
it by the Motion of the Fire. And this is the
Caule why bard Bodies are often Jet s Fire by a ;8¢
Tiolent Attrition.
Hence we deduce, that the burning of Bodics 586
15 4 Separation of their Parts by the mutual Aétion
of the Fire, aud thafe Parts ou each others fome of
thofe Parts, carried off by the Moiion of the Fire, 8
wake Flame and Smoke. (
We fee befides, that a Body, that is burn'd
by the Application of Fire, is not only diffolv’d
by the Aétion of the external Fire, but alfo by
the A&ion of the Firc canmined in the Body
itfelf; and that the Heat is encreafed by the Ap-
plication of new Fire, and the Augmentation of
the Agitation of the Fire which the Body itfelf
Contains ; and therefore that he Hear is not in §88
Proportion to the Quantity of Fire.
As to the Motion of Light, it is plain, as we
faid #, thae it is perform’d in right Lines ; but *58:
‘ whether
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| whether it be fucceffive or’ inftantaneous, is di-
fputed 5 that is, whether at the fame Moment
that a Body begins to fhine, the Light is fenfi-

. ble at any Diftance, or whether the Light goes
on fucceflively toPlaces more and more diftant.

780 It feems clearly to follow from feveral Aftro-

~ nomical Obfervations, that that Motion is {uc-

ceffive, and Philofophers did not long doubt of

it ; but by fome later Obfervations, the Conclu-

fions, drawn from the former, are weaken'd, and

we are obliged to confels that the Motion of
Light has fomething unknown to us.

To fay that a Motion from one Place to ano-
ther is not fucceflive, impiics a Contradiction,

590 and 7 can [carce be doubted, that Light moves from
one Place to another. :

For we obferve that Fire is carried off in Va-
pours and Smoke 3 in which Cale, Fire carries
with it the Bodies to which it adheres, and yet
is often mov’d very fwift : 1f the Subtilty of
Fire be confider’d, it will eafily be found that it

. is immenfly retarded by the Bodies to which it

( adberes 3 and, that, asfoonasit is freed from

them, it is mov’d with a very great Velocity.

I There are feveral other Things very well
worth obferving, i refpett to Light and Heat,

but a great many of them are hard ro explain.
In natural Philofophy, when we are ignorant
of the Caufes, we muft only mention the Ef-
feéts.

o1 We fce feveral heated Bodies that become lucid,
if their Heat be increafed 5 fuch are Metals: They
emit Fire by the Agitation of their Parts, but

i if the Motion of the Parts be increafed, Part of
the Fire is mov’d: in right Lines, and the Body
{hines.

Thus
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Thus if Smoke be made hotter by applying §Fo2 .
Flame to it, it is chang’d into Flame ; that ;
is, it becomes a lucid Body. !

Experiment 1. Plate11. Fig. 3.7 Having blown
out the Candle C, which fends out the Smoke
F ; let another lighted Candle A be brought to ;
it, and the Smoke of the firft will be chang’d
into Flame, and that fucceflively quite to the
Candle C, which is thus lighted by the Can-
dle A, tho it be 7 or 8 Inches from ir.

We have faid that Air a&ts upon Fire * ; one * 577
of its Effe€ts upon it, that in many Cafes is not
10 be overlook’d, fhews itfelfin R efpect of Light.
Kor the Prefence of the Air is often neceffary for the 593

Production of Light or Prefervation of Fire, which
may be obferv’d in the burning of all thofe Bo-
dies that go out when the Air is taken away
from them.

Experiment 2] Put a lighted Candle under
the Receiver of the Air-Pump 3 exhauft theRe-
ceiver, and the Candle will immediately go out.

Plate 11, Fig.2. Experiment 3.] Take a round
Plate of Steel of about 3 Inches Diameter, with
an Hole in the Middle to receive the Axis which
Is to be mov’d 7z Pacuo *, and let it be prefs'd * 567
and fix’d between two round Pieces of Wood
by the Help of the Screws 4, d 5 let Pieces of
Flint be faften'd to the Spring £, £, fo that by
the Motion of the Axis the Stcel Plare may rub
nimbly againtt the Flints.  As long as there is
any Air in the Receiver the Attrition will pro-
duce Sparks of Fire; when the Air is drawn
out, tho you continue the Attrition, you can
Perceive no Light; but upon re-admitting the
Air, it becomes again fenfible.

Vour. II, C We
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594 We oblerve allo on the contrary, that very of-
ten the dbfence of Aiv is neceffary for Light, as
might be obferv’d in the Experiments already

# ¢oo mention'd ¥, _And laftly, That raking away the

57t Airy the fame Lighty which may be [een in the open
§9F Air, is lometimes increafed.
3

*575  Experiment 4.] With the Phofphoras * above-

mention’d write or draw Figures upon Paper,
and they will thine in the dark, as we faid be-
fore 5 but the Paper will become much brighter
in Vacuo.

CHAP IV
Of the Dilatation occafow’d by Heaf.

<06 L L Bodies are dilated by the A&ion of

* c47 Fire*; but #hat Dilatatien changes as the
Heat changes 5 fo that it feems io depend rather
upon the Motion than the Quantity of the Fire; for
Bodics are expanded as well by rubbing as by
applying Fire to them externally.

Experinsent 1. Plate 111 Fig. 1.7] Takea {quare
fron Bar about 3 Foot long and % of an Inch
thick, and having laid it upon a Board between
two firm Obftacles or Standards O, O, be-
tween one of the Obftacles and one End of the
Bar, thraftin an IronRuler about 4 or g Inches
long, (made Wedge-Fathion, being  of an Inch
broader at R than at r, and divided into equal
Parts) as far as it will go; and obferve the
Divifion that is againft the Ead of the Bar,
which muft be a little oblique, that it may the
Better apply it felf to the Ruler.

Then let the Bar be heated, cither by Attri-
tion or Fire ; then let it again be put berwe;:ln
3 the
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the Standards, and the Ruler thruft in berween :
As the Ruler will not go in {o far as the Divi-
fion that was obferv’d before, it is plain that
the Bar is lengthen’d by Heat.

Experiment 2. Plate 11. Fig. 4.1 That Diguids,

as well as Solids, are dilated by Heat mi ay be prov’d
t the following Manner. Take a Glafs Ball G
that has a fmall Tube E D for its Neck, and
£ll it with fome Liquor up to what Height you
Pleafe in the Tube, and the Liquor will afcend
in the Tube; when you heat the Ball 3 a finall
Degree of Heat will produce this Effe&, even
tho you ufe Mercury, the denfelt of all Fluids.
The Experiment will be made in the (ame Man-
nery but better, if inftead of a Ball you ufe an
hollow Cylinder C with the long Tubc B A
join'd to it; for the whole Liguor will be fooner
heated in 'a Cylinder than in a Ball,

If the Tube ED or B A be divided into equal
Parts ; or the Tube with. its Ball or Cylinder
be fitted to a Framie on which equal Divifions
are mark’d, the Heat may in fome Sort be miea-
fured by this Machine : For the Liquor rifes or
fubfides in the Tube, as the Heat of the neigh-
bouring Bodies is increas’d or diminifh’d. Such
Inftruments are call’d Thermomcters, and are of
€ommon Ule. They do indecd thew a Chanae
in the Heat, but it is uncertain whether they
thew the Degree of Heat ; that is, it is not
known what Relation there is between the
Change of fixpanfion and the Change of Hear,
fo as to enable us to compare together the De-
grees of Hear, by comparing the Degrees of
Dilatation.

19
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If the Ball G or Cylinder Cbe fuddenly heated, 655

the Liquor in the Tube will immediately defcend,
but immediately after rife. By reafon of the {ud-
C 2 den
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den Heat the Glafs it felf grows hot fooner than
the Liquor contain’d in it; and therefore when
the Glafs is dilated by the Heat, the Cavity
grows bigger, fo that the Liquor defcends; but
the Heat being prefently communicated to ity it
rifes Again by its Expanfion.
From the Expanfion of Bodies it is evident
o1 that the Particles of which Bodies confifty from the
Aétionof the Fires acquire avepellent Force, by which
they endeavonr to fly from each othery and which
adts contrary to that Force by which the Parti-
# 47 Cles come to each other #, As long as this laft
Force is ftronger than the other, the Particles
cohere more or lefs, according to the different
Degree of Heat. When the repellent Force is
almoft equal to the attractive, the Particles,
which were before firmly join’d, fcarcely cohere,
yield to any Impreffion, and are eafily mov’d
one among anothet ; whence we fec that o So-
602 lid Body is chang'd into a Liquid by Heat, which
may be obfery’d in.all Bodies that are liquified
by Heat, and return to their firft State upon the
Diminution of the Heat. It is a Queftion,
603 I hether all Fluidity is not owing to Heat ? which
cannot-be determin’d, becaufe we know of no Bo-
dy that is entircly without Fire in it 5 it is cer-
tain that Heat is not only the Caufe of Fluidity
in Metals, Wax, and fuch like Bodies, but that
feveral Bodies, which are commonly reckon’d
Fluid, are only {o by reafon of their Heat; thus
6oy W ater is melted fce 3 for when Part of the Heat
of the Water is gone, it grows fix'd.
6oy Heat may be fo increas’d that in fome Bo-
dies the atirating Force is overcome by the re-
pelling Force ; in which Cafe the Particles fly
from cach other; that is, acquire an elaftic
* 431 Force, as the Particles of Air have *, which
Elafticity is increafed even in the Air by Heat. *
| We
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We may obferve this Effe@ in Smoke and Va-
pours.

Experiment 3. Plate 111. Fig. 2.] Take an hol-
low Brafs Ball E, of about 4 Inches Diameter,
with an Handle M ; This Ball has a Pipe T with
an Hole of hardly the twentieth Part of an Inch.
Let this Ball be heated, and the Air in it will
expand itfelf * and come out thro’ the Pipe ;
then, immerging the Ball in cold Water, the
Air will be again condens’'d by the Cold, and
the Water will go into the Ball, by the Preffure
of the Atmofphere upon its Surface.

If this Ball, thus partly fil’'d with Water, be
laid upon the Fire, the Moment that the Water
is chang’d into Vapours, thofe Vapours will go
out thro’ T ; but if the Heat be increas’d, {o as
to make the Water boil violently, the Vapours,
comprefs'd intheupper Part of the Ball, will, by
their Elaticity, endeavour to recede from each
other every Way, and rufh violently out of the

23

* 597

Pipe.  Such anInftrument is call'd an Zoligile. 606

Experiment 4.] The following Experiment 607

fhews a more fenfible Effet of the Elafticity of
Vapous.

Plare11l. Fig.3.] Take the Ball E, which is
alfo of 4 Inches Diameter, made of Brafs or
Copper, but thicker than the former, and let
it be placed upon a little light Cart, fuch
as is reprefented in the Figure. In its upper
Part, it has a fquare Pipe T. In the middle of
this Pipe, there is a Separation, and the hind
Part of the Pipe communicates with the Ball.
There is an Hole of about & of an Inch, in the
middle of the Separation of the Pipe, which Pipe
is open forwards. This Hole is fhut up with

long Plate, that goes thro’ two Holes in the
C 3 Sides
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Sidesof the Pipe, and applics itfelf to the above-
mention’d Separation. As the Plate is made
Wedge-wile, if you ftrike upon it with a Ham-
mer, it will exactly fhut the Hole.

‘Take this Bail off of the Carr, and open the
Hole, and, having heated the Ball, immerge it
in Water, to let it be in Part fill'd, as in the laft
Experiment. Then, having fhut the Hole, fet
the Ball againuponthe Fire, till the Waterboils
violently ; and then if you make it faft to the
Cart, and open the Hole, the Vapour will fiy
out violently one Way, and the Cart be carried
with the Ball the contrary Way,

The Vapour, being very firongly comprefs’d,
endeavours to recede equally every Way, and
therefore oppofite Prefilures deftroy one another
but whenthe Hole is open’d, the Vapour, which
goes our, does not prefs ; therefore the Preflure
one Wy being taken off, that which aéts in a
contrary DireCtion prevails, and the Cart is
mov’d aleng.

609 A Sky-Rocket rifes up into the Air, becaufe

the Gun-powder,-being fer on Fire, acquires an
Elalticiry, and its Parts endeavour to recede every
Way: As thePipe, orCafe of it, is open at one
Fand, it is lefs prefs'd that Way, and confequently
at the other End, the Preflure prevails, and car-

ries up the Rocket.
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Concerning the Inflexion, Refradion,
and Reflexion of Light.

H A P Y,
Conceruing the Inflexion of the Rays of Light.

| A VIN G premisd, in the forego-
&4 ing Part, what regards Fire in
7AWl ccneral 5 let us again farther ex-
iy amine the Properties of Lightand
j the Phaenomenaarifing from them,

The Things obferv’d concerning Light are
very wonderful, yet moft of them are explain’d
by a few Laws of Nature.

Light moves in right Lines %, can be inter- # ;g,
cepted by an Obftacle which wholly ftops fo
much Light as comes upon it, but ftops-no more.

DeriniTionN
Axy Light coufider’d according to the Direttion (,
of its Motion, if it be all carried in the fame Di-"
¥eltion, is calld, a Ray of Light.

C 4 _ Such
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Suchis a Beam of the Sun’s Light going thro’
an Hole.
Fire, as has been faid, is attracted by Bo-

* 549 dies * ; the notable Effeéts of which Attraétion

may be obferv’d in the burning of Bodies ; they
are alfo fenfible in Light; for when Light pafes
near Bodies, it is turw'd out of the flrait Way s
whichmay be diftinctly perceiv’d by the follow-
ing Experiment.

Experiment 1. Plate 111. Fig. 4.] Take a little
Board T about 6 Inches long, and ashigh, with
an Hollow ¢ ¢ in its Surface, in which two
Plates of Steel {lide, each of which has an Edge
like a Knife; the two Edges may be brought
together in the middle of the Board, and be
jo'd together exattly. At the Place where
they meet, there is a fquare Hole in the Board,
of almoft an Inch, that a Bcam of Light, letinto
a dark Room thro’ an Hole of a Quarter of an
Inch in Diameter, may pals thro’ the faid fquare
Hole, fo as to come to the Plates.

If the Diftance between the faid Edges be
of about the 10oth Part of an Inch, and the Light
be made to pafs between them, the Board being
fer at the Diftance of 3 Foot from the Window,
if the Light falls upon the Paper A, at y Foot
beyond the Board, there will appear, on each Side
of the tranfmitred Beam, a Light like thatof the
Tail of a Comet 3 which proves that the Lighs
is inflected as it pafies by the Edges of the Plates,
as is plain from the Figure.

If you bring the Plates ncarer (as for Exam-
ple) within the hundredth Part of an Inch, in-
{tead of the Light above-mentioned, you will,
on each Side of the Light of the Beam upon the
Paper, fee threg colour’d Fringes, parallel to the
' Edges
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Edgesof the Plates; which will ftillappear more
diftinét, if the Hole in the Window be made
lefs. I fhall hereafter explain whence thefe Co-
lours arife. Now it is enough to deduce from
this Experiment, that Light is attraétedby Bodies
that infleét its Rays; for if there was not a Mo-
tion towards the Body, the whole Beam would
have continu’d in its dire&t Motion.
But the Aition of Bodies, by which they ait up- 612

on the Light to attraél it, exerts itfelf at a [enfible
Diftance 5 as is plain from the Experiment.

Experiment 2. Platelll. Fig. 4.] Every thing
elle being as in the former Experiment, if the
Plates be brought nearer together within 5i=
Part of an Inch, no Light will appear upon the
Paper between the Fringes above-mention’d; fo
that in thisCafe, all the Light, which paffesbe-
tween the Edges, is infleCted on either Side, fo
as to produce the Fringes above-mention’d.
Which plainly fhews, that Stecl ats upon Light
at leaft at the Diftance of v&s Part of an Inch.

It is alfo proved, that That Action is increas’d gy 3
as the Diftance is diminifb’d.

Experi‘mmt 3. Plare111. Fig. 4.] Things being
ftill in the fame Difpofition, leffen the Diftance
between the Plates; and the Fringes will vanith
{ucceffively, till the Plates being join'd together,
no Light paffes between them. The Fringes,
which vanifh firft, are thofe that arc produced
by the Rays which are leaft infleéred; and thofe
vaifh laft, which are produced by the Rays that
aremoftinfleCted ; that is, when the Edgescome
towards one another, the Shadow between the
Fringes, made by each Edge, is continually in-
Creas’d, till, at laft, the whole Light oneach
Side vanifhes. 'Whence it plinly follows, that

the
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the Rays are more infleéted, thenearer they pafs
bythe Edges; that is, the Attrationis increafed,
as the Diftance is diminith’d.

614 ; But this-Attraftion has fomething particular,
for the Attraction of one Edge is increafed, asthe
other s brought uear it.. W hich is plafﬂly feenin
this Experitment 3 for as the Edges are brought
rowards one another, the Infletion of the Rays
continually becomes greater. ‘

CHAP VL
Concerning thé Refrathion of Light and its
Laws.
615 L. L that gives Paffage to Light; is calld a
Medium.

Glals, Water,anda Vacuum itfelfare Mediums.
W hen a Ray of Light goes out of one Medi-
um into another, it is often turn’d out of the
right Lioe.
Derinition IL
This Inflcttion is call’'d Refrattion.
616 If'{ -.’J?’d_:‘?' to pforz’m{’ _Rc—ifhzﬁiafz, the Mediums muft
be of different Denfities, and the Ray muft make
a obiiqee Angle with the Suiface that feparates
the Medinis.
618 Refrattion arifes from this, that the Rays are
O smore attratied by & dewfe, than by a rave Medinim s
from which Attraétion, that we have prov’d in
the foregoing Chapter, all that relates to Re-
fraction may be deduced.
T et B F be the Scparation of the Mediums
[ Plate V. Fig.1.] and let X beinthe denfer, and
7, in the rarer Medium. All the Particles have
» p an attractive Force™, and this Force alfo obrains
* 611 jn Light. Let the Diftance, at ¥ which the Par~
ticles exert their Action, be that which is com-
prehended berween the Lines EF and G H.
T hercfote,

6190
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"Thercfore, the Light, which comes berween
thofe Lines, will be attracted by the Medium X.

At the Diftanceof the Line G H, onlytheex-
treme Parts of the Medium X act uponthe Light 5
at a lefs Diftance, both they and other Parrs act
{o as to increafe the atirafting Force, when the
Diftance is diminifh’d, as has been before ob-
ferved*. In the denfer Medium X, let the Line
1 L be fuppofed ar the fame Diftance from E I
as G H is in the Medium Z. Let the Light en~
ter into the Medium X, and it will, onall Sides,
be attrated by the Particles of the Medium,
whofe Diftances from the Light are lels than
the Diftance between I F and G H 3 for the
Light is fuppos’d to be attrafted at that Diftance
by the Particles of the Medium X.

As long as the Light is between the Lines
EF and 1L, the atrracting Force is the ftrongelt
towards 1 L, beeaufe there are more Partices
that draw that Way; but asthe Numberof Par-
ticles, that act the contrary Way, increafes, that
15, asthe Diftance from E Fincreafes, the Force
towards I L is diminifh’d, till, in the very Line
1L, the Light be equally attracted every Way s
which alfo obtains every where in the Medium
X, beyond T L. -

Suppofe a Ray of Light to come in the Line
A g, and fall obliqucly on the Surface, whicl di-
vides the Mediums, or rather on the Surface
G H, where the Aéion begins, by which the
Light is driven towards the Medium X: When
lh_c Ray comes to #, it is turn’d out of theright
Line, by the Force by which it is attraéted by
the Medium X5 thatis, by which it isdriven to-
Wards it in a Direftion perpendicular to its Sur-
face. And, indeed, the Ray of Light is bent
out of theright Line in every Point, as long asit
15 between the Lines G H and I L, between

. which

27
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which the faid Attraétion aéts ; and therefore
between thofe Lines, it defcribes the Curve a5,

* 208 jn the fame Manner that Projectiles move*. Be-
yond the Line I L, the Aétion which bendsthe
Ray ceales 5 therefore it goes on then in a right
Line, according to the Direétion of the Curve
in the Point 4.

The Diftance, berween the Line G H and
IL, is very fmall y therefore, when we confi-
der Refraétion, we take nonotice of the bended
Part of the Ray, which we look upon as if it
was made up of two ftrait Lines A C, CB,
meeting at C, namely, on the Surface which
divides the Mediums.

Thro’ C draw N C M, perpendicular to the
Surface of E F.

DeriniTion I

620 The Part A C of the (aid Ray is calld the in-
cident Ray.

DeriniTIiON TV.

621 The Angle A CN is call'd the Angle of Inci-
dence.

DeriNiTioNn V.
622 The Part C B is call'd the Refratted Ray.

DeriniTion VL

622  The Angle B C M is call'd the Angle of Re-
fraction.

In this Cafe, Z7hen Light goes ont of a rare into

a denfe Medium, the Angle of Refraétionis lefs than

the Angle of Incidence, by reafon of the Inflexion

ofthe Ray ; for thefe Angles wou’d be equal,ifthe

Ray A C continu’d to move ftrait oninthe Line

CD. TheRay CB does allo come nearer to the

Per-

62
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Perpendicular CM 3 and thereforezbe Refraétion
is faid o be made towards the Perpendicular.

On the contrary, if he Ray goes out of a denfer 6 2y
into a varer Medium, it will vecede from the Per-
pendicular, becaufe the denfer Medium attraéts
the Ray inthe fame Manner, whether it goesout
of a rarer into a denfer, or out of a denfer intoa
rarer Medium. Therefore if B C be the Ray of
Incidence, C A will be the refraéted Ray ; thatis,

Let the Ray come from citber Side, andit willmove 626
inthe fame Lines. Therefore, if there be two Rays, 627
and one comes out of a denfer Medium into @ varer,

and the other out of a rarer into a deisfiry and the
<ngle of Refrattion of the one be equal to the Angle

of Incidence of the othery the two remaining Angles

of Incidence and Refraftion will be equal to each
other.

Whence it follows, that The Direition of the 628
Ray is not chang'dy if it moves thro’ @ Medium ter-
mined by two Surfaces parallel to each other 3 foras
much as it is turn’d towards any Side at its En-
trance, {o much exadtly is it turn’d the other
Way as it goes out of the faid Medium.

If & Ray falls perpendicularly on the Surface that 629
feparates two Mediums, it will not be turi'd our of
the right Line by the Attraftion of the denfer
Medium; becaufe in that Cafe it a&s in the Di-
rection of the Ray. :

PlareIV. Fig. 2.] To confirm what we have
faid by Experiments, take a Trough or open
Box P, about a Foot long, 4 Inches wide, and
of the fame Depth.  Tts two Sides abed, abed,
are Planes of ‘Glafs parallel to each other, and this
Box muft be fill’d with Water two Inches and
half high.

The Experiments mufl be made in a dark
Place; the Light mufl be let inthro’ aSlirinthe
moveable round Plate O, which is fix’d to t!éc

Vind-
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Window-fhut, and is eafily turn’d round, that
the Slit may be inclin’d at Pleafure : The Slic is
4 Inches long and + Inch wide.

The Light, that is let in, ftrikes upon the
Looking-Glals S, and the Slit is{o inclin’d, and
Speculum difpoled; that the Beam; that comes
thro’ the Slit, may be horizoutally refleéted by
the Looking-Glafs, the Beam being in a vertical
Pofition, that it may go thro’ a veitical Slit in
the Board T, of the fame Dimexnfions as that in
the Plate O. ThisBoard isus'd to diminifh the
Breadth of the Beam, which is continually in-
creafing, byreafonof the Light that comes from
the Sides of the Sun.

Experiment 1.] Things being dilpos’d, as we
have faid in the Defcription of the Machine 3
let the Beam fall perpendicularly on the Surface
a b ¢ d, and it will pafs perpendicularly thro’ the
Water and the upper Part of the Trough, and
not be turn’d out of the Wayar all, either going
in or coming out ;3 by which is confirm’d what
has been faig[’(N”. 629.)

Experiment 2.] Now letthe Beam fall obliquely
on the Surface @ & ¢ d, at £ g5 the upper Part of
the Beam will continue i1ts Motion ftrait along b 5
but the lowet Part of ity in the Water, will be
bent towards7, coming towards the Perpendicu-~
lar; which' confirms (N¢. 624.)

Experiment 3.] Every Thing being, as in the
former Experiments, the Beam, which, ati, goes
out of Water into Air, is turn’d out of its Way
fromwards the Perpendicular, and in fuch Man-
ner, as tomove in the fame Direétion astheinci-
dent Ray that goes into the Water at g; for it
)
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goes on parallel to the Ray f 5 continued :
which confirms (IN®. 621, 626, and 628,

In what has been faid hitherto, we have only
confider’d the Attrattionof the denler Medium,
becaufe it overpowers ; buc we muil not over-
look the Action of the raver Medium, becaufe it
diminifhesthe Aétion of the denfer, which Aétion
becomes {o much the lefs on the Rays of Lighr,

. as the Mediums differ lefs in Denfity. Theretore
there is no Refration where the Dé"::{,f['li.:*s of Me-631
diums are equal 5 and the Refraition is greateft
where the Denfities of Mediums differ moft.

The Laws of Refraétion arededuc’d trom the
Acceleration which the Attra&ion generates 3
therefore this Acceleration muft be examin’d.

DeriniTi0oN VII

The Space, terminated by the Planes G H and
I L, is call’d the Space of Adttrattion.

Plate 4. Fig.1.] The Attra&tion a&s between
the Planes reprefented by thefe Lines, but no
farther *, =

The Direclion of this Ailion is perpendicular to g
ihe Surface that [eparates the Mediums, and con-
Sequently to the Surface 1 L 5 and its Form is un-
equal at different Diflances from the Surface®. But ™ 619-
it is cqual at equal Diffances, becaufe both Me-
diums are fuppofed homogeneous, and alike inall
their Parts,

"The Motion of the Ray A C may bereflolved
into two other Motions, according to the Di-
reCtions A O and O C*, of which the firft is * 1g2.
parallel to the Surface E. I, and the {econd per-
pendicular to that Surfacc : The Celerities of
which'Motions will be refpectively proportional
to thofe Lines A Oand O C, whilft A C denotes
the Celerity of the Ray itlclt *, * 192,

The

61z

619,
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634 The Mutiony according to the Direttion A O, is not

chang'd by the Attraétion perpendicular tothe Surface
I L, onlythe Motionaccording to O Cis accelerated.

Keeping the Line A G, that is the Celerity of
the Ray, its Inclinationmay be chang’d, where-
by allo the Celerity in the Direction O C is alfo
chang’d; which Celenity wholly vanifhes, if the
Angle A 2 Gbe very fmall. In which Cafe, if
after Light has enter’d into a denfer Medium,
its Motion be refolv’d into two, fo that the
Diretion of theonebe perpendicular to the Sur-
face I L, its Celerity muft be wholly attributed
to the Artraction fooften mention’d. For, asit
enters into the Space of Attraftion, a Motion is
generated in that Direétion; and, as it goes thro’
that Space, in which a new Adtion does every
where act upon the Light in the fame Direétion,
it is continually accelerated. Which Accelera-
tion obtains in every Pafiage of Light thro’ the
Spaceof Attraction; butitisdifferent, according
to the different Celerity with which Light comes
perpendicular to the Surface which parts the
Mediums.

If the Attraction was equable thro’ the whole
Space of Attraétion, the Laws concerning the
faid Artraction might be determin’d (as was faid
of the Acceleration of heavy Bodiesafter N° 130.)
by Help of the reCtangular Triangle P Q R,
(Plate1V. Fig.3.) inwhich the Lines parallel to
the Bafe reprefent the Celerities, whilft Portions
of the Area of the Triangle reprefent the Spaces
gone thio’.

But here we have always the fame Space run
thro’, namely the Breadth of the Space of At-
traétion, becaufe we only confider the Motion
which is perpendicular to the Surface, which fe-
parates the Mediums; therefore that Space is
always reprefented by equal Parts of the Area of
the Triangle PQR. Let P 4 ¢ reprefent fucha

I Part
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Part when the Celerity is cqualtos. The Light
enters the Space of Attra&ion in the above-men-
tion’d perpendicular Direétion, that 1s, when an
incident Ray makes a very {mall Angle with the
Surface that feparates the Mediums 5 4cin that
Cafe will denote the Celerity acquir'd by the
Attraétion, and with which the Light goes out
of the Space of Atrraion.

But if the Light goes perpendicularly into the
Space of Attraétion with the Celerity that isex-
prefs’d by £ g, it will go out of that Space with
the Celerity 4 7, fuppofing the Areas P d ¢ and
f&ib equal to one another, as appears from
what has been faid. The Triangle P de, Pfy,

Ai are Similar, and therefore their Areas arcto
one another, as the Squares of the homologous
Sides 4 ¢, fg b5 but the Sum of the Aress
Pdey Pfo, is equal to the Area Pji; (by reafon
of the equal Areas P 4 ¢ and f&7hs) therefore
alfo the Sum of the Squares of the Lines 4 ¢ and
£ zis equalto the Square of the Line /75 whence
it follows, that with the three Lines above-men-
tioned one may form a re€tangular Triangle,
Wwhofe Hypothenufe will be 4 .

33

Therefore, 7 2 reftangular Triangle, one Side o636

which is the Celerity with which Light enters the
Space of Attrastion Perpendicularly, and the other
8ide the Celerity acquird in going thro’ that Space,
when the Celerity with which the Light enters into
i is equal o 0 5 the Lypothenufe of the Triangle
Will be the Celerity with which the Light goes perpen-
dicularly out of the Space of Attraition on the other
Side : Which univerfally obtains, which way fo-
ever the Artraction is chang’d, in the Space of
Attraction, accordingtothe different Di ftance of
the Planes that terminate that Space. Which to
prove, :

Let us fuppofe the Space of Attradion to be
divided into two Parts, whether equal or un-

Yor, 11, D equal
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equal, by a Plane parallel to the Surfaces with
which it is terminated. Let us fuppole befides,
that the Attraétion is not the {fame in thofe two
Parts, but yet that it docs not vary in one of

them. Thefe Parts are to be confider’d as two

different Spaces of Attraétion. Let A (PlazelV.
Fir. 4) be the Celerity which the Light ac-
quires in going thro’ the fir{t Part of the Space,
when it enters the Space with the Celerity O.
Lect B bethe Celerity acquir’d in going thro’ the
fecond Part of the Space, when the fame Light
enters that Part with the Celerity O. It is to be
obferv’d that this Demonftration relates to the
Motion, perpendicular to the Surface, which
{eparates the Mediums.

Let the Light enter the firft Part of the Space
above-mention’d with the Celerity O, it will come
to the fecond with the Celerity A ; if therefore
a right angled Triangle be form’d with the Sides
A and B, the Hypothenufe E D will expreis the
Celerity with which the Light will go out of

* 636 the Space of Attrattion *.

® 636

If the Light enters the Space of Attraction
with the Celerity F G, let the re€tangular Tri-
angle HF G be drawn with the Sides F G and
A ; the Hypothenufe HG will be the Celerity,
with which the Light goes out of the firft Part of
the Space of Attraétion*, and entersinto the (e-
cond; and if you draw the re€tangular Triangle
H G 1, whofe Perpendicular is equal to the
Line B, you will have the Hypothenufe I G to
denote the Celerity with which the Light goes
out, and continues its Motion after it has run

* 656 thro’ the whole Space of Attration *.

Now we muft demonftrate that the Celerity
1 G is alfo the Hypothenufe of the re¢tangular
Triangle N ML, whofe Side M L.isequal to the
Celerity F'G, with which the Light enters the
Space
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let that Line A C be fettled; thatis, let it be
always the fame, whatever the Inclination of the
Ray is. With the Center Cand the Semidame-
ter C A, draw a Circle; and let N CM be
drawn perpendicular toEEF; from A, draw AO
perpendicular to N G, and A Q o EF.

Let us conceive the Motion along A C re-
folv’d into two others, the one along A O, and

# 192 the other along AQ_or OC *; the Line OC
will denote the Ray’s Celerity perpendicular to
the Surfice E F, which Celerity alone is in-

* 634 creafed by the Attraction of the Mediam *,

Let CP bethe Celerity which Lightacquires,
in pafling perpendicularly thro’ the Space of At-
traction of the Medium X ; fuppofing the Cele-
rity of Light at itsEntranceto be O, the Hypo-
thenufe O P of the reGtangular Triangle PCO
will be the Celerity of the Ray A C in the
Medium X, according to a Direétion perpendi-

# 637 cular to the Surface E F *; the Celerity of the
Light in the Direétion A O or Q C, parallel to

¥ 634 the Surface EF, isnot chang’d*. Therefore let
CV be equal to A O orQGC, and VB per-
pendicularto EF, equal tothe Hypothenufe P O,

and draw CB; the Motion along C B is com-
pounded of the Two, and this Line by its Situ-
ation determines the Direétion, and by its Length

® g0 b Pelvity of the Light inthe Medium X * 5 which
638 Celerity is nat chang’d by the different Inclination of
the Ray AC. For the Square of the LineCB is
equal to the Square of the Line BV or P O,

the Square of the Line C V or A Oy but

the Squarc of the Line P O is equal to the
Squares of the Line PCand CO: Thereforethe
Square of the Line C B is equal to the three
Squaresof the Lines PC, CO and AO; which

two laft, if join’d, will give us the Square of the
Semidiameter AC orCIN 3 that is, CB isequal

Lo
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toP N, whofe Squareis alfo €qual to the Squares
of the Lines P G and C N, and which under-
80¢s no Change from the different Inclination of
the Ray A C.

The LineCBdoes in'T' cut the Circle, which
is deferib’d with the Semidiamerer CA; from
the Points B and T, draw B S and TR perpen-
dicular to C M; by reafon of the Similar Tri-
angles CB S, CTR, BC will be to T C or
CA4, as BS'to TR ; which Lines therefore, by
realon that B C and C A are fettled, will have
the fame Ratio to one another, whatever be the
Angle of Incidence. T R js the Sine of the
Angle of Refraétion TCR, and BS which is
equal to CV, that is equal to A O, is the Sine
of the Angle of Incidence ACO.

Therefore, in every Inclination of the Incident 6 39
Ray, there is a fettled and conflant Ratio betreen
the Sines of the Angles of Incidence and Refragkion.

Now fince BC and C A which are as the
Sines above-mention’d, do alfo denote the Cele-
rities of the Light in he Mediums X and 25t
follows that thofe Sies are inverfly, astbe Celeri-
ties in the Mediums.

If the Medium Z be Airy and X Water, the 640,
aforefaid Sines are as 4 to 35 andthe Celerity of =
the Light in Air to its Celerity in Water, as 3
to 4. Butify Z being &l taken for Airy X be
Glafs, the Sines will be as I7to 11. One Ex-
Periment determines this for all Mediums.

The Ratio berween the Sines of any Anglesis g,y
the inverfe Ratio of the Secants of the Comple-
ments, as it appears in this Figure, fuppofing a
Circledrawn with the Semidiameter CQ or C'V;
forthen AC (which is equal to CT) and CB
will be the Secants of the Angle ACQ, and
BCV Complements to the Angles of Incidence
and Refraction, and inverfly, as BS (which is

D3 equal
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equal to A O) and TR, which are the Sines
of Incidence and Refraltion in the greatcr
Circle.

And this Proportion of the Secants gives US
a Method of eafily reducing to Experiment
the Prop. of N°. 639.

Experiment 1V . Plate 1V. Fig.6.] In this Ex-
eriment the Light is to be let into the dark
Chamber thro’ a Slit, in the fame Manner as
in the former Experiments, and by means of a
Looking-Glafs refleted thro” the vertical Slitin
the Board T
Take a Trough P, nearly of the fame Size as
that which was us’d in the former Experiments,
but which has only one End of Glafs, namely,
the little Side @ b ¢ 4. And let it be half fill’'d
with Water.

The vertical Beam of Light being made to
fall obliquely on the Glafs End of the Trough,
the Part of it, which is above the Water, gocs
dire@ly forwards, and at b falls upon onc of the
Jong Sides of the Trough ; but that Part of the
Beam, which is refracted in the Water, goes a-
long gi, and ftrikes againit the fume Side of the
Trough at 7. Whatever the Angle be whichthe
Beam makes with the End or Side 4 ¢ d, the
Lines f 4 and g i will always be to each cther,
as 3 t0 4 3 asis very eafily thewn in feveral In-
clinations, if you have two Scales, cach with
finall Divifions on them; which Divifions inthe
one muft be to the Divifions in the other, 2s 3
to 4 : For the greater Line g i will always con-
tain as many of the great Divifions, as the leffer

Line f b will contain of the fmall ones. The
Angle, which £ 5 makes with the Planea b c d,

is the Complement of the Angle of Incidence to
a right
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a right Angle, and the Angle made by the Line
g ¢ with the fame Plane is the Complement of the
Angleof Refraction to a right Angle; therefore
g b and g7 are the Sccants of the Complements
of the Anglesof Incidenceand Refraction, which
" have a conftant Rartio to one another, as wasto
be confirm’d by this Experiment.

We have hitherto confider’d aRay of Light 642
going out of a rarer into a denfer Medium, but
the fame conftant Proportion of the Sines men-
tion’d, N°. 639, holds good alfo inthe contrary
Motionof the Rays; the Angles ACN, MCB
(Plate IV. Fig.y.) are not chang’d, whetherthe
Incident Ray be A C or BC*. In that Cafe, if * 626
B C be the Celerity of the incident Ray, C A
will be the Celerity of the refrafted Ray ; for
the Motion of the Ray, going out of X into Z,
is retarded in the fame Mannerby the Attrattion
towards the Medium X, as it is accelerated in
the contrary Motion.

CHAP VIL

Of thz Refralion of Light, when Medinms
are [eparated by a plane Surface.

Derivition I
Ays proceeding from the fame Point, as a 643
Centery and continually receding from each o-
thery are faid to be divergent.
DeraiNirion II.

2 . : 644
Thofe diverge more, which make ¢ creaier C44
- % ?
Angle with each other.

D4 Deri-
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Derinitiron IIL
645 The Point, from which the divergent Rays pro=
ceed, is call'd the Radiant Point.
646  The more the Rays diveige, [uppofing them at
equal Diftances from each otber, the lefs is the ra-
647 diant Point diftant from thems and fo on the con-
* trary, the Rays are often mov’d by Refraition,
as if they came from a radiant Point, thotheydo
not really proceed from fuch a Point 53 that is,
if the Rays fhould be continued or produced
back the Way from whence they come, they
would meet in onePoint. In thatCafeallo, the
Rays are faid to be divergent.

DerinirioN IV, and V.
648  Rays which concur in one Pointy or wonld concur
if they were continged, are faid to be convergents
G649 and thofe are more convergent, which make grea=
ter Angles between themfelves.

DeriniTioNn VL

650 The Point of the Concourfe of converging Rays,
is call’d the Focus.

DeriniTION VIL

651 The Point, in which converging Rays, and fuch
as (being intercepted or turnedout of the Way before
their Comconr(e) wonld have concurvedy being con-
tinuedy is called the imaginary Focus. Which
Name is alfo given to that Point from which
thofe divergent Rays are conceived to flow,

# 647 which do not proceed from the radiant Point *.

652 The more the Rays convergey fuppofing their Di-
[rance fromcach other to bethe [ame, the lefs Diftance
from them. is the Foeusy whether veal or imaginary.

if
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If parallel Rays pafs out of any Medium into a- 653
nother of different Denfityy theywill alfo be paralicl
after Refration: Becaufe they are all equally in-
fleGted 5 for, in all this Chapter, we {peak of
Mediums feparated by a Plain Surface.

Let X and L be two Mediums, the laff more 654
vave, and the other more denfe, [eparated by the
Plane £.§, (PlateV. Fig. 1.) from the Point R G,

It there proceed the divergent Rays PC, Ro, Ry,

and enter into the denfer Medium : Let oneofthem

be R C, perpendicular to the Surface ES; this
lat is not turn’d out of the Way *, but con- ™29
tinues its Motion along C G. The Rays R 0,

R, are refraéted towards Perpendiculars, which

are conceiv’d to fall uponthe Surface ES inthe
Points 0 and #*, Thefe Rays are moved in theden-" 524
Sir Medium, as if they all proceeded from the imagi-

nary Focusvy awhich is farther diftant fromthe Sur-

face thanR, if the Raysare not toomuch [cattered
which yet is not to be underftood Mathemati-
cally; for, by a Point, we underftand a {mall
Space, fuch as is otherwife call’d a Phyfical
Point.

To demonflrate this Propofition, we muft
confider, thatthe Angle R o G, is the Comple-
ment of the Angle of Incidence to a right An~
gle ; and, thatthe Angle » 0 Cis alfo the Com-
plement of the Angle of Refraction to a right
Angle; and thereforethat the Lines R o, 70, are
the Secants of the Complements of the Angles
of Incidence and Refration, fuppofingtheSe-
midiameter to be 0 C; between which Secants,
there is a conftant Proportion *. In the {fmall * 643
Divergence R ¢ and R C, as alfo » 0 and » C, 639.
they do not fenfibly differ, and, betwecen RC
and » C, the Ratio is always conftant 5 that is,

7 is fixed as well as R, tho the Inclination of
the
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the Ray be chang’d: And therefore R# is re-
frated along » A, asif it had proceeded from 7.

If the Rays are too much difpers’ds this Demon-
{tration will not ferve, and the Place of Con-
courfe # cannot be taken for a Point : In this
Cafle ¢ liztle Gircle maft be imagiwd there, into
awhich all the Rays concuryawbichwill be the greaters
the greater the Angls is that the divergent Rays
make.

676 If fome Rays, proceeding from Ry are not o

miuch difper(edy but fail very obliquely onthe Suiface

E S, theywill bevefratled, as if they proceeded fram

& Point not wery remote from the Point v : Asis
Jain from what has been faid.

657 The Rays, fuch as A ny B oy GC, whichcome

converging from o denfer Medium X intoa raverZ,
concur fooner than they wou'ddo, if they fhou’d

# 625 continue their Motion in a denfer Medium %,

that is, become more convergent, and the real Fo-
cus is lefs diftant than the imaginary one. In
this Figure, the imaginary Focus is 7, and the

# 62 real Focus R ¥, This Propofition therefore is

properly the Inverfe of the Propofition of N.61 4.

» 626 and therefore * both are prov'd by the fame Ex-

periment.

Esperimont 1. Plate V. Fig.2.] Thro’ theBall
G, which is movenble inthe Window-fhut, and
has an Hole going thro’ the Middle of it, let a
cylindric Beam of the Sun come into the dark
Room,and be refle€ted horizontally by the Look-
ing-Glafs S 3 let it then go through the Con-
vex Lens of Glafs that is fix'd in the Board or
Stand T, and the Rays will meet together at R,
and beyond R will move as if they proceeded
h;om that Point ; which therefore is the radiant
Point. '

Convex
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Convex Lenfes of Glafs are very common; we
{hall hereafter mention their Properties*, it be- * 691
ing needlefs to do it in this Place : Now we 97
only want a radiant Point, and it is enough to
fhew how to make it.

Take a Trough Box, P, whofe Side 4 b¢d is
of Glafs, and let it be fl’'d with Water: The
Rays, which diverge fromthe Point R, become
lefs diverging when they go into the Water.

When convergent Raysy asHD, Ip, Lig (Plate 658
V. Fig.1.) having their imaginary Focus atf; go
Jrom a raver Medium 'L into a denfer X, they be-
come lefS convergent *, and concur in the Focus F, # 624
which is more diftant from the Surface ES *, * 652
as appears by applying here the Demonitration
given in N°. 674.

Rays proceeding from the Point ¥, and goingout 659
of @ denfer Medium info @ rarer, become more di-
verging, and move asif they came from f, which
Propofition is the Inverfe of the foregoing, and
1s confirm’d by the fame Experiment *. * 6,6

Experiment 2. PlateV. Fig. 3.] Take the fame
Box B, as was ufed in the former Experiment ;
but here let in two Beams of the Sun into the
dark Room thro’ two Holes in the moveable
Plate in the Window-thut; let them be both
refleCted horizontally, and tranfmitted thro® {i-
milar convex Lenfes ; thereby the Rays of the
Beams will become convergent, having their Fo-
cus’s at the fame Diftance; butif the converging
Rays are made to run into the Water inthe Box
thro’ the Side ab¢d, they will be collected at a
greater Diftance 3 which will plainly appear by
comparing together the Situation of the Points
F in the Air, and f in the Water.

CHAP
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CH AP VIIL

Concerning the Refrattion of Light, when a
[pherical Surface féparates the Mediums.

|

\" Plare V1. Fig.1.] ET X and Z be Me-

| diums differing in Den-

‘ fity, the laftthe rarer, and the firft the denfer 5

‘ let them be feparated by the {pherical Surface

It | E S, whofe Center is C, and whofe Convexity
is towards the rarer Medum.

660 To begin, by examining the moft fimple Cafe;
Let us [uppofe parailel Raysy as B O and A 2, go-
sng ont of a raver into adenfer Mediumy and falling
gpon @ convex Surface, fuch as we have juft de-

, {crib’d ; let one of them be B O, which, being

i continu’d, goes thro’ the Center, and falls per-

pendicularly upon the Surface E S; and there-
¥629 fore is not turn’d out of the right Line *. All
the Rays, which are not too diftant from that Ray,

- come nearer to it by the Refraétion of the den-~

| fer Medium, and are colleéled into one Point F :

I As for Example 3 Let A #be a Ray which is

refralted along # I ; thro’ the Point # draw to

I the Center C the Semidiameter C », and let it

31 be continu’d to p; as this Line is perpendicular

' to the Surface which feparates the Mediums,

i the Angle of Incidence is A # p, which is equal

i to the Angle z CO3; the Angle of Refrattion is

CnF. It the Arc » O be a very fmall one,
| thefe Angles are as their Sines, whofe Ratio is

7639 conttant *.  Therefore thefe Angles # C O and

C »F are increas’d and diminifh’d in the fame
Ratio, aslong astheir Difference, which the An-
gle » F O, which confequently follows the Pro-
protion of the Arc # O, which is the Meafure
of the Anglez C O ; as long as the Arcg O

: oeg
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does not exceed 11 Degrees, the Angle » F O
is increaled and diminifhed {enfibly in the fame
Ratio, as the faid Arc ; and therefore all the
Rays, between A # and BO, do by their Re-
fraltion meet fenfibly in the Point F.

Esperiment 1. Plate V1, Fig. 2.] Let a cylin«
dric Beam of the Sun, of an Inch in Diamerer,
made up of innumerable parallel Rays (which are
fo on Account of the Sun’s immenfe Diftance)
be let into the dark Room, as in the firft Experi-
ment of the foregoing Chapter, and be refleéted
horizontally by the Looking-Glafs S.

Fill with Water the Trough P, which is a-
bout 3 Inches high, and as wide, 2nd one Foot
long. Let it have a Glafs V made faft in one

of its Sides: This GlaG muft be a Portion of 2

Sphere, thin,and every whereof the{ame Thick-
nefs, fuch as the Cryftal of a Pocket-Watch.

The Convex Part of the Glafs V muft be out-
wards, that the Water next to it in the Trough
may put on a fpherical Surface. If the Rays
above mention’d go into the Trough thro’ this
Glafs, becaufe the Glaf is thin, and has its Sur-
faces parallel, there is no fenfible Change in the
Motion of the Light by the Refrattion of the
Glafs, and the Light enters into the Water, in
the {fame Manner, as if there was no Gla. Let
the Trough be [o difpos’d, that one of the Rays
may pafs thro’ the Center of the {pherical Sur-
face, and the others will come nearer and nearer
to i, and at Jaft concur with it atF.

Plare’VI. Fig. 37] Again let X be the denfer
Medium, and 7 the rarer, and let them be fepa~
rated by the {pherical Surface E S, whofe Cenrer
is at C, and whofe Convexity is towards the rarer

45

Medium: From the radiant Point R et Rays pro- 661

ceed,
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ceedy, and enter into the denfer Medium thyo’ the Sur-
face above-mentiow'd 5 fo that of thofe Rays, that
which is exprefs’d by R O, being conrinued,
may pafs thro’ the Center ; this Ray is not
refraéted as it goes into the Water, and all the
reft of the Rays come towards it by the Refra-
&tion, and when they are not too divergent ave col-
lecied into one Point as Fy in the fame Manner as
was faid of parallel Rays ; with this Difference,
that the Focus F in that Cafe is more diftant.
The fame Demonftration will alfo ferve here, as
relates to parallel Rays, which is built upon
this Foundation, that the Angle of the Incidence
increafes in the fame Ratio as the Arc z O,
which does alfo obtain here, when the faid Arc
docs not exceed 15 Degrees. Let Rz be aRay
of Light, and from the Center C thro’ # draw
Cnp : The Angle R #p will be the Angle of
Incidence 5 let it be divided into two Parts by
the Line #¢, parallel to the Line R O C; the
Part p # g is equal to the Angle » CO, which is
meafur’d by the Arc # O, and which therefore
follows the fame Proportion as that Arc; and
which alfo the Angle z RO (if it be very {mall)
does follow, and is equal to the fecond Part of
the Angle of Incidence, which alfo does wholly
increafe and diminith in the fame Ratio, as the
Arc # O3 for the Ratio which holds in refpeét
of every Part, taken fingly, willalfo hold in re-
{pe&t of the Whole.

The fame Demonflration may be applied to
any diverging or converging Rays, whichinany
Cale are refracted inpafling thro’ a {pherical Sur-
face; and which (as appears by this Demonftra-
tion) when they diverge but little, have their
Focus real, or imaginary, or run parallel. It is
enough to have obferv’d this in general.

.
Wil
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The Forus F of the Raysy that come from R, goes
farther off when R is brought neayer 5 and fo on
ibe contrary, Forthe radiant Point being brought
nearer, if the Point # remains the fame, the
Angle of Incidence is increas’d 5 and as it in-
creafes, {o does alfo the Angle of Refrattion ‘
F#C, and # F intere@s R C at a greater Di-
ftance.

Experiment 2. Plate V1. Fig.4.] This Experi
ment differs from the foregoing only in this, that
a Cylindric Beam of the Sun, refle€ted horizon-
tally, mult be tranfmitted thro’ the Convex Lens
in the Board T, as wasdone inthe Experiments \
of the foregoing Chapters, to form the radiant |
Point R, from which the Rays, going forward,
diverging, are collected in the Water at a greater
Diftance, than if they had been paraliel.

As you move the Board T, the Point R alfo
changes its Place : If this Point is farther off
from the Surface that feparates the Mediurs, T
falls nearer to it: Onthe contrary, if R benear~
er, F is farther off,

The radiant Poing may be brought (b near to the g4 4
Surface above-mention’d, that the Focus will re-
cede to an infinite Diftance 3 thatis, zbat ihere-

Sratted Rays will run parallel.

Experiment 3. Plate V1. Fig.y.] Things being
difpos’d as in the former Hxperiment; by remo-
ving the Board T, let R be brought nearer to
the Troughy and it may cafily befo difpos’d, as
to make the refratted Rays bécome parallel.

Experiment 4. Plate V1. Fir. 1.1 Now if the 46
P : S ] 5
Experiment be repeated, Zrinvine #earer to the
" t - . 2 el <
Trough the radiant Puint R, the re ratied Ravs
o R A e
Wikl become divergent 5 bur they will diverge lefs than

7
Tie
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666 the incident Rays. If the Raysy which out of a
rarer enter into a denfer Medium thio’ a convex
Surface, beconverging and direéted towards the Cen-
ter of that [pherical Surface, they will [ufferno Re-

* 629 frattion *. But if they be dirsited towards ansthey

66— Point,y fince they are refraéted towards the Per-

*62} pendicular ¥, ]:hey will be fo infleted, that the
[focus of thefe converging Rays will always be
between the Center of the Surface which fepa-
rates the Mediums (to which all the Perpendi-
culars are direGted) and the Point to which the
incident Rays tend. That is, if the imaginary
Focus of the incident Rays be at a lfs Difiance
than the Centery the refraéted Rays will be lefs
converging : But if this imaginary Focus be beyond
the Centerythe vefratied Rays will be more converging.

Experiment 5. Plate VIL. Fig.2.] Every Thing
being in the fame Manner, as in the former Ex-
periments, it is eafy to confirm thefe Propofi-
tions by Experiments; for the Board T may be
{o difpos’d, that the convergent Rays thall enter
the Water, fo as to have their imaginary Focus
at any Diftance init.

668 From what has been faid hitherto it is eafy
to determine what happens iz @ contrary Motion
* 626 of the Rays™ ; that is, the Motion of the Rays
from a denfer into a rarer Medium, #be convex
Surface remuaining towards the rarer Medinm.
Parallel Rays, after Refraétion, concar in @
* 644 Focus *:
669  The Rays that come from a vadiant Point mect
* 661 alfo in @ Point or Focus ¥, and as that Point is
brought near, the Focus goes farther off ; and
*663 {o the reverle on the contrary *.
670  The radiant Point may be [o placed, as that the
Focus fhall fly out to an infinite Diftance 5 that
*66o is, the Rays will become parallel™.
7
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If ‘the vadiant Point be brought nearer, the ye- 671
[fratted Rays will diverge; they will diverge lefs
than the incident Raysy if the radiant Point be
wore diftant from the Surface than the Center*. & 667

Buc 5f the radiant Point be between the § urface 672,
and the Centery the refratted Rays will be more
divergent *. * 667

If the Rays are convergent, they become more con- 673
vergent in every Cafz, which follows from the Re-
fraction baing made fromwards the Perpendicu-
lat*, and which may be alfo deduc’d from Neo, * 624
GGy g !

2 Plate V1. Fig.3.] Let usagaini fappofethe Rays 674
080 out of the rarer Medium 7. into the denfer X,

and that the Hollow or Concave of the [pherical
Surface E, S, which [eparates the Mediums, is to-
wWards the raver Medium. 1F the Rays be parallel,

B3 BO, An, BO, which goes thro’ the Center

C of the Surface ES; will notberefracted ; but

A u is refratted towards the Perpendicular C p
along # G *, and, being continued towards Z, * 624
mterlects BCO at £, whichis alfo true in refpect

of the Rays betoween BO and An*; thole Rays * 662
therefore Become divergent, having their imaginary
Focus f in the rarer Medium,

Lxperiment 6. Plate VII. Fig.4.] ThisExperi=
ment differs from the firft of this Chapter, only
0 this, that the Glafs V' has its Concavity to-
wards the Air, the Trough P being in all other
RC_{PC&S the fame; in this Cafe the Rays of the
cylindric Beam diverge in the Water.

If Rays come from avadiant Point 1w C B, which 67¢
is.beyond G (Plate V1. Fig, 3.) the Angle of In-
cidence A » C is diminifh’d, and therefore al(
the Angle of Refrattion G#p growslefs; thatis,
the refratted Rays bacomé more @iverging, and the

Vor. IL E imagi-
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* 646 imaginary Focus f comes nearer to C *; ull by
the radiant Point coming nearer, at length it co-
incides with the imaginary Focus at C; for in
* 629 that Cale the Rays undergo no Refraction*.
676  If the radiant Point comes nearer between C
and O, the imaginary Focus is farther from O
than the radiant Point, for it is always between
~ that Point and C, by realon of the Angles of Re-
* 624 fraction being lefs than thofe of Incidence*.

_ Experiment7.] Thingsbeing, as inthe former
Experiment ; ifyouufethe Board, withthe Con-
vex Lens in it, to form a radiant Point, the Ex-
periments. proving thefe Propofitions may be
eally made.

677 I the Rays are converging, andthe Point of Con=
courfe be in the denfer Medinms, near the Surface
which feparates the Mediumn, the refrailed Rays
will allo converge, but lefs than the incident Rays.

678  If the imaginary Focus of theincident Rays re-
cedes more and more from O, thatis, if #bey con-
verge lefs, therefratted Rays will alfo convergelefss
untily by the receding of the imaginary Focusy the
Rays become parallel.

=9 If the imaginary Facus recedes yet farthers the
refracted Rays become divergent.

Experiment 8. Plate VIL. Fig. g1 Here the
Board muft be {o plac’d in refpeét of the Trough,
that the Rays may cnter the Water converging ;
and the Phenomena above-mention’d may be
feen, according as you remove the faid Board.
680 . Rays which from a deufer go into a rarer Me-
ditsy the concave Sarface being towards this lafl,
are almoft fubjet to the fame Laws.

* 678  Parallel Rays by Refrattion become divergent™.
. é’f 1If they proceed from a radiant Pointy they be-
C g i E
® 7y COUE THILE divergent *,

And
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And they diverge il more and more, as the radi- 69»

ant Point i5 brought nearer *. * 6,8
Converging Raysy which tend to the Center of 683
2he [pherical Surface, andergo nwo Change ™. * 65

If they converge mare or lefs, the imaginary Fo- 684
cus of the incident Rays is always between the Cen-
ter of the Surface, which [eparates the Mediums, 68¢
and the Focus of the refraéted Rays, * which may * 675,
vecede in infinitum, /o as 1o make the refracted 676
Rays become parallel *. * 674

We have hitherto confider’d fuch Rays as are
but little inclin’d to the Surface which {eparates
the Mediums ; for we have mention’d fuch in-
cident Rays as diverge but little, and one of
which is perpendicular to the Surface that fe-
parates the Mediums. Zhe fame Propofitions bold 686
good in oblique Rays, yet in that Cafe all the Rays
are inflected, which does not happen fo in direct
ones ; for the Ray which is perpendicular to
the Surface 15 not infledted. Oblique Rays
alfo undergo a greater Refraction, that 15,
they are more inflected either o or from each other, 687
than direct ones, fuppofing the Circumftances
the fame.

Plate VIIL. Fig. 1.] Let Z be a rarer, and Xa
denfer Medium, E § the Surface {eparating the
Mediums, and having its Center at C; and the
parallel Rays A #, B will come together at F.

The Raysthat proceed from the radiant Point R
will concur at F.

Plate V1L, Fig.2.] If the Surface be turn’d fo
as to have its Concavity towards the rarer Me-
dium, the parallel Rays A » and B m will have
their imaginary Focusat £; butits Diftance from
the Surface B S, as alfo that of the above-men-
tion’d Foci F and f in the Figure 1. is lefs, than
if the Rays were direét.

E 2 All
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All the Points of & lucid Body are radiant Points,
and baveeach their particular Focus, which ferves
to explain the following Experiment, made to
confirm what has been faid of the oblique Rays.

Experiment 9. Plate VIIL Fig. 3.1 Take the
Trough P mention'din the firft Experiment, and
1 it with Water ; letthe Glafs V be all cover’d,
but a circular Part in the Middle of about halt
an Inch; have in the Trough a moveable white
Plane T. 1f the Candle A befet atthe Diftance
of 3 or 4 Foot from the Trough, let the Plane
T be mov’d backward and forward inthe Water,
and when it is come to the Diftance of the Foci
of the Flame A, that Flame will appear exactly
reprefented on that Plane, all the Foci forming
a PiGture. And this holds good, whether the
Rays from the Candle fall obliquely or direétly
upon the Glafs V, only that when the Rays arc
oblique (the Diftance of the Candle A remain-
ing the fame) the Diftance of the Plane T from
V mutft be leG. In this Cafe alfo the Candle and
the Glafs V will not be in the fame right Linc
as the Reprefentation of it, as it happens when
the Rays are dire&, by which the Propofitionof
IN°. 686. is confirm’d.

The Candle is reprefented inverted, becaule the
Rays, which procced from different Points, in-
terfect one another as they go thro’ V, as may
be plainly feen by looking at the firft Figure.
For which Reafon, if there are two Candles, as
A and B, the Reprefentation of the laft will be
at &, and that of the firft at 4.

6oo Al the Changes that happen in Light, which we

have taken Notice of i this Chapter, are /o
much the more [enfibley as the Surface feparating
the Mediums is more curve 3 that is, 2 Part of a

leffer Sphere.
CHAP,
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G APTTX.

Concerning the Motion qf Light thro’ a moye
denfe Medium. Where we ﬂm:ﬂ,’ take po-
tice (Jj the ‘Praj)ﬁrtia (y‘ Lenfes.

'HE Ufe of Glaffes is common, they are 6ot

more denfe than Air, and the Rays out of
Anr pafs thro” the Glafs into Air again. Accord-
ing to the feveral Surfaces that terminate the
Glas, Light undergoes different Changes as it
Mmoves in it 3 which to determine, the Glafles,
or any Mediums encompafls’d with a rarer Me-
dium, and terminated with different Surfaces,
muft be examin’d.  Jf we confider only plane and
[Pherical Surfuces, there are fix Sorts.

The Medium may be plane or flat on both
Sides. 2. Plane on the one Side and convex on
the other. 3. Convex on both Sides. 4. Plane
on one Side and concave on the other. 7. Con-
cave on both Sides. 6. Laftly, It may be ter-
minated with aconcave Surface onone Side, and
a convex one on the other.

DErriNnITION L

If the Glafs be made ufe of, and is not Very 6oz
thick, Glafles, whofe Figure ismention’d in the
laft five Cafes, are call'd Lenfes of Glafs.

In the fecond and third Cafe, a Lens is aid
to be convex ; and if we diftinguith thofe two
Cafes, in the fecond it is call'd planp-convex.
And fo in the fourth Cafe, it is faid to be plano-
Concave 5 tho both this Cafe, and the fifth, is
8cenerally referr’d to concave Lenfes. But g
concavo-convex Lens is referr’d to the concave
or convex Lenfes, according as the one or the
other Surface is predominant ; and that is faid

E 3 to
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to be predominant which is moft curve ; that
is, which is a Portion of a lefs Sphere.
Derinition IL

693  Imevery Lensy of Medium, terminated in any
Manner above deferibedy @ vight Limey which is
perpendicnlar to the two Surfaces, is call'd the
Axis. When both Surfaces are fpherical, the
Axes goes thro’ both their Centers; but if one
of them be plane, it falls perpendicularly upon
that, and goes thro the Center of the other.

694 In the Paflage of Light thro’ a Medium, ter-
minated by two plane Surfaces, the Direttion of

* 628 the Rays is not changed * 3 which is the Cale in
plane Glajfes. .

695 It is the Property of all Sorts of convex Lenfes,
that the Rays in their Paffage thro’ them are in=
fletted towards one anothers fo much the morey 4s

606 the Gonvexity is greater: And [o concave ones, that
the Rays are defletted from one anothery according
as the Concavity is greater. For the Direétion of

* 694 the Rays thro’ a plane Glafs is not changed; *
but, by inflefting one or both Surfaces, another
Direétion is given to the Rays: There are more
infleéted towards the Axisof the Lens, by reafon
of the Convexity of the Surface of the Glafs, and,
by making the Surface concave, they are deflefted
from the Axis 3 as is plainin every Cafe; by com-
paring the Infletion in the plane Surface that is
perpendicular to the Axis, with the Infletion in

the fpherical Surfaceat any Diftance from the Ax-
is. Andthe Difference of their Inflexions, that is,
the Change of the Direétion of the Rays, in-
creafes, as their Diftance from the Axes does ;
and it is to be obferv’d in every Direétion of the
Rays, as well in oblique Rays, as in direét: but
the Changes are greater in oblique Rays, becaule
the Angles of Incidence arc greater. From which

4697 we deduce the following Properties of Lenfes.
That
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That paraliel Rays, by Palling thro’ a convex 608
Lensy concur in a Focus.

That diverging Rays either diverge lefs, or TiR G oo
parallel, or lafily, converge 5 in which Cafz, the
radiant Point veceding, the Focus comes nearery and
f6 on the contrary : But thisis the Cafe, whenthe
radiant Point is farther diftant from the Lens
than the Focus of parallel Rays.

Laftly, That converging Rays converge morey —oq
when the Light emerges out of the Lews.

The fame Things are obfervable in obliqgue Rays; —o1
conceyning which it is-t0 be noted, that the Diftances
of the Foci of the emerging Rays, are lefs than i
the direét, and the other Changes more fenfible*. * 6g7

All thefe fame Things may be deduced from }
examining the double Refraétion inthe Entrance
and Emerfion of Light. And this double Refia-
Ction is vifible in every Cafe, by the following
Experiments; by which the aforefaid Properties
of convex Lenfes are confirm’d.

Plate VL. Fig.4.] Takefeveral Boxes like P, =52
with Water in them, and thro’ which Light is /
tran{mitted thro’ the Glaffes V and V, which
are placed in the oppofite Sides of the Box,
and are diftant from one another about one
Inch. Thele Glaffes arethin; in the Box which
reprefents a convex Lens, on each Side there is
placed one, like that of the firft Experiment of
the former Chapter, which are fo difpofed asto
have their Convexities without the Box. W hen
a plasno-convex Lens is to be reprefented, onone
Side there is a plane Glafs. A concavs-convex
Lens isreprefented by two {pherical Glaffes, that
are Portions of different Sphercs, and the Con-
vexity of the Portion of the greater Sphere, muft
be turn’d towards the Infide of the Box.

Whilft the Light paffes thro’ thefe Boxes, the
Changes of the Light are vifible to the Eye in

E 4 its
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its Entrance into, and Emerfion out of a denfer
Medium, and by the Affiftance of thefe, all
Things, relating to convex Lenlesy are clearly
demonitrable.

Experiment 1.} Ex.gr.Let P be one of the
fore-mentioned Boxes, with the {pherical Glafles
V, V, the Convexities being placed outwards;
let it be f1I'd with Water; in adark Room let a
cylindric Beam of the Sunbe horizontally refleéi-
ed from the Looking-Glafs S; let this Beam en-
ter the Box; the parallel Rays, of which it is
form’d, will be infle(ted towards one another,
and will converge ; at their Emerfion on the o-
ther Side, they will converge more, and concur
in F. Experiments may be made of the incident
Rays, which diverge or converge, by ufing the
Board with the convex Lens, as in the Experi-
ments of the former Chapter.

Every Point of a lucid Body, as was faid be-

* 688 fore, is a radiant Point, * and being placed at a

due Diftance from a convex Lens, every one has

* 608 its Focus., *

Experiment 2.] Let a lighted Candle be re-
moved from a convex Lens beyond the Focus of
parallel Rays ; av the oppofite Part of the Lens,
upon a white Plane, by the Foci of the Points
of the Flame, it will be reprefented 5 and this
Reprefentation will be inverted, by reafon of
the Interfeftion of the Rays in their Paffage
thro’ the Glafs.

Convex Lenfes ave alfo burning Glafles, becaule

4}23 they collect the Rays of * the Sun, wlnch, up-

on the Account of the immenfe Diftance of the
Sun, are efteem’d as parallel.  But Rays united
ina Focus, (by reafgn that the Fire, that was
before difperfed, is now colle¢ted, and by rea-

Y {on
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fc_m of the Motion of the Fire according to va-
Tious Directions,) do burn vchemently.

Experiment 3.] Take a convex Lens of any
Magnitade, ler it be fo expofed to the Rays of
the Sun, that the Axis of the Lens may be in
the Direétion of the Rays; if any combuitible
Body be placed in the Focus of the Sun’s Rays,
it will burn.

When, by reafon of the Magnitude of the
Lc"ns, the Rays are not exatly enough colleéted,
before they come to the Focus, they mutt be
tranfmitted thro’ another convex Lens that is
lff&', by which they willbereduced intoa fmaller

ampafs, fo as to burn more violently,

As for concave Lenfes, and their Properties,
they may be cafily deduced from * what has * €96
been faid.

Parallel Rays become diverging, by pafing thro’ 704
a concave Lens.

Diverging Rays diverge the more. 70§

Converging Rays cither converge the Iefs, or be- 506
come parallely or (as it happens in fuch as con-
verge lefs) go out from the Lens diverging.

All which Things happen to oblique as well 7o%
as dire€t Rays, but more {enfiblyin the firft. ¥ * 69y

Plate 1X. Fig.1.] Boxes, to reprefent the Ef- 708
feéts of concave Lenfes, are made in the fame
Manner asthofe that reprefent the Effe&s of con-
vex ones.* The Difference is only in the Pofi- * 702
tion of the Glaffes : In the firft Box the Conca-
vities of the two {pherical Glafles V, V, areout-
wards. In the fecond, inftead of one of thofe
Glaffes, you have a plane Glafs. In the third.
you have two {pherical Glaffes, but Sections of
different Spheres 5 the Setion of the greater
Sphere has its Convexity outwards, and the o~
ther its Convexity inwards,

E:«P&-
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Experiment 4.] Parallel Rays of the Sun, re-
lefted horizontally in a dark Chamber by the
Looking-Glafs S, muft be tranfmitted thro’ the
Box P, which is full of Water, and reprefents a
Lens concave on both Sides : As they go into
the Box they will begin to diverge, and as they
go out they will diverge more.

The remaining Experiments, relating to con-
cave Lenfes, are made in the fame Manner, as
has been faid, in refpeét of convex Lenfes.

CHAP X

OfV i_'/ioﬂ s where we fhall fpeak of the Muke
; of the Eye,

\HE Properties and Laws of the Refracti-

on of Light, that we have explain’d, are

ot wonderful Ufe in reprefenting Objeéts to our
Mind.

By thefe T.aws, the Objelts are beautifully
painted in their proper Colours in the Bottom
of the Eye ; and this Pi¢ture, as I fhall fay here-

* 216 after, ¥ 1s the Occafion of the Ideas which are
excited in our Minds concerning the Things
that we fee.

How this Picture is form’d in the Eye, can-
not be explain’d, without examininga new Pro-

perty of Light; namely, its Divifibility, which
is paft our Comprehenfion.

DEFINITION,

w00 A Body that is not lucid, and intercopts the

| Lighty is faid to be opaque.
; 1o Several among all the opaque Bodies, when
' 47" exaltly polifh’d (except petfectly black Bodies, if
2 there
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there are any fuch) have the Property of dividing
Light; forthey refleét the Light, [o that the Rays
from every Point, being ftruck back, aredivided,
and recede every #ay, lo that all the fingle Points
of the Body become as it were radiant Poinisy from
which Light goes every Way.
. Whence we deduce a Method of painting Ob- 711
jects upon a white Plane 5 for all the Points of
the enlighten’d Body, from which the Rays come
Upon a convex. Lens, have their Focus of the
other Side of the Lens.* The Foci of diftant * 699
Objeéts, tho not exadtly, are fenfibly at the
fame Diftance from the Lens ; thofe Obieéls
may by thefe Foci be reprefented in the fame
Place ; which Reprefentation is inverted, (by
reafon of the Interfection of the Rays as they go
thro’ the Glafs,) and fenfible in a dark Place, in
which Light comes in no Way but thro’ the
Lens, and only that Light by which the Objeéts
are reprefented. :

This will do wherever the Lens is placed, and
in Refpect of all the Points of Objetts, enligh-
ten’d by Rays of Light, from which right Lines
without Interruptionmay bedrawn to the Lens;
in this Manner the above-mention’d Divifibility
in Light may be proved, and the Aptne(s that
Bodies, that refleét Light, have to divide it.

Experiment 1. Plate1X. Fig.2.] Makean Hole
in a dark Place, over-againft feveral Objects that
are at leaft ¢o Foot off or farther. Let the Hole
be V, and let it have a convex Lens in it that
colleéts parallel Rays at the Diftance of about 4.
or y Feer ; if a white Plane be placed behind
the Lens a little farther from it than that Di-
ftance, all the Objects above-mention’d will be
painted upon it in very beautiful Colours. Iris
to be obferv’d, that the Lens muft be placed in

a Po-
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a Pofition parallel to the Plane ; and that by
moving the Lensor the Plane, the Diftance mutt
be found at which the Objeéts are reprefented
moft exactly.

This Reprefentation of Objeéts has great Af-
finity with that by which the Objects, that we
{ee, are reprefented in the Bottom of the Eye, as
will appear from the Make of the Eye.

The Figure of the Eye, whentaken out ofthe
Head, isnearly {pherical; only the Fore-part is
fomething more convex than the reft.

The Section of the Eye isreprefented Plare IX.
Fig. 3.

The Part A A, which is moft convex, istran-
fparent, and call’'d the Tanica Cornea.

The whole Covering of the Eye, except the
Cornea, is call’d the Selerotica, BA A B.

"That Part of the Sclerotica, which isnexttothe
Cornea, is call'd the Adnatay ot I hite of the Eye.

Behind the Cormes, on the Infide, is a Coat
call’d the Uvea, which has inits Middle an Hole
ppy call’d the Papil.

The Uvea is made up of concentric circular
Fibres, interfefted at right Angles by firait Fi-
bres. Ifthe firftare {well'd, the laftarerelax’d,
and the Pupil is lefflened or contralted 3 and a
contrary Motion of the Fibres increafes or wi-
dens it.

In the Middleof the Eye, but nearer the Fore-
part, there is'a tranfparent foft Body C C, like
a convex Lens, wholt Hind-part is more convex
than the Fore-part. It is call’d zhe Cryfialline
Humour. lts Axis coincides with the Axis of
the Eye, that goes thro’ the Centers of the Pu-
pil and the whole Eye.

This cryitalline Humour is fuftain’d by fmall
Fibres or Threads, which are fix’d to all the
Points of its Circumference, and likewile to the

3 Infide
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Infideof the Eye: They areinfleGted in the Form

of an Arc, and every onc of them is a Mufcle 3
they are call’d the Ligamenta Ciliaria, and two of
them are reprefented by 7 C, /C. They all co-
here to one another, and, together with the
Cryftalline, make a Separation in the Eye, and
divide it into two Cavities, one forwardsp 2,
and the other backwards S S.

The Cavity, that is forwards, is fill'd with a
Liquor like Water, call’d the Aqueons Humour.

The hind Cavity is fill'd with a tranfparent

lumour, nearly of the fame Denfity as the Aque-
ous Humour, but not fo flaid, call the Fitreons
Humous.

The hind Surface of the Eye within is lined
with a Coat call’d the Choroides, which is again
cover’d with a thin Membrane call’d the Rezzua.

At the back Part of the Bulbof the Eye, alit-
tle on one fide, is the Optic Nerve NN fojoin’d
to the Eye, that the Eye itfelf is, asit were, an
Expanfion of the Optic Nerve ; for the expanded
Coats of the Nerve form the Choroidesand Scle-
rotica, and the Fibres, which makeupthe Reti-
ha, concurring, malke the Marrow of the Nerve.

The Eye is moved in the Head by feveral
Mufcles inferted in the Sclerotica; but we {hall
not treat of them here: As we only confider the
Eye with refpeét to the Motion of Light, we
Purpofely forbear to take Notice of any Thing
elfe.

Rays that proceed from any Pointy and enter the
Eye theo’ the Pupil, go out of a rarerintoadenfer
Medium thio’ a {pherical Surface; and therefore
if that Point be at a due Diftance from the Eye, the
Rays after Refraction will converges * in the fame
Manner as in the Experiment of Ne. 663. (Plate
V1. Fig. 4.) in which the Glafs V reprefents the
tranfparent Cornea of the Eye, whillt the Water

in
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in the Trough isinftead of the aqueons Humour ;
and therefore, fuppofing only the Cornea and the
aqueons Humonr, there will be in the Eye an in-
verted Pifture of the Objetls. *

Experiment 2. PlateYX. Fig. 4.] Let P be the
Trough above-mention’d full of Water, and fct
in a dark Place, which has an Hole about half
an Inch wide, fo difpofed towards enlighten’d Ob-
jeéts at a cerrain Diftance, that onc may {ee them
thro’ the Hole; let the Glafs V of the Trough
be applied to this Hole, and upon the white
Plane T you will have an inverted Picture of the
Objeéts : By moving the Plane backwards and
forwards, you will find the Place where the Pi-
&ure is moft diftinct.

If the abovemention’d Picture, which we have
imirtated in this Experiment, was to be made in
the Eye, it would be at too great a Diftance
from the Cornea, and beyond the Bottom of the
Eye; and therefore this Diftance is diminifh’d

715 by Help of the Cryfalline Humour, which is den-

fer, but encompafs’d with rarer Mediums ; for
the Rays, converging in the aqueous Humour,
pals thro’ the cryfialline into the vitreous Hu-
mour ; that is, out of a rare Medium thro’ a
denfer, (which is terminated by two f{pherical
convex Surfaces) into a rare Medium again; by

* 700 which Motion the Rays converge {till more; *

716

and therefore they concur fooner, and the Piffure
above-mentioned falls within the Eye.

The Objetts which, as we haveexplain’d, are re-
prefented in the Bottom of the Eye, are painted upon
the Retina s and by the Motion of Light the fmall Fi-
bres, of which the Retina is made up, are agitated;
by which Agitation, theldeasofthe Objeéts, painted
in the Eyey areexcited in the Mind. The Connexi=
on between the Jdeas and the Motions by which
they
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they are excited, is unknown to us, * as we faid * 502
before : In derermining the Caufes of Senfations,

We can go no farther than the Agitation of the
Nerves.

The more exatt the Piclure above defiribed is, the =y
aore diffinét will the Objedls appear. When the 718
Rays, coming from the [ame Poiut, are not exattly
united ypon the Retina, its PiGure is not a Point,
but a Spor, which is confounded with the
PiGtures of the neighbouring Points; in which
Cale the Zifion is confufed.

But when, according to the different Diflance of 719
the radiant Puint, its Focus is broughtnearer, or’
removed farther offy ;¢ i nece/farythat there fhould * 665
be a Changeinibe Eye, left the Place, inwhich the
Pitture is exact, thould fall thort of, or beyond
the Retina, and fo e Fifion fbouldbe confufed.

But it is very difficult to determine wwhat this
Change is, and Philofophers are divided in their
Opinions about it: I fhal] only obferve in gene-
raly that it is not very probable thar the Figure of
the wwhole Eye is changedy in order ta put back or 79

bring forward the Reting; and therefore wemuft
exped to find this Change within the Eye.

For if the Figure of the Eye was changed, as
this Change muit be equally neceffary in all Ani-
mals, the Eyes of all Animals would undergo the
fame C hanges; forthe(ame nataral Efe&s cannot
have different Caufes. Now in the Whale the
Sclerotica is too hard tobe fubje& to any Altera-
tion of Figure. Be des, if there was fuch a
Change in the whole Eye, it would arife from
the external Preflure of the M ulcles, which
Would be different in different Pofitions of the
Eye, and only regular in one Sitdation of ir.

If now we examine the Eye within, it will
appear neceflary that there thould be g Change
w the Cryflalline; which by changing its Place |

or
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or Figure in the Eye, will produce the defired
Effetts for the Rays that fall upon the Retinay
before they are united, will be made to unite
juft upon the Retina, if the Cryftalline becomes

* 695 more convex, * or if (its Figure remaining the
fame) it be brought forwards towards the Cor=
nea.

“21 That the Pofition of the Cryftalline Humour is
eafily changed, and that it is brought nearer to, or
farther from the Retinay its Axis remaining the
fame, is plain, becaufe the ciliary Ligaments are
mufcalar : When thefe Mufcles are {well’d, and
become fhortery the Hollow which their Infle-
&ion makesat CZ, C/, becomes lefs; by which
means the vitreous Humour is comprefs’d, and
therefore it prefies upon the Cryftalline, and
puthes it forwards farther from the Retina ;
which is neceffary when we look at near Ob-

* 663 jebts.*

699 ~ From an Experiment, that we fhall hereafter

753 mention, it has been demonftrated, that there is

another Change in the Eye that aéls contrary
to this 3 and we fhall thew what is the Occa»
fion of it. 'The fecond Change is alfo to be re=

622 fer’d to the Cryftalline 5 which (when i is
drawn by the ciliary Ligaments, to make it re-
cede from the Bottom of the Eye) becomes aifo
flatiery and therefore it muft recede farther than
if its Figurewas anchangeable 5 thatis, the Change

_becomes more fenfible; which we fhall {hew to

* 730 be of Ule.*
Thefe Changes in the Eye have their Limits,
for which Reafon alfo Objests appear only diffinét

724 within certain Limitsy which are different Diflances

725 according tothe Difference of People’s Eyess andvery
often in the fame Man, bath Eyes bave not the [ame
Limitsy which is almoft of the fame Ufe, as.if
the Limits of both Eyes were more diftinct fromx

one
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One another: For oneinay fee an Objeét diftin&t-
ly enough with only one Eye. In forme Perfons
alfo the neareft Limit of one Eye is farther off
than the fartheft of the other : In which Cafe
Near Objects and diftant Objedts are feen di-

ftin&ly,” bur the intermediate oncs appear con-
fufed.

63

The PiGureiti the Bottom of the Eye, as has 726

been faid, * is inverted; whence a Queftion a- *

tifes, why we fee Objects erect ? To which we
anfwer by asking another Queftion ; Whether
It is more cafy to conceive the Connexion be-
tween an Idea in the Mind, and anereét Figare,
than an invertedone ? We confefs, that wehave
no Notion of that Connexion in either Cafe

ut Experience teaches us, that there is a Con-
nexion between an inverted Pifture in the Eye,
and the Idea of an ereft Object; and further

than this we do not know,

714

If we look at the fame Obje& with both Eyes, 727

it willappear fingle; but this happens only when
the Objet is painted in correfpondent Points
of each Retina; which prabably happens from
the meeting of the Optic Nerves. For it isob-
ferv’d in all Animals, which fee the fime Object
with both Eyes, that the Optic Nerves meet
and feparate again before they go to the Brain ;
but in Animals which fee different Objeéts with
cach Eye, the Optic Nerves go feparately from
the Eyes to the Brain.

Ouly one Point at a Time can be feen difiinetly, 728

namely, that which is reprefented in the Axis of

the Eye; if we look at one Point with both

Eyes, we muft o dire& the Eyes, that their

Axes continued thall meet in that Point; which

happens when we have our Eyes intent uponany
oint.

Vour. II, _ E By
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By this Dircétion of the Axes we judge of
the Diftance of Objetts 3 for the Sitnation of
the Eyes alter according as the Axes make a dif-
ferent Angle, which Angle depends upon the
Diftance of the Objelt: Whence it happens,
that without perceiving when we do.it, by Ufe
we get a Habit of judging of the "Piftance of

729 C Ybiccts bythe Direction of the Axes 5 whichisfen-
{ible to us, becaufe it depends upon the Motion
of the Eye, that we fecl. Therefore we may
{ee the Ufe of having two Eyes placed at a cer-
tain Diftance from one another 5 as long as this
Diftance of the Fyes bears a fenfible Proportion to
the Diflauce of the Objeftsy wecan judge of it preity
certainly.

w10 . We can alfo judse of lefler Diftances with one

-m/;m Eye alowe 3 becaufe in the Variation of a {mall
~23 Diftance, the Change in the Eye is fenfible. #

731 In great Diffances, if we look at known Ob-
jeltsy we judge from the apparent Magnitude and
the Colonr. : :

w32 . dtds impoffible to judge of wery great Diftanses,

" except the fame Objetls be feen from different Places.

The apparent Magnitude of an Objedt depends
upon the Bignefs of the Picture in the Bortom
of the Bye, which Picture dependsupon the dngle
under which an Objeét is [eeny that is, the Angle
which is form’d by Lines drawn from the Extre-
mities of the Objeét to the Eye.

234  This apparent Magnitude is to be diftinguifh’d
from the Magnitude which our Mind attyibutes 1o
the Objett that we fee, which laft is founded upon
the Judgment, whofe Foundation is not in the
Appearance alone. Every Body knows that the
Obje& appears the lefs according as it is more
diftant; whenceit happens, that, according tothe
greater Diftance of the Object, if itbe known, the

apparent Magnitude of the Objeét is increas’d

in

733
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in the Judgment that our N[i:?d makes of ity
which wedo withoutany Attentiontoit. Thare-
fore the fame Object at the {ame Diftance ap-
pears of a different Magnitude, if we judge dif-
ferently of the Diftance.

‘We have a remarkable Example of this in re-

67

{pect of the Sunand Moon; which appear greater 735

When near the Horizon, thanatagreater Height;
tho, as is known to Attronomers, the Piture of
the Sun in the Bottom of the Eye 15 the fame in
both Cafes, and that of the Moonis lef whenit
appears nearer the Horizon; we cannor judgeof
the Diftance in either Cafe, * but ic appears
greater near the Horizon, by reafon ofthe Inter-
Pofition of the Fields and Part of the Heavens.
If we fee the Bodies above-mention’d thro’ g
Tube, this apparent Diftance vanifhes, as alfo
the Magnitude which isdeduc’d from it. From
our Childhood upwards, and fo continually,
Wwe join the Idea of Diftance with the Increafe
of apparent Magnitude, (which is neceffary for
making a trae Judgment concerning the Magni=
tude) whereby the Ideas are fo clofely join'd,
that they cannot be {eparated, not even in thofe
Cafes, in which we know that they lead usinto

rror. Logicians teach us, how many Errors
are to be attributed to Ideas fo join’d.

———

CHAP XI

of Vifion thre Glaffés, and bow to correlt
Jfome Defeits of the Eyey.

N Object is vifible, becaufe all its Points

732

736

are as it were radiant Points; * therefore i

A Pojnt appearsin that Place from whence diverging
ays are emitted.

Fa ° If

714

715
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=37 If Rays infleéted any bow enter the Eye diverging,
the vifible Point will be in the imaginary Focus of the
Rays; for the Rays enter the Eye exattly in the
fame Manner that Rays would do that came di-
rectly from that Focus; and to have them unite
upon the Retina, the fame Situation of the Cry-
ftalline is requifite; fo that, in refpeét to a Spe-
&ator, it is no Matter whether thofe Rays, after
Refraftion, or thefe directly enter the Eye; and
.. there will be the fame Motion in the Eye, when
719 it fits itfelf for diftinét Vifions.*

730 p .
3 A Point appears themore enlightened, the greater
Number of Rays coming from it enter the Eye.
739 WhenQbjects are feen thra’ a plane Glafs termi-

natedwith parallel Surfaces, they appear to be nearer
than when [een with the naked Eye. Let A (Plate
X. Fig. 1.) be a vifible Point; the Rays, going
from it andentring the Eye, arebetween A 4 and
A b 3 thefe, being refraéted in the Glafs V' 'V,
 movealong & ¢, be, and go out thro’ ¢ d, ¢ d,
* 628 \hich are parallel to the Lines A, Ab: * now

becaufe b¢, be, arerefralted towards the Perpen-
* 624 dicular, * ¢d, ¢d, fallbetweensAand A ; that

is, they interfect at #, which is nearer than A

thercfore the imaginary Focus of the Rays which
, coter the Eye i3 at 4, in which the Point A ap-

737 pears to be.*

740 That Point allo appears to be more enlightened,
when feen thro’ the Glafs above-mentioned. Forall
the Rays between A and A & enter the Pupil
between 4 andd; but as the Lines Ab, A, are
parallel to the Lines ¢ d, ¢ d, and thefe are be-
tween thofe, A% and A% being continued would
fall beyond  and d; therefore if the Glafs was
takenaway, the Rays, which now enter the Pu-
pil, would take up a greater Space, and there-
fore would not all enter the Eye.

Plate
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Plare X. Fig.2.] The apparent Magnitude of an 741
Ob;o_‘i 5 j;;g_;-g;{f&d by the [ﬂfﬁi?ﬂﬁtiwz of a p!g;t;zg
Glafi; the Objett AE is feen by the naked Fye
under the Angle AJZE; but if you ufe the Glaf
V V, by reafon of the Refraction thro’ A 4 ¢ d
and E 4 ¢ 4, it will be feen under the Anglecde,
which is greater thanthe lalt, Bur yer the Objeét 742
15 uot greater in Proportion to theincreafed apparent
Moaguitude 3 * for it appears to be at a lels Di- * 73
ftance * * 739

The Iucreafe of apparent Maguitude is fo much 743
the grearer, as 1s the Difference of the Angles
A dE and ¢ d ¢ 5 whofe Difference incicafes as
the Interfections of the Lines A 4 with 4 ¢, and
E d with & , come nearer to the Pointsand é
which obtainsas the Objeét is broughtnearerto the
Glas ; and therefore it is the greateft of all,
when the Objeé& touches the Glafs 3 which
fhews that Objeds, even in the Glafs itfelf,
muft appear magnified.

And in general, the Eye being placed in a raver 744
Medium, the Object that is feen in adenfer Medium
appears biggery and is alfo broaght nearcr by the
Refradtion.* This is every Day conlirm’d by * 659
Experience, when we look at Objefts in the

ater.

Let there be a Point A feen thro’ a convex Leis b o
V'V, (Plate X. Fig. 3.) and the Rays A &, A &,
ated, ¢d, will goout more diverging, as if they
Came from a; * therefore that Point appears tobe * 699
%t a greater Diflance.® It appears alfo morve en=* 737
ffgbtemd 5 for the Rayscome nearertoeachother 746
as they gothro’ the Glafs, * and arealfo reduced * 695
1nto a lefs Space, whereforea greater Number of
them muft enter the Pupil.

. The apparent Magnitude of an Obje&t is alfo 747
Increafed ; that is, the Object feen thro’ @ conves
Glafs is feen under a great Angle, which ap-

F 3 pears
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pears from a Sight of the Figure ; the Object
A E, feen with the naked Eye, is feenunder the
Angle A d E, (Plate X. Fig 4. andy.) but now
it is feenunder the Angle ¢ d¢, which is greater;
(in Fiz.4.) the Rays A 4, E 4, which are con-
vergent, converge morie as they go out of the
» voo Liens; * or diverging (asin Fig. y.) they come
* 69 to the Eye converging® Therefore the Object
appears magnified, both from the Appearance of
# 245 it being farther, * and its Magnitude being in-
* w24 creas’d; * and thercfore the Maguitude, that we
=48 attribute to anObjecty does uot follow the [ame Pros
portion as theapparent Magnitude; for which Rea-
{fon we {hall not delay Time in Demonftrations
about it : But we fhall obferve in general,
v49  That the Angle, wnder which an Objelt is feen
thio’ a comvex Glafs, diminifbes as the Eye recedes
from the Glafs; whilft the Objec isnot more diftant
from the Glafs than the Point inwhich paraliel Rays
are colleGted : But if the Objett is farther offy the
apparent Magnitude is increafed as the Eyerecedes.
750  After the fame Manner, if the Eye be between
the Glafs and the Focus of parallel Raysy the Angle
abovemention’d is diminifbed as the Object is farther
removed ; the Eyebeing placed at a greater Diftance,
the [ame Angle is increafed as the Object is farther
removed ; in which laft Cafe the Objeét may be
{o far removed, as not to be vifible beyond the
# o4 Glafs, as will be faid anon. ¥
Alfo in thofe Cafes in which Objets are vi-
fible, they do not always appear dittinctly.
~g1 For, that a Point may appear diftinély it is ve-
“" quired that the Rays that proceed [vowm a Point foould
36 enier the Eye diverging, * an that the imaginary
* 727 Focus of thofe Rays, in refpeGt of the Speitator,
fhould be withip the Limits of diflinét Vifion. ™
If the Objclt be removed beyond the Focus
of parallel Rays, the Rays flowing froma Point
' of

>




Book III.  of Natural Philofophy. 7K

of the Objedt, enter the Eye converging ; * which * 699
Cafe is impoflible to the naked Eye : Inthisthe
Vifion is always confufed, and the Eye difpofes
itfelf (o as to have the Vifion the leail confufed
that may be 5 from this Difpofition we judge of
the Diftance, as we do in every Cafe in which
we judge of it with only one Eye.* Y30
But this Diftance does not always appear to 753
be the fame; whence may be deduced what js
faid of the Change of the Figure of the Cryftal-
line* Forif, {fuppofing the Cryftalline moveable, * 72z
its Figure be unchangeable, in every Situation
of the Objet and the Eye, in which the Rays,
€oming converging fiom a Point, enter the Eye,
there will be the leaft Confufion, if the Cryftal-
line comesback towards the Retina as far as may
bes fo that in every Cafe there would be the
fame Difpofition of the Eye, and the fame Judg-
ment concerning the Diftance; which, as has
been faid, is contrary to Experience : But if it
becomes flatter as it recedes from the Retina,
there will be Changes in the Eye, which agree
with the feveral Judgments made of the Di-
ftance in different Situations of the Objeé and
the Eye.
1f in the Iaf Cafe, in which Rays, coming froma 7¢y
oint convergey the Eyebe [o vemoved, thar the Rays
Znite before they come to the Eye, in all the Points
I which the Rays concur, there will be radiant
oints; which are the Foci of all the Points of
the Obje@, by which the Obje&t is reprefented :
1verted upon a white Plane; * and which are * 713
Vifible Pomts in refpeét of the Eye, to which s
the Rays can come after their Interfection.* In * 736
that Cafe 7he Object appears inverted, becaule we
don’t fee the Objeét itfelf, but its Reprefenta-
tion behind the Glafs, which we have faid to p

Oc¢ inverred . *
F 4 We
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75y We have faid that the Cafe is impoflible to

the naked Eye, in whichtheRays, coming from
a Point, enter the Eye converging ; and thercfore
fuch Vifion is always confufed, becaufethe Con-
{truétion of the Eye cannotadapritfelftoanimpof-
fible Cafe : Yet {ometimes, but rarely, even in
that Cafe, the Objectsare feendiitinétly 3 which,
as it is occafioned by fuch a Defeft of the Eye
as takes away all diftinét Vifion from the naked
Eye, I did not think proper to tuke Notice of
fuch Exceptions of the general Rule,

w56 - The Fanlt of the Eyes of a great many old Men

is, that they can {ce none butdiftant Objectsdi-
ftinétly, thofe that are near appearing confufed
to them ; which Defeét is correied by the Inter-
pofition of a convex Lens. TheRays, which flow
from 4 Point which is near, concur beyond the
Retina 5 paffing thro’ a convex Glals, they will
diverge lefs as they enter theEye, and {o concur
{fooner in the Eye 5 that is, come to the Eye as
if they flow’d from a remote Point, fuch as is
{een diftinctly by «n old Man.

757 . Thre' a concave Lens Qbjetls appear to be nearer,

lefs enlighten’d, and lefs.
Plate X. Fig.6.] The Rays Ab, Ab, and all
that are between, going thro’ a concave Lens

* 705 become more diverging, * and enter the Eye as
652 if they came from a Point 4, which is le(s diftant,*

737 where the Point A appears to be*

By making the Rays to diverge more, they
are carried farther afunder 5 and therefore fewer
of them enter the Eye, which diminifhes the

* 738 flumination of the Paint feen.*

PlateX. Fig.7.] The apparent Magnitude is
alfo diminifh’d, becaufe the Rays A 4, Eé&, by
which we fee the Extremities of the Objeét,

# 796 come to the Eye lefs converging, * and therefore
y g

the Angle ¢ d ¢, under which the Object is feen
beyond
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seyond the Lens, is lefs than the Angle A 4 E,
ander which it is feen by the naked Eye: There-
fore upon account of the Diminution, both of
the Diftanceand the Angle above-mention’d, the
Objeét appears diminifh’d * 734
A concave Lens is of Ufe tothofe who fee w0 Ob- 758
725 diftinétly, but fuch as are near; fucharecall’d
Myopes 5 thro’ this Lens remote Points appear
to be near, * and the Rays, which did concur * 757
cfore they came to the Retina, now enter the
ye more diverging, and meet upon the Retina.
Thereare Glaffes that have one Surface plane,
and the other Side is made of feveral plane Sur-
f'acc§ that make Angles one with another, (like
a Diamond) thro’ thefe the Rays that flow from
one Point fuffer different Refraftions 3 and by
every Surface are made to enter the Eye in adif-
ferent Direétion, as if they came from different
Points : That is, the fame Point forms feveral
imaginary Foci; and therefore appears multipli-
ed; for it is {een in feveral imaginary Foci * : * 737
which as it happens in refpe& of every Point of
the Obje&t, hro’ fuch a Lens, which is a Poly- 759
kedron (or multiplying Glafs) the Object appears
multiplied.

CHAP XIL
Of Microfcopes and Telefcopes.

E have fhewn of what Ufe Glafles, ter-
minated with fpherical Surfaces, are for
correcting the Defeéts of the Eyes of old Men
and of the Short-fighted *. How they ferve * 756
for difcovering the fmalleft Objeéts, and bringing 758
the moft diftant (as it were) to the very Eye, is
what we are now to confider, =
e
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‘We have faid that the convex Glafles magnify

* 747 the Obje&s*; which magnifying depends upon

the Retraétion of the Rays as they go thro® a

convex Lens ; whence it follows, that it is in-

crealed, if, in the fame Circumftances, the Re-

fraltion be increafed 3 which Effe@ may be pro-

duc’d, by augmenting the Convexity ofthe Lens;

which will be the more convex, as the Surfaces

that terminate it are Segments of a lefs Sphere;
which can only be had in very fmall Glaffes.

Derinition L
760  Such fmall Lenfes are call’d Microfeopes.
761 By a Micro[cope [finall Objeéts are vafily magni-
fied 3 by which means, Things, which wou'd
be invifible to the naked Eye, are very di-
ftinctly feen.

DeriniTrion I
=62  The Space feen thro the Microfcope, that is, the
Circle in which Objeéts are vifible thro’ the Micro/~
crope, is call'd the Field of the Microfcope.

Experiment 1. Plate 1X. Fig. ¢.] If we look
at thefmall Object A E thro’ the Microfcope V,

# 545 it will appear magnified at 4 ¢ ¥,

247 Thercarealfo compounded Microfcopes, made
up of two or three Lenfes ; what Foundationthey
depend upon,willbefufficiently fhewnby explain=
ing one of thofe which is made up of two Lenfes.

Plate XI. Fig.2.] Take a fmall Lens that is
very convex, asV V, and let the Object AE be
plac’d at fuch a Diftance from it, that all its

* n10 Points fhall have their Force beyond the Lens;

699 let the Objeét be brought fo near, that theFoci

» 6on May be remov’d to a e *, and you will there

' have the Reprefentation of the Objeét, very much

enlarg’d,

' 3
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enlarg’d, which will be fenfible if you receiveit
there upon a white Plane *. *o1p

Experiment 2. Plate X1. Fig.1.] The Lens a-
bovemention’d muft be made laft in the End of
a Tube at V; and the other End of the Tube,
which is wider, muftbe cover’d with a very thin
Paper CC; the Object A E muft be fo plac’d,
that the Foci of the Points of that Obieét thall
be juft at the Diftance of the Paper: Ifthenthe
Objeét be wellenlighten'd, you will have its Re-
Prefentation inverted, vifible thro® the Paper at
4e¢. By moving the Object, you will have the
true Pofition that bringsthe Reprefentation upon
the Paper to be diftinét.

Plate X1, Fig.2.] AllthePointsof the Repre-
fentation @ ¢ are radiant Points, and therefore
Vifible*; which, being feenthro’a large Micro- * 556
fcrope V'V, thews the large Reprefentation a ¢ 754
at ac*; thatis, the Rays coming from the Ob- * ;6;
leck A E, after the Refractions thro’ both the
Lenfes V'V, V'V, willenter the Eye, as ifthey
Came from an Obiject at ae.

Therefore thro’ fuch @ compounded Micvofzope 763
the Objeit appears inverted, and much moremagni-"
Jied thap thro’ a_fingle Microfcope.

DerinrTrown III, and IV.

I this Microfope the [inalleft Lens, which is
%ext to one Qbjetty is called the Objet-Glals, gnd
?be other the Eye Glafs.

This laft ought not to be too fmall; for the
ounts of the Reprefentation a4, thothey bera-
fant Points, do nor emit Light every Way;

only the Rays, which pafsthro’ the Obje&-Glafs,
lotefect one another in the feveral Points of the

Eprefentation# b5 which Reprefentation there-
ore will not be vifible, unlefs the Rays that go

thre’ the Object-Glafs do alfo go thio’ the Eye-
Glals.

764
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765 Glafs. Zhe Field thercfore (or the Space that

the Microfcope can take inj depewds upon the
Magnitude of this Lens.

The Eye alfo muft be fo plac’d, that all the
Rays that come to the Eye-Glafs, going thro’
it, thall come to the Eye ; which is done by
placing the Eye at 4, the Point in which all the
Rays, which come from the Center of the Objeti-
Glafs, and pafs thro’ the Eye-Glafs, ave colletted.

Objects appear bright enough thro’ Micro-
fcopes, becaufe they are very near the Glafs; and
fo the fame Number of Rays pafs thro’ a {mall
Lens aswou’d not pafsat a greater Diftance, un-
lefs thro’ a great Hole: ¥er often, where Objeéts
are the mofl magnified, they muft be enlighten'd by

67 Rays colletted thro aconvex Lens and thrown upow

them.
The Aftronomical Telefcope much refembles
the compound Microfcope.

DerinrTriown III.

7638 Inflrumentsy fitted to fee diftinét Objefts, are

calld Telefcopes.

769 That which we now treat of is call’d the

b

Affronomical Telefcope, becanfe it isnot fo fit for
{ecing Objectsupon Earth; for it reprefentsthem
inverted: But Aftronomers do not much re(%tmd
the Pofition of the Apipcamncc of the Object.
T his Telefcope confiftsof two convex Lenfes,
the one an Obje&-Glafs, which is plac’d next
to the Obje&, andtheotheran Eye-Glafs, plac’d
next to the Eye. By Help of the firft, diftant
Obje&s are teprefented at a certain Diftance be-
hind the Lens *, as near Objeéts arein the com-
pound Microfcope. If this Reprefentation be
obferv’d thro’ an Eye-Glafs, it will appear en-
larg’d and inverted, as we have faid concerning
the Microfeope,
: It

-

P
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It is plain alfo, that in this Cafe, as well a5 in 770
the Microfcope, the Field depends upon the Breadth
of the Eye-Glafs; asalfo, thatzhbe Place of the Eye 771
wf} be determined in the fame Manner for the Teie-
Jeope as for the Microféope * : For the Aftronomic » 766
Telefcope ditfers from the compounded Micro-
fcope only in this, thatin the Microfcope the

enfes are more convex, and therefore lefs pro-
per for looking at diftant Objeéts, efpecially in
refpect of Obje-Glaffes. Inthe Microfcope, the
Obje&-Glafs ismore convex thanthe Eye-Glafs;
but the contrary obtains in the Telefcope.

Telefcopes cannot be too long for obferving
the Stars: But, if they are above 20 Foot long,
they are of no Ufk for I{eing Objectsupon Earth ;
becaufe of the conftan: Trembling of the Air,
which is too fenfible in Glafles that magnify very
much.

A thort 4ftronomic Telefcope will [erve to fee Ob- 772
Jeéts upon Earth, by adding toit two conves Lenfes,
which are allo call'd Eye-Glaffes ; the three
Eye-Glaffes are alike, and lefs convex than in
the Aftronomic Telefcope, the Object-Glafsre-
maining the fame.

Plate X1. Fig.3.] Take an Obie&-Glafs V'V, 773
Which reprefents a diftant Obje& at ¢4 5 then
take befides three Eye-Glaffes DD, D D,DD;
the firft muft befoplac’d, thatthe Rays, coming
from the Point of the Reprefentation ¢ ay fhall
become parallel when they have pals’d the Lens*; * 695
in that Cafe the Rays, which come from the mid-
dle Point of the Object-Glafs, will be collegted
at G; the Second Lens muft be fo plac’d, that
thefe Rays whichare colleéted at G (where they
interfeét one another, and move as if they came
from that Point) may go out parallel afrer they
have pafs’d thro’ it #; which being perform’d, * 669
the Rays coming from the Obje&-Glfs ro c&

an
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and there interfeéting and forming that Point of
the Reprefentation of the Object, being refracted
thro’ the firft Lens, pafs by G paralicl to one
another; thro’the Second Lens they are refraéted

* 698 in the Direion D e, and colle&ted at e *, fo as

71

-

to make it the Point of a new Reprefentation.
In the fame Manner the Point of a new Repre<
{entation correfponds to the Point aof the fecond
Reprefentation; whichbeing alfo true concern-
ing the intermediate Points, there will be found
an erect Reprefentation of the Objett at ae.

Experiment 3. Plate X1. Fig. 4.] Let three lit
tle Boards Dy D, D, with Eye-Glaffes in them,
that collect parallel Rays at the Diftance of about
s Inches be moveable upon a Plane betweentwo
Rulers, in fuch Manner that the three Glafies
may be in the fame Line as the Hole V, thro’
which alone the Light enters into the Room,
and in which there is an Object-Glafs, which is
fix’d in a thort Tube, in order toexclude all the
fide Light.

This Object Lens is fuch as is able, at the
Diftance of 3 Fect from V, to reprefent diftant
Objects inverted at F 3 which Reprefentation
will be vifible, if you let the Rays fall upon a
white Plane inthat Place*. Five Inches farther
from F, you muft place the firft Eye-Glafs, and
10 Inches from that, youmuflplacethe Second;
at f; which is five Inches from it, you will have
an ereCt Reprefenration of the fame Objeéts,
which will alfo be vifible, if receiv’d upon a
white Plane.

Plare X1, Fig.3.] If the Reprefentationaebe

774 feen thro’ a third Eye-Glafs, fuppofing the Eye

at oy in which the parallel Rays 2 D and a E
are collected, r%e Qbjett appears magnified, brought
weary and eret; for it is feen under the Angle
Do D,
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DoD, when with the naked Eye it wou’d appeat
under avery fmall Angle; itwill alfo appear near,
becaufe, tho it be feen beyond a e, yer the Di-
ance, at which it appears, has no fenfible Re-
lation to the Diftance of 2 very diftant Objeét,
Experiment 4. Plate X1. Fig, 4.] Suppofing e~
very Thing as in the foregoing Experiment; let
there be a third Eye-Glals plac’d 1o Inches from
the Second, and s Inches from that alirtle Board,
or Eye-Stop, with an Hole O ; if the Eye be
Plac’d at O, the Object, as has been faid,” will
Appear erect, magnified, and near. If the Board
Obe difplac’d, that is, be brought nearer or re-
mov’d farther off, the Field of the Telelcope is

iminifh’d ; becaufe there is but one Situation of

the Eye, in which all the Rays which pafsthro’
the Eye-Glafles can come to the Eye.

We are to take notice, that the Eye-Glaffes,
made Ufe of herey are not convex enough inre-
fpect of the Objedt Glaf V 5 but they are bett
for making the 34 Experiment.

All the Points of the Qbjest do alfo appear piore
enlighten’d : For the Rays which, coming from
any Point of the feveral Points of the Object Glafs,

0 interfeét one another in a Point of the Repre-
fentation, by reafon of the fmall Diftance of the
ye-Glafs from that Reprefentation, are butlit-
tle difpers’d before they come to the Eye; fo
that they all go into it.. And therefore the Illa-
Mination, given by the Telelcope, is to that
Which is given by the naked Eye, as the Surface
of the Object Giafs, thro’ which the Rays pafs,
to the Surface of the Pupil. *
One may alfo with two Lenfes make Telefcopes,

Which fhall fhew Objetts erelty enlighten'd, and mag-
%ified.” Thefe muft be thorter 5 for if they be
3bove one Foot long, they become almoft ufelefs,

becaule
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becaufe their Field will befo fmally that is, they
will take in fo little of an Object.
Plate XI. Fig. 7.] Let V'V be an Obje&=
, Glafs, the inverted Reprefentation of a difiant
F 711 Objeét will be at e a*: The Rays are fo inter-
cepted by the concave Lens D D, that fuch of
them, as come from the Center of the Lens V'V,
are inflefted as if they proceeded from the Point
7% f*; by the fame Refraction in the Rays which
796" Concurr'd at 4y becomediverging *; having their
imaginary Focus at a 3 which alfo happens in
refpect to all the Points of the Reprefentation
e @, and, inftead of it, you have an imaginary
Reprefentation which is ereét at ae; that is,
the Rays enter the Eye as if they came from the
Object plac’d at ae.
777  The Rays, inall refpeéts, go out diverging
from the Eye-Glafs ; and therefore the Eye muft
o be brought as near as poffible to the Eye-Glafs.
77%  In this Telefcope, the Field depends upon the Big-
nefsof the Objett Glafs ; for the Rays, which from
a Point come obliquely to the Center of this Lens,
very often do not enter the Eye ;3 whilft other
Rays from the fame Point, which pafs thro’ the
Lens near its Circumference, do coms to the
Eye.

*
*

CH AP XIIL
Of the Rcﬂexim of Light.

W E havethewnthat Lightis reflefted from
opaque Bodies, and thar every Point
* 710 refle€ts it every Way *.  The Occafion of this
is the Inequality of the Surfaces, which are
made up of an innumerable Quanrity of fmall
Planes, which, inallfenfible Points, are directed
every
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every Way 3 which will be eafily conceiv’d, if
Wwe imagine a Surface cover’d with an innume-
rable Quantity of fmall Hemifpheres. That
this is true, we deduce from the Reflexion of
Light from a polifh’d Surface ; that is, from a
Surface whofe Inequalities are taken off; which 779
m all its Points refleéts the Light only one Way,
which holds in Curve as well as in plane Sur~
faces : Nay, from Surfaces that are not at all
polifh’d, the Light is moftly reflected that Way,
and it would be all reflefted if they were po~
lifh’d, as daily Experience thews.

Plaze XI1. Fig. 2] Let A C be a Ray of
Light coming obliquely upon a plane Surface ;
let'C O be perpendicular to this Surface, and
the Rays be reflected along CB.

DeriNniTIioN L

The Ray CB is call’d the zefletted Ray. 786

DeriNiTiON IL
P The Angle O CB is call’d the Angle of Re- 585
exion.
The refletted Ray, together with the incident 78,
ay, in the [ame Plane which is perpendicular to
the refleting Plane.
. For the Astion of this Plane, bywhichthe Light 283
S reflefled, is direéled perpendicularly to a Plane,
Which is fuppofed like in all Points. -
The Angle of Reflexion-is equal to the Angle of 784
Acidence.

Experiment 1. Plate X11. Fig.1.] Takeaplane
L‘?Oking-gla['s S, which may be fet in any Po-
fition by Means of a Ball and Socket join'd to
the Foor that fuftains it 5 thro’ a Hole, in the

late of Metal L, that is in the Window, let in
aSun Beam of aboura Quarter of an Inch Diame-

Vou,II. G ter
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ter into the Room; the Glals muft be fo difpo-
fed that the Beam may come thro’ an oblique
cylindric Cavity (of the fame Bignefs as the
Beam) made in a little upright Board T: If
you turn this Board Side for Side, the refleéted
- Ray will go thro’ the fame Cavity. Thisholds
good, whatever the Inclination of the Cavity
be, as may be demonftrated by ufing different
Boards.
By which Experiment N°, 779. is prov’d, as
well as Ne. 784.

-85  Plate XIL. Fig. 2.| If the refleéted Ray becomes

* 7 the incident Ray 3 that is, if the Light comes
along the Line B C, it will return in the Line
CA, thatis, the firft zhat was the incident Ray
avill become the vefleted Ray; as appears fromthe
Equality of the Angles BCO, O CA.

From this Equality of the Angles of Inci-
dence and Reflexion, we farther deduce, that
~86 the Light, after it bas fallen upon a Body, recedes

g from it with the (ame Force that it came upon it.
Let the Motion along A C be refolv’d into two

# 192 Motions along A O and OC %, fuppofing AO
parallel to the refleéting Plane, and O C perpen-

i dicular to it. Let AO becontinued; the Mo-

I tion in that Dire@ion is not alter’d from the
A&ion of the Plane : Therefore let A O and
OB be equal 5 if the Light recedes from the
Plane with the fame Force, with which itcame
upon it, the Motion occafion’d by the Repul-
fion is reprefented by C O, and in that Cafe

* 190 the reflefted Ray goes thro’ B*; that is, the
Angle O CB is equal to the Angle O C A,
which agrees with the Experiment.

787  As to the Reflexion of Light, it is to be ob-
ferv’d, that Light doesnot run againft the folid Part
of Bodies, whenit is veflefted by them s but thatitis
refletted in thofe Placesy where it con'd very freely

' pafs.
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2afi. 1 fhall prove this by {everal Experiments,
by which many other wonderful Properties of
Reflexion are difcover’d.

It is a common Experiment obferv’d by every 788
Body, that when Light is mov’d thro® any Me-
dium, as for Example, Glafs; Water or Air,
it does not undergo a fenfible and regular Refle-
Xion ; but that it is refle¢ted there; where two
Mediums of different Denfity are feparated ; fo
it is reflected in the Surface of Water or Glafs.

Cou'd Light in fuch Quantity ftrike againft
the Particles, jult where the Mediums are fepa-
rated, whereas it moves thro’ both the Mediums
for a great Space without ftriking againft any
fuch Particles; Are there more of thofe Particles
near the Surface thanelfewhere? Lightalloismore 789
abundantly refleited in a denfer Medium, when it
comes againfl the Surface of a raver 3 than when oy
the contrary, moving in a raver Medium, it firikes
againft the Surface of a denfer.

Experiment 2. Plate XII. Fig. 3.7 In a dark
Place in which the Light enters thro’ an Hole
in the Plane L, let there be placed a triangular
Prifin of Glafs A B 5 let the Light enter the
Prifin thro’ one Side ; if it comes to the next
Side making an Angle of Incidence greater than
40 Degrecs, it is wholly reflefted, and does not
at all penctrate into the Air; but Light mioving
n Air is never wholly refleéted by the Glafs.

But if the Reflexion be made by the firiking
of Light againft the folid Parts of Bodies, there
muft be more fuch Parts in Air than in Glas 3
for if Light was refle@ted from the Glafs itfelf
nto the Air, the Light would never come to
the Separation of the Mediums 3 that the Light
€an allo go out of Glafs in the vety Placess
Where it is refleéted, is prov’d by following Ex-

G2 petituents
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periments, Therefore in the Neighbourhood of
the Glafs there muft be fo many Parts in the
Air, that there may be no Way for the Paflage
of the Light, to caufe it to be wholly refleéted
into the Glafs; but it is plain that there are no
fuch Parts, becaufe Light comes thro’ the Air
in all Direftions quite to the Glafs. Even in
the fame Place of the Surface which {eparates
the Glafs and Air, the Light which comes from
one Side is refleted, whilft that which comes
from theother Sideistranfmitted. Which clear-
ly proves that the Ligh is refletted in the very
Place where it can go thro’.

790  Experiment 3. Plate X11.Fig.3.] Every Thing

being as in the former Experiment, if the Ob-
liquity of the Light be chang’d, Part of it will
afs thro’ into the Air.

W ho wou’d conceive that Light, which pafies
from Glafs into Air, and does not run againft
the folid Parts, fthowd all of it (by a lictle in-
creafing the Obliquity) run againit thofe Parts
when in each Medium, as has been already faid,
there are Pores and Paffages in all Directions?

791 Expeviment 4. Plate X11. Fig.3.] Take a Glafs

triangular Prifm AB, moveable about its AXis 3
which is made fo by fixing brafs Plates to its
Ends, with brafs Wires perpendicularly fix’d ro
them : The Prifm muft be fo laid upon the
“Trough P, as that the faid Wires may bear up-
on the Brims of it, which are made a little hol-
low to receive them, yet fo as to'let them tura,
that the Prifm may move freely about its Axis:
Let it be fo plac’d as to refleét the Light in the
fame Manner, as inthe fecond Experiment. Let
the Trough be filld with Water up to the
Prifm; then the Light, which, ftriking agait;lﬂt

the
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the Air, was wholly reflefted, now running a-
gainft the Water, does partly enter into it, and
1s only reflefted in part.

Which Experiment does not at all agree with
a Reflexion made by a Stroke upon the folid
Pargs. :

In the third Part of this Book we fhall alfo
fhew, that thin Plates, which refleét Light, will
tranfmit it, if they become thicker *. * 894

The fourth Experiment alfo proves that the 792
veflecting Power is [omuch greater,asthe Mediums,
which are feparated by a refleiiing Surface, differ
more in Denfity; for Glafs and Air differ more in
Denfity than GlaG and Water.

In this Experiment we alfo fee that Refleition 793
is made by the fame Power by which the Rays are
refratted, which produces diffevent Effets in diffe-
vent Circum/ffances.

A Ray, which goes out of a denfer into a
rarer Medium, by the Attrattion of the former,
is made to recede from the Perpendicular * 5 if
the Obliquity of the incident Ray be increas’d,
the Obliquity of the refraéted Ray will alfo in-
creafe, till it comes at laft to move in the very
Surface which parts the Mediums. And this
obtains, when the Sine of the Angle of Inci-
dence is to the whole Sine, as the Sine of Inci-
dence, in the denfer Medium, is to the Sine of
Refrattion in the rarer 3 for in that Cafe the
Angle of Reftattion is a right one. If the Ob-
liquity of the incident Ray be more increas'd,
1tis plain that the Ray cannot penetrate into
the rarer Medium : This is the Cafe in which
the Light is wholly refleéted ; which Reflexion
depends upon that Attrattion by which the Rays
are refraCted. Forwhen the Ray is mov’d thro’
the Space of Attraftion, it is bent towards the
denfey Medium # 5 if it be in the denfer Medi- * 618

G 3 S um,
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um, and fo bent, that, before it has gone thro’
the whole Space of Attradtion, the Tangent to
the Curve be paralle] to the Surface that fepa-
rates the Mediums, the Curve, being continued,
turns back agan 3 and therefore the Ray is re-
flected by the Attraétion of the denfer Medium,
and this Continuatien of the Curve is fimilar
and equal to the firft Part, and makes the An-
gle of Reflexion equal to the Angle of Inci-
dence ; becaufe the Light returns thro’ the (ame
Part of the Sphere of Attradtion; and the fame
artracting Force actsupon the Lightin correfpon-
dent Points of the two Partsof the Curve. Thus
a Projectile, in its Afcent and Defcent, defcribes
fimilar Curves.

Yert that ail Reflexion does not depend upon that

794 Atiraétion, in the fame Manner, isevident; for in

that Cafe, inwhichthe Refraétion is made, Part
of the Light is reflefted ; for the Light doesnot
wholly penetrate out of the rarer into a denfer
Medium 3 for even in that Cafe, in which the
Attradtion is the moft oppos’d to the Reflexion
that is poffible, yet fome Rays are refleCted.
Yet it cannot be doubted but that, i every

795 Cafey Reflexionbas Relation sotherefratting Power.

796
617 not veflected® 5 but where the Refrattion is greatefly
* 3y, there the Reflession isalfo firongeft * ; which is true,

-

Where Light paffes without Refrattion, thereit is

not only when Light, moving in a denfer Medi-
um, firikes againft a rarer, as in the fourth Ex-
periment; but the fame Thing is obferv’d, when
Light firikes againft the denfer Medium: Thus
fuppofing the Light to move in Air, the Surface
of Glafs reflects more ftrongly than that of Wa-
ter 5 and that of a Diamond yet more ftrongly.
If Glafs and a Diamond be immers'd in Wa-
ter; the refracting Power is lefs in the Separa-
tion of thofe Bodies with Water, than where
thole
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thofe Bodies touch the Air®*. Thele Bodies alfo * 631
refleét Light lefs ftrongly in Water than in
Air. FromthisRelation of therefletting and re-
frating Powers, we deduce, that Light is driven 797
back at a certain Diflance from the Bodiesy in the
fame Manner that the refraéting Power does allo

a& at fome Diftance from the Body: This Pro-
pofition is confirm’d from what has beendemon-
ftrated concerning Reflexion, which does not
depend upon a Stroke made againft the folid
Parts of Bodies ; and this is fully made out, if

we confider, #hat polif’d Bodies reflet the Light 798
vegularly (which we obferve in Looking—Glaﬂ'cs)

tho there be a great many Scratobesintheir Surfaces :
For as they are polith’d with the Powder of
Emery and Paurty, tho their Parts are very fmall,

yet they leave very great Scratches on the Sur-
facein Refpeét of the Particlesof Light ; whence

in the Surface itfelf the Reflexion muit needs be
irregular ; but if we conccive the Reflexion to

be made at fome Diftance from the Surface, the
Irregularities are diminifh’d, and almoft wholly
taken off, as is eafily underftood by any onethat
confiders it with Attention. .

CH AP XIWV
Of Plane Mirrors.
Piate X1I. Fig. 4.] ET 4 ¢ be the Surface

of a Plane Mirror of-gq

Looking-Glafs; Aa radiant Point. Le#the Plane
of the Glafs be continued, and from the Radiant A
let ¢ Perpendicular A C fall upon it 5 if #his Line be
contintied, and C a be made equal 10 G Ay awill be
the imaginary Focus of thereflefled Rays that proceed
from A. Let Ab be the incident Ray; &f there-
flefted Ray; which continue beyond the Glafs;

‘ G - becaule
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the Angles of Incidence and Reflexion are equal
*784 to oneanother¥, their Complements alfo, which
are the Angles A4 C, f4 d are equal; to this is
cqual its oppofite and vertical# 5 C: The Trian-
glesA 5C, a5 C, which are rectangular, have the
Side C4 common, and the Angles Cba, CLA,
equal; thereforetheyagreeinall Refpeéts, and C
A and Cg are equal to oneanother: W hich De-
monftration may be applicd to all other Rays
which flow from A, inwhatever Plane, perpen-
dicular to the Glafs, they be conceiv’d to be.
Therefore whercver the Eye is, if the refleéted
Rays come to it, they will enter the Eye as if
they came from 23 and the Point A will appear
in that Place * ; but zhe dppearance of that Point
* 737 will bave the fame Pofitionin Refpeét of the Mirror,
800 behind it, as 4 radiant Point has before it.
If this be applied to all the Pointsof the Ob-
8or je&t, it will appear, that #he Object will appear
bebind the Glafs in the fame Pofition that it has
before the Glafs.

CHAP XV
Of Spherical Mirrors.

EVERY {pherical Surface may be confi-
8o2 der’d; as made of innumerable fmall
Planes 5 and a Plane, which touches the Sphere
in any Point, is as it were a Continuation of fuch
a {mall Plane.
803  Spherical Mirrors are either Comcave or Con-
vex,
The firlt are made of Part of an hollow
Sphere polith'd.
‘The fecond are Parts of Spheres polifh’d on
the Outfide, - !
A
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A Ray coming wpon any [pherical Mirror,together 804,
With its refleéted Rayy i5 10 @ Plane, whichy being
Continycd, goes thro’ the Center of the Sphere *, for * 782
fuch a Plane is perpendicular to the Surface of
the Sphere. A Line which is drawn thro’ the 8o4.
Center of the Sphere and Point of Incidence, being

_ continued makes equal Angles avith the incident and

reflefted Rays * 5 for that Line is perpendicularto * 784
the Surface, and thofe Anglesare Angles of Inci-
dence and Reflexion: Thereforethe Raythar goes §o6
thra' the Center, or which, being continueds won'd

20 thro' the Center, whenrefledied returns uponitjelf.

Plate XI11. Fig.s.] Let ¢ be a Portion ofthe

convex Mirrors A aradiant Point; let Ad, A d,

A ¢, be incident Rays ; the refleéted Rays will

be bf, dg, ch 3 if from the radiant Point By & 8oz
Tangent be drawn tothe Mirror, thereflefted Ray
will be a Continuation of the incident, or ra-
ther the Reflexion of the Rays verminated in the
Point of Contail.

If b fy dg, chy the Rays that are reflected from 808
the convex Mirror, be continuedy with alltheinter-
mediate ones, by their Interfeétions they will
form the Curve 2, which all thefe Rays touch,
and the neighbouring Rays interfedt in the Peri-
phery of the Carve ; fo that they always enter
the Eye asif they came from a Point of the Peri-
phery; in whichtherefore zhe Point A dyes always
appear *, as long asthe refleCted Rays can cometo * 535
the Eye, and the Eye is mov’d in a Plane which
goes thro’ the Center of the Sphere ; but when
the Eye is mov’d out of that Plane the radiant
appears in another Curve, becaule there arcfuch
Curves in every Plane, which may be conceiv’d
to pafs thro” A and C.

Since all thefe Curves, and each of them 829
wholly are bebind the Glafs, all the Objetis alfo
apear behind the Surface of the Glafs. £

3 e
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810 The Objects likewife appear evef. For if the
Point A be mov’d aboutthe Mitror, the whole
Curve 2 4 is carried with the fame Motion ;
which proves (in Refpe to the ere& inverfe
Situation) that the Points of the Reprefenta-
tion have the fame Relation to each other, as
the Points of the Objeét itfelf.

As the Point A is farther remov’d from the
Glafs, the whole Curve does alfo recede by a
contrary Motion ; but fuppofing A at an infinite
Diftance, that Point of the Curve, whichis the
fartheft remov’d from the Surface, will bediftant
from a Quarter of the Diameter 3 whence it

811 follows, that the Objects appear diminifly’d, becaufe
all the Reprefentations are compris’d in fmall
Limits. ‘

812 If the Eye be mov'dy the Appearance of the Qb-
Jeét is alfo mov'd, and its Figure chang'd : For all
the Points are mov'd in their own Curves, and
that unequally, according to the different Situa-
tion of the Eye in Refpeét of each Curve ;
whence of Neceflity the Figure muft be chang’d.

Experiment 1! Plate X11. Fig. 6.] 1f any one
fees his Face in a fpherical convex Mirror,
ftanding at A, he will fee his Face at & creét,
diminifh’d and unlike; by the Motion of the
Eye one may obferve the other Things men-
tion'd in Refpect to fix’d Objeéts.

Let b d (Plare X111 Fig.1.] be a concave Miy-
#ory and a Portion of a Sphere wholfe Center is
C; let parallel Rays falluponthe Surface of the Mir-
#or, one of which, Cd, is fupposd to pafsthro’
the Center; this Ray by Reflexion returns upon
* 806 itfelf*, and the Raysnextroit, being refleéted, be-~

come converging, and concur with it in the Focus
Eywhich is the middle Point between Zand C. Let

Ab be a Ray very little diftant from Cd; draw
3 the

813
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the Semidiameter C & 3 the Angle of Incidence

will be A5C, to which the Angle of Reflexion

C 4 F* is equal, as alfo the alternatc Angle * 805
& CF; therefore # FC is an Ifofceles Triangle,

and the Sides F C and F 4 are equal 5 becaufe

b d is very(mall, Fd and F % do not fenfibly dif-

fer; therefore F Cand F 4 are equal 3 which
Demonttration will ferve for all the Rays that

are bur very little diftant from C d.

If parallel Rays are farther diftant from C d,
they do not meet at F' ;5 yet they will all come
together into a little Circle, if the Diameter of
the Mirror does not excced the fifth or fixth
Part of the Diameter of the Sphere of which it
13 a Portion.

_ Burning Mirrors are made upon this Founda- 814
tion, which colleét the Sun’s parallel Rays into
a Focus.

Esxperiment 2. Plate X1IL. Fig. 2.] Let there
be a concave Mirror S, made of Metal, or of
Glafs quickfilver’d behind 5 let it flanduponthe
wooden Foot P, whofe upper Part is boi’d lo
as to receive a Cylinder of Wood made faft to a
tranfverfe Picce A A, which ferves for turning
the Glafs round with a horizontal Motion 5 and
the Mirror itfelf muft move upon two Ends of
an Axis between the Pillars A B, A B, fo as to

e inclin’d in any Angle, and the Screws B, B,
will make it faft in any Pofition.

Having expog’d the Burning-Glafs tothe Sun-
Beams in fiuch a Manner, that the Ray, which
Comes upon the Middle of the Glafs, 1s perpen-
dicular to its Surface ; fince all the others are
Parallel to it, they are colleéted in a Focus, at
2 Quarter of a Diameter’s Diftance from the
Glafs, and there burn violently.

If
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If the Diameter of the Surface of the Mirror
(as it is in mine) be of about 1y Inches, and
the Focus is 18 Inches diftant from it, Wood
will immediately be in a Flame, and thin Plates
of Lead prefently melr. _

If we confider the Rays that are at fome Di-
ftance from C 4, and parallel to it, thofe of
them that are nearcft one another being refle-
€ted, will interfect before they come to C4, and

81¢ in that Cale, that is, where parallel incident Rays
fall obliquely on the Glafs, being alittle difpers'd by
Reflexiony they arve collefled in a Point.

816 If the Focusy inwhich parallel Rays are collefled
by & concave Mirrory becomes theradiant Point, the
Rays, which are but little difperfed, are refle-

* 813 Cted parallel to one another *.

785 From thefe Properties of a concave Mirror

©17 we deduce the Method of reprefenting Objeéts
in a dark Place, much like what was before

. Thewn in Refpect of a Convex Lens*.

At Plate X111 Fig.3.] Let there be an Hole F
thro’ the Wall; let a b be a concave Mirror, {0
plac’d as to collet the parallel Rays that are
perpendicular tothe WallatF': The Rays, com-

*816ing from F in that Dirc&ion, are refleéted *
and fuch are the Rays, which, being refleéted
from the external Objeés, interfeét one another
at F.

Let A F be Rays coming from a Point of a
diftant Objeét ; thefe Rays are by the Mirror
reflected perpendicularly to the Wall ; and be-
caufe Rays coming from a diftant Point, and
pafling thro’ a {mall Hole, may be looked upon
as parallel, thefe Rays will, after Reflexion, be

» o, Collected 1nto one Point at 4, at the Diftance of

815 the Wall#, that is in its Surface; where there-
fore the Point will be reprefented. In the fame
Manner the Rays which come from a P;—:inf

thro
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thio’ B F, are collefted at 4 ; which, as it is
rue with Regard to all the Points of an Ob-
Je€t, will give the Reprefentation of it upon the
Wall; and if the Wall be white, and the Ob-
Jeét enlighten’d by the Rays of the Sun, the
PiGurc will appear in very lively Colours.

Experiment 3. Plate X111, Fig. 4.] In adark
Place cover the Backfide of the Window-fhut
with white Paper, an Hole being made in the
Middle of it little more than half an Inch Diame-
ter, {o as to anfwer to an Hole behind it in the
Window-thut, over-againft which, ata Diftance
no lefs than of yo Foot, there are feveral Ob-
jects enlighten’d by the Sun: Let a concave
Mirror whofe Surface is 1y Inches wide, and
which colleéts parallel Rays at the Diftance of
18 Inches, be placed at that Diftance from the
Window, in fuch Manner, that a Linc paffing
thro’ the Center of the Hole, andthe Centerof
the Surface of the Mirror, be perpendicular to
the Plane of the Paper and the Surface of the
Glafs. Then the Objetts will be reprefented
upon the Paper in a Circle concentric with the
Hole, and whofe Diameter is equal to the Dia-
meter of the Mirror.  You muft join to the
Hole, on the Outfide of the Room, an hollow,
truncated Cone, to exclude the Light which does
not come from the Objefls to be reprefented.

Let be (Plate X111 Fig. 5.) be aconcave Mir- §;8
#or; C the Center of its Concavity; A 4 radi-
ant Point farther diffant than C ihe Center of the
Glafs; Ab, Ad, Aeincident Rays, wholerefle-

ed ones b f, dg, eh, with their intermediate
ones by their mutual Interfettions formthe Curve aa,
which they touch 3 therefore the Point A appears

in that Curve*®3; and if the Eye be mov’d in the * 808
Plane of the Curve, the Appearance will change
- Place
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Place in that Curve. But in all the Planes which
may be conceived to pafs thro” C A, there is
fuch a Curve, and they all concur in the Line

319 C A, namely, at the Point 4. Therefore in that
Point ay the reflefted Rays are the moff abundantly
colleéted, which therefore is call'd the Focus of

» .g. the Rays coming from A.  On the contrary, A
75 will be the Focus, {uppofing the Radiant at 2%
In this Figure there is only Part of the Curve
drawn, which is produced by one Part of the
Line AC; fuch another Part muft be conceiv’d
on the other Side, and both join in the Focus

of the radiant Point. :

820 As the vadiant Point recedesy the Curve comes
nearer the Mirror.

821 As the Radiant comes forward, the Curve
recedes from the Mirror, and moves towardsthe
Radiant, till they concur as the Center C 5 in
which, if the Radiant be plac’d, all the reflected

* 806 Rays will coincide with the incidens *, and the whole
Curve willy as it were, be fivallow’d up in the
Center.

822 If the Radiant isyet brought nearer to the Mir=
rof, {o as to be between the Ceater and the Glafs,
the Curve will recede farther, and Je then beyond
the Center 3 and in the Curve, that Point will
recede moft of all, in which all the Curves con-
cur whichare conceiv’d in feveral Planes, thatis,
the Focus of the radiant Point : And that Focus

823 will be at an infinite Diftance when the Radiant
is diflant fromthe Mirror juft the fourth Part of the

: §13 Diameter of the Sphere® Then allo the Curveis
I

extended in infinitum, and the two Parts which
concur in the Focus of the Radiant are feparated;
this feparated Part is feenataa: (Plate X1IL
Fig.6.) If the Radiant be brought fill nearery the
824 Gaurve Parts decline from one another, becaufe the
Rays, fuch as A 2, and thofc nearer it, beingre-
ﬁC&Cdg
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fleéted, do not touch the Curve, but become di-
vergenc; thatis, thofe reflefted Rays, being conti-
nued beyond the Glafs, willinterfeétone another,
and form a new Curve bebind the Glafi, which has
fwo Legs, one of which is feen at 24 they con-
cur inthe Line C A continued, namely, at2,and,
feceding from the Glafs, are ftretched out in infi-
#itym. ~And there is alfo, oneach Side of the ra-
diant Point, a Point in the Surface as dy which
feparates the Rays that form the Curves 2 # and
33; and the Ray A 4, being refletted in 4 g,
touches neicher of the Curves, if it be infinitely
Continued toward each Part g, g, tho it is con-
Unually coming neater to each Curve. If the
Whole Sphere was compleated, inRefpect of the
Oppofite Part of the Sphere, the Radiant would
be beyond the Center, and the refleted Rays
Would form the Curve which we have mention'd s
efore, * by which the feparated Legs, asaa, °'%
Would be join’d. Thefe Things thus premifed,
We proceed toexplain the Phenormena of concave
Irrors.
1f the Mirvor be enlightencd by a lucid Body, the 82§
ays which come from all the Points of the Objedt,
eing reflefted, will form Curves, but are chiefly
Collected in the Foci of thefe Pointss* therefore if * 819
thefe Foci are in the Surface of @ white Plane, there 5%6
Will be ypon it a Reprefentationof the lucid Body, as
N the fecond Experiment of Chap. IX. And that
eprefentation will be inverted ; for the Line,
Which joinsthe radiant Point with its Focus, goes
thro’ the Center of the Sphere;* inwhichthere- * 819
ore all fuch Linesinterfeét one another; and this
Nterfeétion is between the radiant Point and the
“ocus, * in which the Point is reprefented. * 818
But s the lucid Body is brought nearer to the
irror, the Appearance recedes farthery * and in * 820
this Cafe becomes bigger.
Experi-
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Experiment 4.] Holdalighted Candle between
the Mirror and the Center of the Sphere of
which it is a Portion ; yet fo that it may be
maore diftant from the Mirror than that Center:
1f then there be a white Plane perpendicular to
the Line that paffes thro’ the Candle and the
Center of the Mirror, and this Plane be held
beyond the Center, you will have upon it anin-
verted Reprefentation of the Candle ; the pro-
per Place will be found by moving the Plane
forwards and backwards ; as likewife by this
Proportion, wiz. As the Difference of the Di-
ftances of the Candle, from the Center of the
Sphere and from the Mirror, is to the fourth
Part of the Diameter of the Sphere, fo is the
Diftance of the Candle from the Glafs, to the
Diftance requir’d. As the Candle is brought
nearer to the Speculum, the Plane muft be mov’d
ft')arthcr off, and the Reprefentation will grow

igger.

g8 :
827 PlateX111. Fig. 5.] Objefls, placed beyond the

* 218
828

Centery appear between the Glafs and the Center, for
all the Points appear in a Curve as at ¢ a3 * rbe
Images of the objeéis will alfo be diminifl’'d and in-
werted : forthey are reduced intoanarrow Space ;
and as the Point A moves downwards, its Re-

refentation will be carried upwards 5 for the
iiuc a @ keeps the fame Situation in refpeét of
A C a4, asit is carried round the Center C.

Experiment §. Plate X111, Fig.7.] Left the
Reprefentation of the Object thou'd be lefs vi-
vid, the Mirror is to be included in a Box. If
you have a Mirror, whofe Surface is about 8
Inches wide, and which is a Portion of aSphere
of one Foot and a half in Diameter; fhut it up

in a Box P, in whofe Fore-Part there is an Hole
ok
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of about 6 Inches Diameter, and from which

the Glafs is diftant above 6 or 7 Inches; and .
let this Opening be turn’d from the Light. Now

if any Perfon, as A, beholds h.imfclf_nt the Di-
ftance of about 2 Foot from the Glafs; hisFace

Will appear inverted in the Box rtowards the

ole 5 and if the Beholder comes nearer; he will
fee a Head coming out of the Hole.

The Reprefentativnof a Pointy placed in the Cen- 829
ter of a Spherey coincides with the radiant Point it-

Jelfy and is as it were fwallowed up by it*. *82i

If the Eye be plac’d in that Centers 1o Objeitcan 830
be feen by it for then only the Rays, that flow
from the Eye, will be reflected to it *. * 806
. Af the Gbjeit be betweenthe Center and the Point; 831
% which parallel Rays are collected after Reflexion,
the Object will alfo appear without the Glafiy ata
&reater Diflance from the Glafs than the Objelt it~
Jelf %5 the Reprefentationis inverted, whichispro-  g,4
ved in the fame Manner as in N° 828 5 and
#agnified, becaufe it is farther remov’d from the
Center, than the Objeét itfelf is diftant fromit
for the Reprefentation recedes from the Center
% infinitum 3 whillk the Object goes thro’ the
fourth Part of the Diameter of the Sphere.

1f the Objest be lefs diftant from the Mirrorthan g,y
the fourth Part of the Diameter of the Sphere, ac-
Cording to the different Situation of the Eye, the Ob=
JCCE appears either before or bebind the Glafs.

Plate XI11. Fig. 6:] 1f the Eye be o plac’d,
that thofe Rays may come to it which form the

arve 4 4, as towards f, it will fee the Appear-
ance of the Objeéts towards the Glals * magni- * 824

ed; becaufe the Curves, asw @, which belong
to feveral Points, dre diverging:

If thofe Rays come to the Eye which form g, 5
the Curve ¢ ¢, the Obje& will appear without :
the Glas : And in both Cafes the Reprefentationis

Vou. IL H erett s
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ereét 3 for as the Point A afcends or defcendss
the Curves @ # and a a, in which it is repre-
fented, are agitated with the fame Motion.

If the Eye be in the Point, in which the re-
fleéted Rays, that belong to each Curve, inter-
{e&t one another, asin O, the Appearance of the
Objeit will be dosble.

Itis plain in every Cafe of the Appearances
that the Points have not the fame Relaticn to
one another, as the Points of the Objett ; and
therefore that a Concave Mirror never reprefents
the Objeéls exaftly : But the moft irregular Re-
prefentation of all is that which is in fuch Lines,
asaa.

There are alfo cylindric Mirrors convex and
concave ; thefe in one Refpect are plane, andin
another Refpedt {pherical ; and thereforethe Re-
prefentation of the Objeéts is very irregular 5
which Irregularity, fince it depends upon a re-
gular Figure, may be fo determin’d, that Pi-
&ures may be drawn, which, thotrulyirregular,
will in fuch a Glafs appear regular by Reflez
&ion, in a determinate Situation of the Eye.

CHAP XVL
Of the Magic Lantern.

HERE are feveral Machines made by

the Combination of Mirrors and Lenfesy
which afford ufeful and pleafant Appearances 5
whofe Explanation may be cafily deduc’d from
what has been faid.

Among many other I fhall only chule to
explain one, in which Figures, that are puinted
upon fmall Pieces of Glafs, are reprefented mon=
ftroufly large upon a white Plane. This is @
: Phxno-
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Phanomenon wonderful enough to deferve a
particular Explanation. The Inftrument that
performs this is call’d a Magic Lantern, which
Optic Writers have not altogether pafs’d by,
bur yet have not fufficiently explain’d.

99

Plare XIV. Fig. 1.] Let there be a wooden 83+

Box abouta Footand an halflong, 14 Inches high,
and as wide; there muft be a concave Mirror §,
of 8 Inches Diameter, anda Portion of a Sphere
of 18 Inches : This Mirfor is fix’d toa Foot
which moves upon Rulers, along the Length of
the Box.

There is alfo in this Box a Lamp L, fuftain’d
by a wooden Foot which is moveable long-wife
between two Rulers, in the Side of the Box.
The Pipe of the Lamp ftands forward in fuch
Manner, that the Center of the Flame is over-
againft the Center of the Surface of the Mir-
ror 3 this Flame is made up of four little Flames,
which, by touching one another, make one fquare
Flame, two Inches wide.
~ In theTop, or upper Planeof the Box, there
18 an oblong Hole, which has a Cover that flides
to two Grooves, or between two Rulers or
Ledges : Thro’ this Cover paffes the Chimney
C, which (as you fee in the third Figure) flands
up about one half Foot above the Box. The
Chimney is moveable with the Cover, whilfk
the Opening remains fhut 5 that the Chimney
may be always over the Lamp.

. Inone of the little Sides of the Box, which
1s overagainft the Mirror, there muit be a round
Hole about ¢ Inches wide; which muft havein
it a Convex Lens of Glafs of the fame Bignefs
V, convex on both Sides, which are Poitions of
4 Sphere of oni¢ Foot Diameter : The Axis of
this Glafs, being continued to the Surface of the
Mirror, will be perpendicular to ity and fall

H 2 uposn
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upon its Center, as likewile to the Plane of the
Flame, thro’ whofe middle Point it alfo paffes.

This Hole is fhut and open’d by a Plane
moveable in a Groove, which is mov’d by a
Cylinder that ftands out of. the Box at E.

To this Hole without the Box anfwers the
Tube T, whole Length and Diameter is of a-
bout 6 Inches, at the End of which there is a
Ring, in which the fecond Tube # moves, of a-
bout 4 Inches Diameter, and y or6 Inches long.

In the lefler T'ube there are two Lenfes; the
firflt in that End which is thruft into the Tube
T, and it is of the fame Convexity as the Glals
V, and three Inches and a half Diameter. The
fecond Lens is three Inches from the firft, and
flatter, being terminated by Portions of aSphere
of four Foot Diameter. Between thefe Lenfes,
at the Diftance of about one Inch from the fe-
cond, there is plac’d a wooden circular Stop, or
Apertare, which thuts up all the Tube, except
an Hole of an Inch and a Quarter Diameter in
the Middle of the Wood.

The Objets, that are to be reprefented, are
to be painted upon a flat thin Piece of Glafs,
which muft be mov’d without the Box over-
againft the GlaG V, between it and the Tube
T, the Picture being in an inverted Pofition. If
thefe Pictures areround, they may be of g Inches
Diameter : That theymay be moved eafily, they
are put into flac Boards, three in one Board.
The Pictare alfo may be painted upon long
Glafles, which may be fucceffively made to {lide
before the Glafs V.

Plate IV. Fig. 3.] Thiswhole Box ftands ug-
ona Frame or Foot, made fo that it may DE
fix’d at different Heights. There are flat Pieces
of Wood fix’d to the Box, at Bottom, which {lide
in Grooves in the Frame ; ecach of them hagl_a

IC
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Slit in it ; fo that the Box may be made faft at
any defir'd Height, by the Help of Screws
Join’d to the Frame, and moveable in the Slits,

The whole Machine is placed at the Diftance
of 1y, 20, or 30 Feet from a white Plane,
which Diftance muft be different according to
the Bignefs of the Plane 5 for this Diftance may
be equal to the Length of the Plane: The
Box muft be juft at fuch an Height that the

ubes, in the Side of the Box, may be cxattly
oppafite to the Middle of the Plane.

The Lamp being lighted, the Box muft be
fhur, and the Figures which are painted upon
the Glafs will be reprefented upon a white Plane.
BY moving backwards and forwards the T'ube
that has the two Lenfes in it, you will find the
Proper Pofition of the Glafles requir'd to give
a diftinét Reprefentation. As for the Difpofi-
tion of the feveral Parts of the Machine, which
immediately ferve for exhibiting this Appear-
ance, we fhall here more particularly explain.

Plate X1V. Fig. 2.] The Parts in this Figure 838
are fhewn feparately ; SS is the Mirror, // the

lame which confifts of four Flames in the Line
£1; V V is the Glafs V of the firlt Figure ;
O O is a Picture painted upon a flat thin Piece
of Glafs ; @4 the biggeft Lens ; 4 d the flacteft
Lens; 44 the wooden Stop between the Lenfes;
f the Aperture or Hole in the Middle of the
Wooden Circle.

Thefe Things being difpos’d as has been al-
ready explain’d, and as may be feen in the Fi-
gure, the Rays which proceed fronva Point of
the Picture O O, by going thro’ the Lens z a,
become lefs diverging, and fall upon the Lens
d d, gs if they came froma Point more remote *; * 669
from this Lens they go out more converging ¥, * 699
and are collefted upon the Surface of the white

H 3 . Plane,
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Plane, where they exhibit the Point of the Pi-
# 711 fture that is painted on the Glafs *. This Pi-
cture is illuminated both by the Rays that pro-
ceed from the Flame /7, and by the Rays re-

} flected by the Mirror S 8.
: 210 For the Perfeftioh of this Machine it 1s re-
> quir'd, 1/, That theFigure O O be enlighten’d
as much as poflible ; 24/y, That it be cqually
enlighten’d in all itsPoints 5 3dly, That all the
Light, by which every Point of the Picture is
enlighten’d, go thro’ the Lenfes ¢ @ and d 4 to
the white Plane, and ferve to make the Re-
prefentation 3 4#hly, That no other Light but
that go out of the Box, left the Reprefentation
thou'd be lefs lively, by reafon of extraneous

Light.

The firft Requifite depends upon the Bignefs
of the Flame and of the Mirror, and of its
Concavity ; the more concave it is, the nearer
it is to be brought to the Flame, and then the
more Rays will be intercepted and reflected ;
yet Care muft be taken that the Mirror (which
muy be made of very good Glafs) be not too
much heated.

When the Flame and Mirror are fo contriv’d,
that the PiCture is the moft enlighten’d that it
can poflibly be, and every where equally en-
lightea’d, the Flame and Mirror muft be fo
plac’d, that the inverted Image of the Flame
thall fall juft upon the Pi€ture*. Now, as the
Reprefentation of thc Flame can be increas’d
# 3,6 and diminifh’d *, the Mirror and Flame muft

be fo difpos’d, that the Reprefentation of the

Flame fhall cover the whole Pifture upon the
| Glafs, but fo as not to exceed it : For then the
I Piture is as much enlighten’d by the reflected
Light as it can be, and all its Points arc equally
illuminated 3 the dive&t Light alfo docs pretty
near

¥ 826
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Dear equally fall upon all the Points of the Pi-
&ure ; this Light wou’d indeed be increas’d by
bringing the Flame ncarer ; but the refleéted
Light wou’d be diminifhed, and the Diminution
of this laft wou'd be greater than the Increafc
of the other.

The Glals V V ferves to infleét the Light,
by which the PiGure O O is illuminated, be-
fore it comes to the Picture ; by which Infle-
¢tion all the Light comes to the Lens 44, and
ferves for the Reprefentation on the white Plane.

All the Light, that is of Ule for this Repre-
{entation, goes thro’ the Hole f5 and the Rays,
coming from different Points, interfect one an-
other there ; wherefore the Pifture upon the
Glafs, which is placed inverted, is reprefented
ereft upon the white Plane; by the Ring £4 all
theRays, which do not ferve to formthe Repre~
fentation, are intercepted, left theyfhou’d enter
the Room, and make the Picture lefs diftinét.
This Ring or Aperture alfo intercepts thofe Rays
by which one Point is more enlighten’d than
another, whereby the Light, which (from what
has been faid) is equally enough diffus’d, is yet
made more equal. But unlclgg the Stop or A-
perture 4 4 be juft where the Rays interfect, it
does 3 great deal of Mifchief,

H 4 BOOK
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Part IIL

Of Opacif.y and Colours,

€CH AP XVIL
Of the Opacity cf Bodies.
Derint TION.

NODIES that tranfmit the Light
4 are call’d Tran{parent. Such arc
8 all Mediums*, excepta Pacuuns.
Gl  There is mo Body whafe [inalleft
Y| Parts ave not tranfparent : Noone
who is" ufed to Microfcopes will
doubt of this.  “There are fome Parts of Metrals,
which, tho véry fraall, do not tranfmit the Light
But if they be diffolv’d in Menflruums; that is,
if they be divided into much lefs Parts, they be-
. come tranfparent. One may alfo proveby avery
| caly Experiment, that Light can go thro’ feve-
ial opaque Bodies. '

! : & E .\‘p[.’?'j".'
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Experiment 1] In a dark Room, in which
the Sun’s Light comes inthro’ an Hole, let that
Hole be cover’d with a thin Plate of an opaque
Body, and the Light will go thro’ it5 3 Picce
of Wood, of the Thicknels of the tenth Part of
an Inch, does not intercept all the Light. But
the perfeé Tranfparency of Parts in opaque Bo-
fiies 15 not prov’d by this Expeiiment, tor that
Pranfparency is only in very fmall Parts.

Opacity does mot (as is commenly imagin'd) 842
happen in Bodiesy becaufe the I¥ay, thio® which the
Light might pafsy is flopp'd by Particles of Matter s
for Light palles thro’ all the fmalleit Parts of
Bodies; neither is fuch an Interception of Light
of any Ufe to caufe Opacity : It is requir’d for
Opacity that the Light fhou’d be refleéted and
defleéted from a right Line, for which there is
only requird the Separation of two Medi-

Ums =':."-P #* 631

Let us conceive a Body, confitting of very 795
{mall Parts, perfectly tranfparent ([uch as are the
Particles of which Bodies confift *) and f{epa- * g4
rated from one another by Poress and thatthofle
Interftices are either void, or fill'd with a Me-
dium whofe Denfity is different from that of the
Particles ; if Light enters fuch a Bady, it will
every Moment fall upon a Surface dividing Me-
diums differing in Denfity ; thercfore it will un-
dergo innumerable Reflections and Refrattions
in that Body *, fo as not to be able to get thro’ * 634
it. Therefore we fce that Opacity depends upor 79°
the Pores 5 for if you fill the Pores with a Medivm g ,
of the fame Denfity as the Particles of the Bodies +3
themfelves, the Lightwill undergo no Reflection
or Refraction in the Body, but pafs directly
thro’ *, and #he Body will be tran/parent. * 841

A0 by
Tho %97
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Tho we cannot make Experiments, whereby
to fill the Pores of the Body with a Medium ex-
atly of the fame Denlity as the Particles, yet
the following Experiments will clearly enough
prove Sir Jfaac Newtow's Dotrine concerniog
Opacity.

Esxpeviment 2.] Paper becomes more tranfpa-
rent, when moiften’d with Water 5 for it fills
the Pores, and differs lefs in Denfity from the Par-
ticclcs than Air does. Oil has the fame Ef-
felt.

Experiment 3.] Take a Piece of Glafs two
Inches thick ; and take feveral Plates of the
fame Sort of Glafs laid upon one another, yet
fo as not to be quite two Inches thick ; and
you will find that thefe will be iefs tran{parent
than the folid Piece, becaufe of the Airbetween
the Plates, which does not get into the {olid
Piece where all the Parts cohere.

Experiment 4] Take twelve Plates of the
fame Glafs, as near as may be of the fame
Thicknefs 5 let fix and {ix of them be laid toge-
ther 3 if you take the leaft tranfparent of thofe
two Particles, and, having dipp’d it in Water,
rake it outagain, it will become more tranfparent
than the other ; becaufe the Water, which in
that Cafe fills the Interftices between the Planes,
differs lefs in Denfity from the GlaG than Air
does.

What has been faid of Opacity is farther con-
firm’d, and putout of all Doubt%y innumerable

8,44 Experiments, by which Bodies perfettly tranfpavent

become apaque, by the Separation of their Parts,
without the Intervention of any opaque Body.

Experi-
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Esperiment §.] Let any perfeétly tranfparent
Liquid, rhat may be chang’d into Froth, be
ﬂ}ak'd, till it be full of Bubbles; it will imme-~
diately become opaque, by reafon of the Inter-
ftices thar are fill'd with Air.

Experiment 6] Turpentine and Water are
tranfparent Bodies, but, when mix'd, they be-
Come opaque.

Experiment7.] Waterand Oyl, by being mix’d
together, become opaque, tho, fingly, they are
tran{parent.

Experiment 8] 'Tho Glas be tranfparent,

yet if it be reduced to Powder it becomes o-
paque ; as it alfo does when it is crack’d.
_ We clearly {ee in all thefe Cafes that Opacity
15 produc’d, becaufe there is a2 Medium of diffe-
fent Denfity between the tran{parcnt Parts;
Which may alfo be obferv’d in theClouds, which
are cpaque on account of the Air interpos’d be-
tween the Particles of the Water.

If we add to this what is faid in the 22d
Chapter following, concerning the Colours of
thin Plates, we thall have new Experiments, by
Which alone it is fully prov’d that Bodies inter-
Cept the Light, becaufe they confift of very
thin Particles, encompafs’d with a Medium dif-
fering from them in Denfity.

Some opaque Bodies reflett a little Light,
and the reft of the Light, by innumerable Di-
Vifions which itundergoes in the Reflections and

efraftions above-mention’d, is extinguifh’d in
the Body ; fuch are black Bodies; if there were
any Bodies perfeitly black, they wow'd reflect no 845
Light ; for all Bodies, when no Light fallsupon

3 them,
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them, and therefore they refleét no Rays, ap-
pear black.

Other opaque Bodies appear to have various
Colours ; fome tranfparent Bodies are alfo ting’d
i with Colours : And whence thofe arife we are.
now to examine.

| CH'A P "XVHL

Concerning the different Refrangibility of
the Sun’s Rays.

B ODIES appear differently colour’d, tho’

they be enlighten’d by the fame Rays of
the Sun which are refleéted by them. Befides
thefe there are {everal Phaenomena of Light, re-
lating to Colours, not tobe overlook’d.

846 In thefe we are to obferve three Things-
1/7, The Rays are to be examin’d. 2dJy, Their
Refle€tion is to be obferv’d. 3dly, We are to
enquire into the Conftitution of the Surfaces of
Bodies differently colour’d.

847 As to the Rays, the firft Property, to be ta-
ken Notice of here, is, that in zhe fame Cir-
cumftance all Sorts of Rays do not undergo the [ame
Refraction.

Derinzrron L
848 The Rays, which undergo this diffevent Refra=
&iony are [aid to bave a different Refrangibility,
' and zhofé are faid to be moft refrangible, whick
' ave moft infletled by Refratlion.

DeriniTrion IL
Thofe Rays are faid to be Homogeneous, whic
do wot differ from one ancther in Refrangibility.

DerFi=

849
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Derrnirion IIL

And thofe are call’d Heterogeneous, whichy un- §«q
der the fame Circumflances, are not equally inflected
by Refratlion.

Piate XV. Fig. 1.] Between A B and CD
let there be a Sun Beam made up of an innume-
rable Quantity of parallel Rays ; thele are not
equally refracted ; for if they fall obliquely on
the Surfaice B D of the denfer Medium, {ome
of them are refracted between B E and D G,
and are mov’d according to that Direction in
the denfer Medium ; others are more infleCted,
and dire¢t their Motion between B F and DH
according to the Diretion of thofe Lines 3 and
indeed no Dirction can be conceiv’d between
the Mediums, along which the Raysdo not move
Inevery Point between Band D : Sothattheleaft
Beam whatever is, by Refraction, divided into an
innumerable Quantity of Rays ; becaule every
Sun-Beam, however{mall, is heterogeneous, and
confifts of an innumerable Quantity of Rays re-
frangible in all Degrees of Refrangibility.

The above-mention’d parailel Rays falling 85«
upon a plane Surface, by Refraction, are mov’d
between B E and D F1; which Lines diverge
from each other, and, being continued, aremore
and more {i:pal'ated s {o that the Rays above-
mention’d are difpers’d by Refraétion. “In No.
G173, e have confider’d the Rays as homogeneal,
as alfo every where 7 the Foregoing Part 5 the Dif-
ference of Refrangibility. is fmall enough in the

ays of the Sun, not to have bezn worth ob-
ferving in the foregoing Propofitions. Befides,
We were firft to examine what happens in ho-
Mogeneal Rays ; and what muft be chang’d in
the Propofitions, upon account of the different
Refrangibility, will eafily appear,

That
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That this Refrangibility of the Rays may be
made vifible, the above-mention’d Divergence
muft be increas’d; which will be perform’d, if
the Rays above-menticn’d fall upon the Surface
E H, which terminates a denfer Medium, and
feparates it from the rarer Medium, and which
makes any Angle with the Surface B D, and 18
{o inclin’d to it, that the Rays, which aremor¢
sefrangible, fall more obliquely upon it than thofe
that arelefs refrangible; {othattheformer, going
into a rarer Medium, are more turn’d out of the
Way, and diverge more from the others upon 2
double Account, thatis, both uponthe Account
of a greater Refraggibilityy and of a greater In-
clination. ‘The Rays between B E and D Gs
which are the leaft refrangible, being refracted
a fecond Time, continue their Motion between
EI and GL, theothers between F MandH N:
In which Cafe, if thefe Rays fall upon a Plan®
at the Diftance of 1§ or 20 Foor, tholfe chat
are mofk refrangible will be feparated from thofe
that are leaft refrangible, and the whole inter?
mediate Space is enlighten’d with Rays endow’d
with a mean Refrangibility.

Esperiment 1. PlateXV. Fig.2.] Let therebe
an Hole in the Plare of 2 Metal in the Window-
fhut, of about a Quarter of an Inch, thro’ which
a Sun-Beam enters the darken’d Room : Lct
this Beam fall upon a triangular Prifm of Glafs
A A, in fuch Manner, that it may bewholly re-,
fleGted by the lower Surface (fec the Exper- ©
N°. 789.) By the two Refrations which the
Light undergoes, Rays that are differently ¢
frangible do not diverge, and, being reflecteds
come upon a fecond Prifm B B, which is like=
wife of Glafs, and triangular, in the fame Man-

ner, as if they had come dire@ly from the Sun-
Thele
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Thefe two Prifms are moveable about their
Axes, as we before explain’d * ;5 the firft A A * 197
is laid upon a Piece of Wood faften’d to it, yet
o as not to hinder it from turning abour its
Axis ; this Piece of Wood isfaften’d toaThree-
legg’d Staff with a Ball and Socket, fuch as is
us’d in practical Geometry. The fecond Prifin
B B is laid on a Frame or Stand 8, in whofeop-
pofite Sides there are feveral Slits that anfwer
one another ; by thefe the Prifm is {uftain’d at
different Heights, but always horizontally, the
g}nd of the Axis being plac’d in corrclpondent
its,

The Light, that comes to the Prifm B B,
moves perpendicular to its Axis, and paffesthro’, }
as is demonftrated in Fig. 1. in which B D and
EH reprefent the Sides of the Prifm 5 the Light
15 alfo equally inclin’d to each Side 5 which will
happen by moving the Prifm about its Axis; for
the Light of the Sun (as you move the Prifin)
will afcend, and then defcend again 3 and the
Situation requir’d is that in which the Light is
higheft of all : Now both the Prifins are to be
fo difpos’d, that in this Cafe the Light may go
horizontally out of the Prifm B B. ~ This hori-
zontal Beam, at the Diftance of 11 or 20 Foot,
muit fall upon the Board T which is cover’d
With white Paper, and has fuch a Foot, that
Upon it, it may be rais’d and fix’d at different
Heights. The Rays come diverging to the

aper, and upon it form the Oblong Image

V, terminated at the Sides by parallel Lines,
but femicircular at R and V.

If the Rays of the Sun, that go thro’ the
Tound Hole, fall upon a Plane at a certain Di-
ﬁunce, they will form a bright round Spot, fo
much the greater, as the Plane 1s more diftant
from the Hole ; which arifes from the Rays that

come
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come from the Sides of the Sun, which making
an Angle with thofe that come from its Cen-
ter to the Hole, and interfecting them in the
Hole, gives the Image of the Sun upon the
Plane.

If the Rays did not go thro’ the Prifm B B,
and fall upon the Plane at the Diftance of the
Board Ty the Image of the Sun wou'd have its
Diameter equal to the Breadth of the Image
V R ; which Breadth_is not alter’d by the Re=
fraction, becaufe the Rays enter the Prifm per-
pendicular to its Axis, and, in Refpeét of the
Breadth of the Image, arenotinclin’d to it. But
as, in another Refpeét, the Image of the Sun is
oblong, it follows plainly from thence, that all
the Rays have not undergone the fame Re-
fraction 3 for homogeneous Rays, tho refracted,
will give a round Zmage of the Sun. Theleaftre-
frangible Rays go to R, and the moft refrangi
ble to V'3 and the whole Image R V is termi-
nated with Semicircles at R and V, becaufe the
whole Image confifts of Circular Inages. Now
between R and V there are innumerable Quan-
tities of circular Images, made by Rays of all
poffible Refrangibilitics ; otherwife the Image
R V wowd not be terminated with retilinear
Sides.

In moft Experiments, we have faid that the
Light is let intothe darkened Roony thro® a Slit
or an Hole, which we leave tothe Contrivance
of the Workman ;3 our Method was the fol
lowing. 7

Plare X V. Fig.3.] We made an Hole 4 Inches
fquare in the Window-(hur, which onthree Sides
had Ledgesof Wood AB, BC, CD, forabbet-
ted, as to make Grooves to keep in the {quare
flat Piece of Wood Q L, which is fix Inches
long, and fix Incheswide. Itmay bedrawn ot:-ltj

gt
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and feveral Sorts of them ferve for feveral Expe-
riments. ‘That which we ufe in the following
Experiment has a Hollow and a Hole in the
Middle behind to containa convex Lens, which
15 the Object Glafs of a Telefcope of 16 or 20
Foot ; the round Hole in the Middle mark’d £
18 above half an Inch in Diameter, thro’ which
the Rays of the Sun, paffing thro’ the Glafs, en=
ter the Room. In the Fore-part alfo the Board
Q_is hollow’d, but not in the Middle ; this

ollow contains the brafs round Plate L, which
Lowards its Circumference has an Hole at £}
Which Hole is equal to the Hole in the Board
Q itfelf, and agrees with it. Together with L
there is another concentric Plate, which is lefs;
and moveable about the Center ; this Plate has
feveral unequal Holes, which fucceflively come
to f as the Plate is turn’d round 5 fo that you
may at Pleafure let the Light enter a dark
Place thro> a bigger or a lefler Hole; which
I many Experiments, that aré made without
the Lens above-mention’d, is of good Ule.
'_I‘ht:: Pin m, join’d with the Plate, ferves to turn
1T K

Experiment 2.”] Letin a Sun-Beam thro® the
4ens above-mention’d, thro’ an Hole a Quarter
of an Inch wide, into the darken’d Room; by
the Rays thus let in, at the Diftance where pa-
Tallel Rays are colleéted, the Sun isvery exatly
Teprefented; and its Image terminated with ex-
aétly defcrib’d Bounds. For the Raysthat come

om the feveral Points of the Sun, which, by
Yeafon of its immenfe Diftance, may be look’d
Upon gs parallel, are colletted in one Point at
that Diftance.

Plate XV. Fig. 2.] Now if with thefe Rays
you make the Experiment above-mention’d, the

Vou. IL I feveral
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feveral Images made by the homogeneal Rays,
fuppofing the Board at a juft Diftance, are ex-
altly terminated ; and therefore the oblong I-
mage R V, which is made of all thefe Images,
is likewife regularly terminated.

This Experiment will fucceed in the fame
Manner, if the Rays pafs thro’ a Prifm made of
any Body which is denfer than Air.

Experiment 3. Plate XV. Fig. 2.] Let a tri=
angular Prifm be made of Wood and two glafs
Planes, and fill'd with Water ; fuch as is re-
prefented at B B (Plate XVII. Fig. 3.) 1f you
make ufe of this Machine inflead of the Prifm
BB in this Fig. the Experiment will {ucceed in
the fame Manner ; and, in pafling thro’ Water,
heterogeneous Rays in the fame Manner are fe-
parated by Refractions.

Experiment 4.] Ifany Perfon, ftanding 15 or
20 Foot off, looks at the Hole thro’ which the
Lightis letin, it willappearround ; but if before
his Eyes he hold a trangular glas Prifm, or
the watery one mention’d in the laft Experiment,
fo that the Rays coming from the Hole (after
fuch Refractions as the Light fuffers in the fore-
going Experiment) reach the Eyes, the Hole
will appear oblong. The Situation of the Prifin
will be found, ifholding it horizontally with
one Edge (or the refraCting Angle) upwards, it
be a little mov'd about its Axis, fo as to make
the Image of the Hole to afcend and defcend ;
and the Prifm be held faft in that Pofition in
which the Hole appears moft deprefs'd.

This Experiment, as well as the foregoing
ones, proves the different Refrangibility of the
Rays ; for by the homogeneal Rays of each
Refraction, the Hole appears in the ima inary
Foci of the Rays coming from the feveral lg’ointf_

ok
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of the Hole*, which Image isround; theRays, *
which undergo a different Refraction, enter the
Eyes in diffetent Direétions ; and you have feve-
tal Images, all which form the oblong Image,
which 1s really feen.

But that zbis different Refrangibility does not de~ 85%
pend upon the refraéting Medium, bat the different
Conflitution of the Rays themfelves, is prov’d, be-
caufe thofe Rays, which in one Cafe undergo
the greateft Refraltion, are in any Refradtion
turn’d out of the Way more than any.

 Experiment . Plate XV. Fig. 4] All Things
being difpos’d, as inthe firft Experiment, atany
Diftance from the Prifin B B ; let the oblong
Tmage of the Sun fall upon the Vertical Prifin
C C, which is alfe mioveable about its Axis; as
the Rays go thre’ it, let it be turn’d about s
Axis, and left fix'd where the Rays are leaft of
all turn’d out of the Way by Refraétion thro’
the Prifm : In that Cafe the Rays are refraéted
in the {fame Manner thro’ this Prilin as thro’ the
firft, but they are not difpos’d the fame Way,
for that wou’d form a fquare Image. But here
the Image, keeping the fame Breadth, isinclin'd
at R V, the Rays at V being moftly turn’d out
of the Way, asin the Refraction thro’ the firft
Prifm B B.

The Demonfiration, before given *, of the con- 856
Pant and fettled Ratio berween the Sines of the An- * 639
gles of Incidence and Refraflion, may be refery’dio
any homogeneous Rays ; but confidering the diffe-
rent Refrangibility of the Rays, this Proportion
varics, as it follows from the Experiments of
this Chapter.

But:zhe Refrangibility in all the different Sorts 35+
of Rays is every W ay wnchangeable, as will appear
by the Experiments to be mention’d hereafter.

12 CHAP.
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CHAP XIX

Concerning the Colours of the Rays, and
their Unchangeablenefs.

\HE different Refrangibility of the Raysgoes

along with the different Colours 5 and every

Sort of Rays, as they arve more or lefs infletted by

Refrattion, have a particular Colowr of their own,
and which is wholly unchangeable.

In Refpeét of the Colours, the fame Thing is
to be obferv’d, as has been taken Notice of in
regard to other Senfations * ;3 the Colours are
Ideas which have nothing common with the
Rays, by which they are excited: Therefore we
muft define what we mean by colour’d Rays and
colour’d Objeéts.

DerrNirron L
An Objelt is [aid to be of fuch a Colowr, whofe
Idea is excited in the Mind by the Rays refletied
from the Objet.

Derinirion L

Homogeneous Rays, which, [triking uponthe Re=

ting, excite in our Mind an Idea of any Colour, are
call’d Rays of that Colour.

We have faid that the Rays excite an Idea,
by which we underftand that the Rays put the
Fibres into a trembling Motion, and that Mo-
tion occafions an Idea in the Mind.

Plate XV1. Fig. 1.] It is very evident from
the Experiments of the foregoing Chapter, that
Rays of different Refrangibility have a diffe-
rent Colour 3 for thofe Experiments fhew that
the Image of the Sun, which is oblong, 1S
tinge
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tinged with different Colours. Zhe Rays, which 861
are leaft turw'd out of the Way by Refrattion, are
red 3 the veft of the Colours ave in the following Or-
der, namely Orangey Yellow, Greeny Blues Purple,
and Vislet, of which laft Colours are the Rays that
are moft refraéed *,  The oblong Image of the
Sun above-mention’d, as has been faid ¥, is * 853
made up of an innumerable Quantity of round
Images; if their Diameters be diminifh’d (which
is done by intercepting the Sun’s Rays, fo that
only thole that come from the Center ot the
Sun fhall pafs thro’ the Prifin) the Centers of
the particular Images which make up the ob-
long Image will not be chang’d; and therefore
the Length of the Image 4 4, between parallel
Lines, is not chang’d : And this alone wou'd
remain the fame, if the Breadth of the Image,
fhou’d be infinitely diminifh’d : And therefore
this Length alone is to be confider’d in determi-
ning the Limits of the Colours in the Image
itfelf ; thefe Colours are reprefented in this Fi-
gure by the Letters 4, 6, ¢, 4, ¢, fs £y by and the
Number which is fet down againft each Colour
denotes the Space taken up by it in the Image,
the whole Lenth of the Image being divided
into 360 Parts.

If the Breadth of the oblong Image of the Sun be g ¢,
diminif’d, the beterogeneous Coloursare more [epara- =
ted in the Image 3 becaufe there are fewer parti-
cular Images confounded in the {everal Points,
where Rays of different Refrangibilities differ
little from each other.

The Colour of any Ray, as alfo its Refrangibility, o o,
cannat be changed by any Refrattionsy or Reflexions, 3
or mingling of the Rays together.

In this Chapter I fhall fpeak of Reflexion
and Refraction, and of the Mixture of Rays in
the following one.

13 That
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864  That the Refrangibility is not chang’d, by Re-

fraction, is prov’d by the y2b Experimentof the
foregoing Chapter 5 which may allo be referr’d
to Colour ; but is more clearly evinc’d by the
following Experiment. Concerning which it is
to be oblerv’d (as may be alfo faid of what fol-
lows) that the Experiments are to be made with
Prifms of clear Glafs, free from Veins ; forthey
occafion the Light tomove irregularly; and the
Rays are not duly feparated by the Refractions.

Experiment 1. Plate XV1. Fig. 2.] Every Thing
being as in the firft Experiment of the foregoing
Chaprer, you muft make the Experiment with
a Sun-Beam, going thro’ an Hole of half an
Inch Diameter: The Frame or Stand S, in which
the Prifm 18, muik be fuch, that the little flac
Board #, to be us'd in this Experiment, may
move between its Sides 3 this Board has an Hole
F of 3 of an Inch Bore, thro’ which the Light
refratted by the Prifm is cranfinitted, whereby
the Rays inthe oblong Imageare better feparated
from one another, the Rays being moftly inter-
cepted ; this cblong Image RV, at the Diftance
of 10 or 12 Feet from the Prifm, falls upon the
Board # of a Stand like the former 3 in which
Board alfo there is a fmall Hole F like that in
the firit 3 thro’ this the Rays pafsupon a fecond
Prifm laid upon this Stand, and are refrated in
the fameManner as in the firft. By moving the
firft Prifm a lictle about its Axis, thclmage[{v
afcends or defcends, whereby the different Rays
arc fucceflively tranfmitted thro’ the Hole ; ineve-
ry Cafe, the Raysrefraéted thro’ the fecond Prifim,
and ftriking upon the flat Board T which isce=
ver’d with white Paper, are not difpers'd at H3
but the Tmage is round, if the Rays fall pcl‘lyﬂﬂ-
dicularly upon the Paper, and dlfo of the fame

‘ : ' Colouy
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Colour as the Rays falling upon the fecond
Prifm. Yet the Image H is fo much the more
lifted up, as the Rays, by Refraction thro’ the
firft Prifm, are more turn’d out of the Way; that
is, thofe, thatare moft refrangible in the one Cafe,
do alfo fuffer the greateft Refraction inthe other.
It will appear alfo by the following Experi- 865
ments, that the Refrangibility and Colour are
not chang’d by Reflexion.

Experiment 2.] The Rays which, for Exam-
ple, make the red Part of the oblong colour’d
Image, whatever Body they are reflected from,
are always red 5 that is, all Bodies appear red
in that Light : In the violer Light they arc
violet ;3 green inthe green; and fo on in the
other Colours.

This will appear by trying it with Vermil-
lion, -Orpiment, blue Bice, or Cloth of any
Colour, 7.

Experiment 3. Plate XV1. Fig. 3.] Let the
Light enter the dark Room thro’ two Holes of
a Quarter of an Inch Diameter each, in the
round Plate moveable in the Window 3 letthele
Beams be about two Inches afunder, and refle-
&ted by the plane Mirror 8.

The Plate and Mirror muft be fo difpos’d
that the two Beams may fall upon two Prifms
A A, which are laid horizontally upon the fame
Frame ; fo that the oblong Image, produc’d
by the Refraftion of thofe Prifms, may touch
one another at their Sides. Let one Prilm be
turn'd a little about its Axis, that the Red of
one Image may be juft on the Side of the Violet
of the other : Let thefe Colours, and none of
the reft, be intercepted by a wooden Ruler that
has a white Paper pafted upon it fo that the

I Red
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Red be at R, and the Violet at V, the reft of
each Image falling upon the Wall, which mult
be cover’d with a black Cloth. If any Perfon
itand at O, and thro’ the Priim B B looks at
thofe Colours, R and-V, (in the Manner de-
{crib’d concerning ‘the Hole, in Experiment 4.
of the foregoing Chapter ) he will fee the Co-
lours feparated from one another, the Red at
7, and the Violet at w3 which therefore, being
refle€ted 1 going thro’ the Prilm B B, under-
goes a greater Refraction.

In the firft Experiment of this Chapter we
gave a Method, whereby to feparate the hete-
rogencous Rays better than in other Experi-

866 ments 5 in the following Experiments, Lights

of divers Colours become much more homogene-
ous, which is requi’d in the fixth Experiment
of this Chapter.

Experiment 4. Plate XVII. Fig. 1.] Let the
Sun’s Light enter the dark Room thro’ an Hole
of & of an Inch ; the SunBeam muft be reflect-
ed by the Prifm A A to-the convex Lens V,
which {lands upon a Foot, and is about 3 or 4
Inches wide ; the Length of the incident and
refleCted Rays, taken together, is about feven
Feet 5 the Convexity of the Lens is fuch, that
the Foci of the Rays coming from the feveral
Parrs of the Hole, at the Diltance of 10 or 12
Feer from the Lens, will form the Reprefenta-
tion of the Hole, if a Paper be held there *.
Juit beyond the Lens place the Prifm B B,
whertby the Rays (as in the firft Experiment
of the foregoing Chapter) are’ difpers’'d ; now
placing the flac Board T, at-the Diftance at
which the Rays, coming from the feveral Points,
are colleted, there  will fall. upon it a well
terminated oblong colour'd Image RV, whole
Length










Book TII.  of Nuatural Philofophy.

Length will have a greater Proportion to its
Breadth than in other Experiments 3 and which
therefore is made up of Rays more homoge-
neous*; and fo much thelefs mix’d, as the Hole
in the Window is the les. By moving forward
or backward the Board T, one may find the
Diftance at which the Image is moft diflin&
and terminated without the Penumbra.

Now that the Rays, feparated in this Expe-
riment, are homogeneous enough, is prov’d from
this, that they can be no more difpers'd by a
new Refraétion : And that this is the Property
of homogeneous Rays, follows from their equal
Ref':'.'.ngibilir.y; which has been already con-
firm’d by an Experiment *; and is more fally
demontftrated by the following one.

Experiment 6.] Take two Circles of Paper
of an Inch Diameter each, and let Light fall up-
on them in {uch a Manner, that the one may
have the homogeneons Rays of any Colour
fall upon it, and the other may be enlighten’d
by the Rays of the Sunj; if both thefe Papershe
look’d at thro’the Prifm ar the Diftance of fome
Feet, as in the third Experiment of this Chap-
ter, the Circle, enlighten’dby the heterogeneous
Lighr, appears oblong, and ting’d with diffe-
rent Colours, as in the fourth Experiment of the
foregoing Chapter 3 but neither the Colour nor
Figure of the other Circle is chang’d,

Experiment 6.] Upon a white Paper draw
black Lines parallel to one another; and about
the fixteenth Part of an Inch wide; let thele be
enlighten’d by throwing upon the Paperthe ob-
long Image, which is defcribd in the fourth
Experiment, fo that the Lines may lie long-wife
in the Image.  Befides this you muft havea con-

VEX
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vex Lens, about five or fix Inches wide, fu-
ftain’d upon a Foot, fuch as are reprefented at V
(Plate X1X. Fig.2.) which colleéts the red Rays
that come from a radiant- Point, fix Foot diftant
from the Glafs, at an equal Diflance on the
other Side. If this I.ens be plac’d at the Di-
ftance of fix Feet from the Image above-men-
tion'd, the Parts of the black Lines that are
enlighten’d by the Red falling upon the Paper,
by means of the Rays which are colleted by
the Lens, will be exactly reprefented in the red
Image at the Diftance of fix Feet; but you
muit bring the Paper forward about three Inches
and a Half; to make thofe Parts in the Lines
which are enlighten’d by the Purple, to appear
diftinét in that Parc of the Image which is of
the fame Colour: The intermediate Colours
give Images at intermediate Diftances; the Vio-
let is fo weak, that the Threads cannot be re-
prefented in it.

This Experiment does alfo confirm, that the
Colour of reflefted Rays is not chang’d by a
new Refrattion thro’ the Lens ; as alfo thar the
moft refrangible Rays are more infle€ted than
the others in pafling thro” the Lens.

86-  This lalt Experiment does alfo prove, that the
" different Refrangibility of the Rays is the Canfe that
binders the Perfeetion of Telefcopes. For the Focl
of the Points, that are equally diftant, fall at
different Diftances from the Lens, according to
their different Colours 53 whence all the Repre-
{entations of the Points are unequally diftant from
the Eye-Glafs 5 and therefore they cannot be all
petfectly feen thro’ it. o
868 Concerning the Reflexion of the Rays it is
to be obferv’d, that thofe Rays are more eafily re-
Sleited totally, which bave the greatef} Refrangibilitys
for the greater is the Refraltion of the Rﬂ‘_‘{'s:
the
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the lefs Obliquity is requix’d to make them be
totally reflected *. * 793

Experiment 7. 'Take a Prifm, plac’d as be-
fore #, in the Expcriment where it was obferv’d, * 790
that by moving the Prifm about its Axis, the
Rays thar firft went thro’, when their Inclina-
tion is increas’d, become wholly reflefted; but
if the Prifm be gently mov’d in this Cafe, we
fhall perceive that the violet Rays are the firft
which will be wholly refle¢ted, then the purple
Rays, and all the reft in the fame Order, asthey
are in the oblong Image of the Sun, {o often
mention’d 5 which appears, if the reflected Rays
be feparated by the Refraction of the Priim.

CHAP XX

Of the Mixture of Colours, where we fball
[peak of Whitenefs.
HAT the Refrangibility and Colour of 8¢9
the Rays are not chang’d, by the Mixture
of Rays of different Refrangibility, has already

been f2id ¥, and now we muit prove it by Expe- » g6;
Fiments.

Experiment 1. Plate XV1. Fig. 3.] This Ex-
periment muft be madeinthe fame Manneras the
third of the foregoing Chapter ; here you mutt
make the Red R, and the Violet V be con-
founded and mix’d together, by throwing them
upon the fame Part of the Ruler L L, which
thereby will appear of a purple Colour in that
Place.” But if a Perfon looks at them thro’ a
Prifm, the Colours will appear feparated 5 and
therefore neither the Colour nor Refrangibility
are chang'd by this Confufion of Colows.

: Lxpe-
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Experiment 2. Plate XVIL. Fig. 2.] If the ob-
long colour’d Image of the Sun (of which Mem-
tion was made in the firft Experiment of the
18¢h Chap.) falls at RV upon the convex Lens
L, mention’d in Experiment 4, of the foregoing
Chap. which muft be placed at fix or feven Foot
from the Prifm B B, the divergent Rays will
converge by the Refraction of the Lens, and
interfeét one another at the Diftance of g or
10 Feet at A ; if the Board T be placed at
a greater Diftance, the Rays, which diverge
again after the Interfetion, will fall upon it di-
{pers’d 3 and you will again have an oblong co-
lour'd Image; but the Colours by reafon of
the Interfeétion at A, will appear in a contrary
Otder, and will not be chang’d by having been

mix’d mgc:hcr at A,

Experiment 3. Plate XVII. Fig. 2.] Every
Thing ftill remaining as in the former Experi-
ment, if with a black Paper you intercept fome
of the Rays of the Image R V, which changes
the Mixture (which this Way may be varied in
any Manner) the Colours of the other Rays, that
are again {eparated, are no Way chang’d.

If the Rays of the Sun, as they come to US,
are wholly reflected by any Body, that Body appears
Hhite 5 but thefe Rays are an Heap, or Parcel
of Rays of various Colours * ; whence we de-
duce, that ¢ Misture of diffevent Colours makes &
T bitenefs 3 for if the Colours which are obferv’d
in the oblong Image of the Sun, fo often men=
tion’d, be mix’d and confounded together, 11
the fame Proportion as they are in that Image,
a W hitenc(s willbe produced; whichalfo proves,
that in that Refpeét the Rays are unchangeable.
The Rays that come from the Sun appear
white 3
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white; but, if they are {eparated, their Colours
are difcover’d 3 and, if they be mix’dagain, the
W hitenefls will be reftor’d.

Experiment 4. Plate XVII. Fig.2.] Things
being difpos'd as in the two foregoing Experi-
ments ; let the Board T be plac’d at A, in the
very Place where all the Rays of the Image RV
ae confounded together; therewillbe a White-
nefs at A 5 if with a black Paper you intercept
the Red of the Image R V, the White willva-
nith, and the Colour at A be bluith ; but if you

tarercept the violet and blue Rays, the White
Oecomes redditfh.

Experiment . Plate XV1I. Fig.3.] Take three
triangular Prifms, made of Wood and Plates of
Glals which contain Water, as BB, DD, DD
the Plates of Glafs in each of them make an
Angle of about 70 Degrees: The Length of the

*late is of fix or {even Inches, and their Breadth /
if three Inches; thele Plates are fix’d in another’
Vianner in the Prifms D D, D D, than in the Prifm
3B, {o as to make their Bafes bigger, that is,
hefe Prifms are fhorter and deeper than the
ther. Let theSun’sRays be refracted thro’ the
’tilm B B, as in the 3d Experiment of the 18¢h
Zbap. And let the oblong Image of the Sunat the
Diftance of three or four Foot fall upon the Sur-
face of the Prifm D D, plac’d parallel to the
Surface of the Prifm BB, outof which the Rays
go. In the fecond Prifm the Rays undergo
2 contrary Refradtion than in the firflt 5 becaule
of the Parallelifm above-mention’d : And be-
Caufe the Fdge of the Angle, form’dby the Glafs
lates in the Prifm BB, is turn’d upwards, and
that of D D downwards 3 therefore the firft
efraftion is deftroy’d by the fecond, and the
Rays go out of the Prifn DD panallel to one
another,
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another, and fall upon R V 5 for if the Prifms
brought together, fo that the parallel Surfa-
wuch one another, the Light will pafs
" 2 Medium terminated with parallel Planes,
which is form’d by the two Prilms join'd to-
ther) thro’ which Light, of any Degree of
W cfrangibility, will pas without Change of Di-
reétion®. Now the Prifms are {feparated, that
the heterogeneous Rays may be feparated, be-
fore they again become parallel 5 if thefe co-
lour’d Rays fall upon the third Prifin DD, and
in pafling thro’ it undergo a Refraction like that
which they have undergone in pafling thro’ the
firft or fecond Prifm ; the Rays that go out at
o converge, on account of unequal Refractions
in Rays of different Colours, and concur at A,
in which Place alfo Whitenefs will be produc’d,
as in the foregoing Experiment.

Experiment 6] If an oblong colour’d Tmage
of the Sun be made, after the Manner deferib’d
in Experiment 1. of the 18¢b Chap. and a Per-
fon ftanding at the Diftance of the Prifm, that
refradts the Light, looks at the Image thro’ the
faid Prifm, as was done in refpet of the Hole
in the fourth Experiment of the fame Chap. he
will fee 2 round and white Image; the {econd
Refration deftroying the firft ; for thereby the
Rays, being again mix’d, enter the Eye, and in
this Cafe make the Objeét appear white.

82  The Mixture of all the Colosrsywhich are obfery'd

in the oblons Twage of the Suny is not neceffary for
producing White : The Whitenefs of the Sun’s
Rays is a little inclin’d to yellow ; and thercfore
if Part of the yellow Rays be taken out of the
Mixture, the White will be the more perfet-
From the Mixture of four or five Coloursy 1na
juft Proportion, White will be produc’d.

ii=
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Primary, that is, homogeneous, Colours, being
wmis’d, produce innumerable Colours, different from
the primary or homogeneous ones. From a Mixture
of other Colours one may produce a Colour
like that which is homogeneous; but whesn there
can be mo Difference obferv’d by the naked Eye be-
tween an homogencous and a mix'd Coloury one way

perceive o [enfible Difference thro® & Prif.

127
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Experiment 7.] Thro’ a Prifm look at any 874

fmall Objeéts, fuch as Letters upon Paper,
Flies, and other fuch things; if they be exposd
to the common open Light, they will appear
confus’d 3 but if they be enlighten’d by the ho-
mogeneous Light of the fourth Experiment of
this Chapter, they will appear diftinCt when
{een thro’ the Prifm.

==

CH AP XXL
Of the Rainbow.
AVING made an End of conﬁderi:&g

what relates to the Rays, whereby Bo-
dies are enlighten’d ; beforc we leave this Sub-
je&, we muft explin a Phanomenon, which
18 too remarkable and common to be paft by in
Silence.

"The Iris or Rainbow is what every Body has
often feen 5 we maft explain what is the Caufe
of it, having firft laid down fomc Things for
that Purpofe.

Plgte XVIIL Fig.1.] Let there be a denfe Me-
diwm epcompafs'd with a rarer, terminated by the
Circle BD F H. - Let homogencous Rays that are pa-~
Yalle] to one another fall uponityand let AB be one
of thefe Rays ; let the Semidiameter CB be

tawn and continued to N ; it will be perpendi-

cular

P

);.\
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colar to the Surface feparating the Mediums:
A B N thercfore is the Angle of Incidence
This Angle is equal to the oppolfite vertical An-
gle CBL, whofe Sineis CL, perpendicularto BL
and going thro’the Center; the Ray is refracted
towards the Perpendicular®, and C B M is the
Angle of Refraction, whofe Sine is CM drawn
from C perpendicular to BD: Thereis thefame
Proportionbetween fuch Linesas CLand CM™,
for every Ray, as there is for A B. The Ray
B D does in Part penctrate into the rarer Medi-
um in the Direftion DE, and isin Partreflected
along DF3; and makes the Angle of Reflexion
CDF equal to the Angleof Incidence*B DC;
whence BD and D ' are equal. The Ray
DF does allo in Part go out of the denfer Me-
dium along FG, and is in Part refletted along
F'H; which in the fame Manner does in Part
go thro’ HI, and is in Part reflected : But this
Reflexion, and other farther Reflexions and Re-
fractions we fhall not confider 3 they are too
weak, on account of the {everal Divilions that
the Light has undergone.

Plate XVIII. Fig.1.] The Ray F G, which
after one Reflexion goes out of a denfer Medi-
um, makes the Angle G P A with the incident
Ray A B, which varies indifferentincident Rays
therefore, tho thefe Rays thou'd be parallel, zhey
will be [catter'd when they go out, after one Reflexie
on, as may be {een by the {econd Figure.

The Ray EE, which, being continued, goes
thro’ the Center C, is not turn’d out of its Way
cither by Reflexion or Refrattion *.

As you recede from this Ray, the returning
Ray is continually lefs and lefs inclin’d to thein=
cident one. So the Ray DD, which gocs out
of a denfer Medium along 4 4, and returns 2~

long the Line, makes a greater Angle with 4 ¢
2, than




Book III.  of Natural Philofophy. 129

than the intermediate Rays between D D and
E E do make with their returning Rays, which
£0 out of the denfer Medium.

Let B B be a Ray, in refpect of which this 876
Inclination is the leaft of all, that is, which
makes the Angle GP A (Fig. 1.) the biggeft of
all. Beyond B B the returning Rays are more
inclin’d to the incident ones ; thus A A returns
along za.

From this Difperfion of #he returning Rays ve- 8-~
ceding from the denfer Medium, they become
Continually weaker and weaker, and their Colour
cannot be perceived throughout the whole Space which
they fill, tho the Colour of the incident Rays

e vivid. The Colour in the returning Rays is
only [enfible, where the neighbouring Rays are paral-
lel, and thofe next to them diverge out very lit-
tle ; fo that at a great Diftance they are denfe
enough to be perceiv’d.  Zhefe only are [aid tobe
efficacions, and will be fuch, when the incident
Rays which are near oneanother, being refratted,
Concur in the very Point of Reflexion.

Plate XVIII. Fig.3.] LetAB, a4, bencigh-

ouring Rays parallel to oneanother, falling up-
on 3 circular Surface that terminates a denfer
Medium  if thefe being refrated along BD, 44,
do concur in D the Point of Reflexion, the re-
flefted ones D F, Df, will makethe fame Angles
With one another as the incident ones DB, D 2;
therefore the refraéted RaysF G, fg, willbe pa- * 627
Tallel * and efficacious*. In this Cafe the follow- * 877
ing Method will ferve to determine the Angle
Mmade by the incident Ray with the returning
One ; that is, the Angle A P G, which here is
the greareft of all.

. Let us call the Ratio of 1to R, that which 8-8

18 found between the Sines of the Angle of In-

Cidence and Refraétion, when the Light goes
Vour. Il K out
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out of a rarer Medium, by which a denfer is
encompafs’d, into a denfer contain’d in the Cir-
cle itfelf. Therefore, having drawn C m per-
pendicular to #D, andthe Arc m# with the Cen-
ter C and Semidiameter C,
LLR::CL,CM::C}, Cm:: CL—C/=L/J
CM—Cm=Mau.

Draw B o perpendicular to B L, and alfo Bp
perpendicular to B D 5 and draw 4p, fo that it
may make a right Angle with Bp ; laftly, join
together by Lines the Points B, C, and M, 7,
the Triangles Bbo, BCL are fimilar ; for they
are re€tangular, and the Angles 0 B and CBL
(the Difference of each of which from a right
Angle is the Angle ¢ BC,) are equal.

It may be prov’d in the fame Manner, that
the Triangle BMC and BJp are fimilar ; the
Trian{gle Mmn, which is rectangular at #, is
alfo fimilar to this, for the Sides Mz B p,
which are perpendicular to the Line B D, are
parallel 5 as alfo M and B 4, becaufe the Lines
BD, 4D, arc bifeted at M and # into equal
Parts. Therefore alfo B % is the Double of M
7, and Bp the Double of .

Hence we deduce

BC,BL :: B4, Bo.
BC,BM:: Bs, Bp.

Therefore

BIL,BM:: Bo=L/,Bp=2M=n:: I,
2R::CL, 2CM, by comparing thefe Pro-
portions with the aforefaid Proportion,

Now fince the Squares of proportional Quan-
tities are themfelves proportional, you will
have

BL9 CL*:: BMY 4CM*
Whence we deduce

BL4ClL?:: BCY, BLY:: BM*44CM?
=BCi4 3 CM% BM*=BC*— CM*=
BLxLCi—CM?", - T By
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By fubtrating the firftand fecond Term from
the third and fOUl’th, ('\VhiCh does not CI]H.l]gC
the Proportion) you will have

ch, BLq’ s ; CMQ, LC!]'—CMQ, ol 3
Ra, Ja—R4; for there is the fame Ratio be-
tween CM and L C as berween R and I.

If therefore you know the Ratio between R,
and I, you have the Ratio between the Semidi-
ameter B C, and the Line B L; which is the
Sine of the Angle B CL, which Angle thercfore
is given ; and by Confequence you have the Are
BN, and alfo F G, for they are equal.

Having the Sine BL, you have alfo the Sine
of the Angle B CM; becaufe (as we have{hewn
before)

BL, BM :1 I,‘ 2 R.
Therefore the Arc BD is determin’d, towhich
DF is equal. ‘ 7

Hence we may eafily find the Arcs N'H and §7¢
BF; ifthe former be taken out of the latter,
and the Remainder be divided into two equal
Parts, wefhall have, as is well known, the Mea-
fure of the Angle APG.

When the Ratio between I and R varies, the
Angle A P G ischanged, which thercfore becomes
different, accordingto the different Refrangibili-
ty of the Rays.

If the abovefaid Surface be enlightencd by hetero~ 88
Zeneous Rays, as they flow from theSun, he ofi-
cacious Rays of different Colours do not make equal
Angles with the incident ones, and {o by the Help
of this Refraction the Colours ave [eparated.

Plate XVIIL. Fig. 4. Experiment 1.] Let the
_Sun’s Light enter the dark Chamber, thro’a Slit
n the moveable round Plate O, and being hori-
Zontally refle€ted from the Looking-glafs S, let
it pafs thro’ a Slitin the little Board or Stand T' 5

K 2 a8
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as has been before explain’d.* Take a Phiol
exaltly cylindric, made of clear Glafs, and full
of Water. Let the Beam orRayat f g fallupon
the Surface of the Phiol, it will be refraéted inthe
‘Water towards 44, and there reflected, and will
go out of the Phiol at / . The Phiol may be -
eafily fo placed, as to make thefe Rays efficaci-
ous ; :m(i becaufe of the Breadth of the incident
Ray or Beam, efficacious Rays of all Colours
will go out of the Phiol in the fame Time; for
they are very little diftant from one another in
their Incidence. 1f thefe efficacious Rays fall up-
on a white Paper, at the Diftance of 4 or y Feet
from the Phiol, they will produce vertcal Fafiie
or Pillars, of various homogeneous Colours, a-
rifing from the efficaciousRays of each Colour;
if allo, the Eye be placed any where at the Di-
ftance of {ome Feet from the Phiol, asat N, in
thefe efficacious Rays, it will fee in the Phiol
that Colour whofe Rays enter the Eye, andbya
fucceflive Motion of the Eye, itwill perceive all
the afore-mention’d Colours*

Plate XVIII. Fig. .] But as to thofe Rays,
which after a double Refraction in a denfer Me-
dium emerge, they will be efficacious, if they
are parallel after the firft Reflexion ; for then
FH, fh, are in the fame Manner inclin’d to HA
as BD, 4d, to Bé; and therefore fuppofing the
incident Rays A B, a4, to be parallel, theemer=
ging Rays HI, %i, will alio be parallel *.

In this Cafe 4D is Half of the Ditference be=
tween the Arcs DE anddf, or DB and 4 &,
but their Difference is B 4 —Dd ; if therefore
this laft be fubtratted from the other, there will
remain the Doubleof the Arc D4, whofe Triple
therefore is B 4. If by Lines the Points D, d,
and B, 4, be rjoin‘d, the Triangles B E # and

1

D Ed will be fimilar, asisknown; which there-
2 fore
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fore obtains, tho’ the Arcs B4, Dd, be fo very
fmall, that they may be taken for right Lines.

There is therefore that Ratio between E D
and E 5, which obtains between thefe Arcs,
that is, ED isthethird Partof E4, orEB; be-
caufe we fuppofc the Arc B / to be extremely
{mall. M D therefore is divided into two equal
Parts at E; and M E is a third Partof EB.

Now if (as in Fig. 3.) the Triangles B o 2,
B p b, and M mn, be form’d, M s will be the
third Part of B &, and Bp the Triple of Mz
now if, mutatis mutandis, W apply tothis Figure
what was demonftrated with relpeét to Fig. 3.% * 878
becaufe in this B p is equal to 3 M #, whofe
Square is o M, we thall have

BCa, BLa:: 8 R3, Ta—R4.
From which Proportion, as was faid of Fig. 3.
the Arc BIN may be difcover'd to which HG
is equal 5 and becaufe in this Cale
BL,BM:: 1, 1 R,

You have alfo the Arc BD, to which (becanfe
the Angles of Reflexion are equal to the An-
gles of Incidence) * DF and F Harc equal.  *8os

From which Things being found, we may 88,
eafily deduce the Arcs GF D N, and B H,
whofe half Difference is the Meafure of the An-
gle H P B, which is form’d by the emerging
Ray with theincident one; which Angle inthis
Cafe is the leaft of all that are like it, and is dif-
ferent according to the different Refrangibility *
of the Rays. W hence allo in this Cafe the ¢ff- gg,
cacious Rays of various Colours, [uppofing the inci~ >
dent ones parallel, are [eparated after & double Re-
Sexion.

Pilare XVI1I1. Fig. 4. Expertment 2] ThisEx-
periment is perform’d after the fame Manner as
the former, only the Situation of the Phiol mutt

K3 be
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be alittle chang’d, that after two Reflexions in
the Phiol, the Rays may come to the Eye or
Paper towards N.

What has been hitherto explain'd, may beap-
plied #o the Rainbow 5 for which Phaenomenon
it is requir’dy that Drops of Water fbould be [u/pend-
ed in the Air 5 that the Spectator [bould be placed
. with his Back towards the Sun, between it and the
i Drapsy and that there fhould be a dark Cloud bebind
hi the Drops, that the Colours may be more fenfible,

which are fcarcely perceiv’d, if vivid Light en-

ters the Eye ar the fame Time.
If thefe Things being {uppos’d, we conceive
each Drop to be cut by Planes paffing thro’ the
Sun and the Eye of the Speétator ; what has
been demonltrated of a Medium, terminated
# g7, With a circular Surface,* may beapplied to each

879, of thefe Sections.

:% Now here we fpeak of Rays that penetrate
Lgi out of Air into Water. In red Rays, that is,
883. thole which are leaft of all refrangible, the Ra-
tio between the Sine of the Angle of Incidence
and the Sine of the Angle of Refra&ion, that
is, between I and R, is that of 108 to 81 ; or
whichis thefame, of 4 to 3; with which Num-
bers, if the Computation be made, the Angle
¥879 APG (Fig. 3.) will be 42 Deg. 2 Min. *, and
: the Angle API (Fig. 4.) will be fo Deg. 57
! 882 Min.* If we {peak of the violet Rays, I and
R are to oneanotheras1ooto 81; which Num-
.. bers give the Angles APG (Fig.3.) of 40 Deg.
; > 3’{39 17 Min¥*, and AP 1(Fig.4.) of y4 Deg.7 Min.*
| ® Plate XIX. Fig. 1.] Let the Drops be {up-
| pos'd to be diffus’d in the Air, and enlighten’d
by the Sun’s Rays, which are parallel to one
another, and to the Line OF, that pafles thro’
the Eye of the Speétator. Let the Lines ¢ Oy
£0, 40, B O, beconceivd to bedrawn; alnd
3 ¢t

88
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let the Quantity of the following Angles be thus,
(viz.) eOF of 40 Deg. 17 Min. EOF 42 Deg.
2 Min. » O F 5o Deg. y7 Min. BOF 54 Deg.
7 Min. Thele fame Lines with the incident
Rays d e, DE, @b, A B, form Angles that are
refpectively equal to the aforemention’d 5 there-
fore, if the Drops be conceiv’d at ¢ E, & B,
the violet efficacious Rays, after one Refiexion
in the Drop ¢, enter the Eye 5 and the red effi-
cacious Rays come tothe Eye from the DropE3
in like manner after one Reflexion, the otherin-
termediate Colours are obferv’d between ¢ and
E, in the above-mention’d Order®. Aftertwo
Reflexions in the Drop, the efficacious red Rays
come to the Eye from the Drop #; and theefhi-
cacious violet ones from the Drop B; the inter-
mediate Colours appear between thefe Drops
after the fame Manner as between E, ¢35 buc
they are difpos’d in a contrary Order, and by
reafon of their double Reflexion are alfo
wealker.

Let us conceive a Line at O ¢, to be revolv’d
about a fix’d Line O F, preferving the Angle
e OF, and to form a Cone or Part of a conic
Surface ; In every Situation the Line eO will,
with the Rays of the Sun that ate parallel to
one another, and to the Line OF, form an An-

135
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gle of 40 Deg. 17 Min. - If therefore zhe Drops 88

be diffus’d near Part of the Surface of this Cone
at the fame or different Diftances, #he Eye will
fee @ violet Arc or Bow : The fame may be faid
of theother Colours; and therefore Drops being
fuiiDCﬂdt‘d in the Air, it feesan Arc or Bow of
the Breadth e B, zing’d with the bomogencous Co-
lowrs before-mention’d *, that are difpos’d in the
fame Order as in the Experiments with Prifins;

ecaufe the heterogeneous Rays arc {eparated as
much in the Drops as in the Prifm*,

: K4 By
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886 By the fame Way of reafoning it is plain
there will be a broader. Arc or Bow urrounding the
Jirfly in which the fame Colours will appear in a con-
; trary Ordery and weaker.

Experiment 3.] Hang up a black Cloth in the
Light of the Sun ; and let a Speétator look atit
ftanding between the Sun and the Cloth ; then
if Water be made to fallin {mall Drops between
the Spectator and the Cloth, the Speétator will
fee a Rainbow, at leaft the inner one.

CHAP XXIL
Of the Colours of thin Plates.

E pafs on to the Colours of natural Bo-

dies ; and before we goany farther, we

think it proper to examine thin Plates. Who-
ever attentively has obferv’d very thin Glafs, or
Bubbles made of Water thicken'd with Soap,
muft have perceiv’d feveral Colours in them.
Rays of Light, by Help of a thin tranfparent
Plate, are feparated from one another, and ac-
887 cording to the different Thickuefs of the Plate, the
Rays of fome Colours are tranfmitted, and thofe of
others are reflected 5 and the fame very thin Plateis

of another Colour, when feenby the tranfimitted Rays,

. than when feen by the reflefted ones.

Esperiment 1. Plate XVIIL Fig.6.] Take two

Objett-Glaffes belonging to long Telefcopes,

AB and CD ; and let one of them be laid up-

on the other ; then let them be prefs'd toge-

ther hard, and in the Middle, where the Glaflés

touch one another, you will fee a tranfparent

Spot, which is incompals’d with colour’d Cir-

5 cles. 1f the Light, refle@ed by the Air thatis
: between
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between the Glafles, comes to the Eye at O,
there will appear a black Spot; and the Co-
lours, which, as yourecede from the Center, are
fo difpofed, that by realon of the fame Colours
coming over again, they may be referr'd to fe-
vera] Orders, willbeas follows; BLACK, Blue,
White, Yellow, Red: VIOLET, Blue, Green,
Yellow,Red: PURPLE, Blue, Green, Yellow,
Red: GREEN, Red; which Colours are
allo incompafs’d with other Colours; but, asyou
recede from the Center, grow continually weak-
er and weaker.

If the Light paffes thro’ the Glafs to the
Eye at O, the tranfparent Spot which tranfmirs
all the Rays is White 5 and by that Series, as
you recede from the Center, there will appear
Colours, which arc alfo referr’d to feveral
Orders contrary to thofe above-mention’d :
WHITE, yellowith Red, Black Violet, Blue:
WHITE, Yellow, Red, Violet,Blue: GREEN,
Yellow, Red, bluith Green: RED, bluith Green,
which are alfo incompafs’d with weaker Co-
lours.

Experiment 2] Blow up foap’d Water into a
Bubble, to form a thin Plate of Water. Let
this be cover’d with a very clear Glafs, lefty by
the Agitation of the Air, the Colours, tobeob-
ferv’d in that Bubble, fhou’d be confounded by
the Motion of the Water. Such a Bubble, be-
caufe the Water continually runs down every
Way, is very thin at Top, and the Thicknefs in
going down is continually increas’d ; and for
the {ame Reafon the Thicknefs of the Whole is
continually diminifh’d. Before the Bubble breaks,
the Top of it becomes fo thin, as to tranfmit
the whole Light and appear Black. If in that
Cafc the Bubble be obferv’d by reflefted Light,

when
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when it is enlighten’d by the Reflexion of a
whitith Sky, and the extraneous Light is inter-
cepred by placing any black Body behind the
Buabble 5 the black Spot above-mention’d will
appear, and be encompals’d with the fame co-
lowr’d Circles, difpos’d in the fame Order as
about theblack Spot in the former Experiment.
As the Water defcends, the Rings are continu-
ally dilated till the Bubble burits.

When the extreme Circumference of the Bub-
ble appears red by the refleéted Rays, if it be
Iook’dat {o as to befeenby the tranfmitted Rays,
it will appear blue ; and generally the Colours
produc’d by tran{mitted and refleCted Rays, in
the{ame Manner as in theforegoing Experiment,
are oppofite to onc another.

By comparing thefe Experiments, it follows,
that if we increafe the Thicknefs of @ very thin Plate,
#ts Colowr will be chang'd, and therewwill be the faine
Chauges fucce[fively, and in the [ame Ordery whether
the Plate be form’d out of a rarer or a denfer Medi-
ame.  For in the Plate of Air, betweenthe Glaf-
{es, and the watery one in the Bubble, whofe
"Thicknefs increafes as it goes farther from the

880 Middle, the Colours will be in the fame Order.,

Yet ina denfer Platea Iefs Thicknefs is vequiv'd than
i 4 ravery 0 have it ting'd with the faie Colour.

Experiment 3.] Every thing being difpos’d as
in Experiment 1. if you wet the Edges of the
Glaffes a little on one Side, the Water will by
degrees infinuate 1tfelf between the Glaffes § and
there will be obferv’d the fame colour’d Circles
as in the Air, neither will their Order be chan-
ged, but the Circles will be lefs; when the Wa-
ter is got as far as the Center, all the Portions
of the Circles in the Water will be {eparated
from the Portions of the Gircles in the Air, and
be all reduc’d into a lefs Space. Tise
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The Colour of a Plate depends upon its Thickne/s* 8 oo

and Denfity, and not upon the encompaffing Medinm. : 237
9

Experiment 4.7] 1f you take a Piece of Ifing-
glafs or Talk, fo thin as to have it colout’d, the
Colours will not be chang’d by wetting it; that
13, if inftead of Air the Plate is incompals’d with
Water,

The Colour of the [ame Plate is o much themore Sp1

vividy asits Denfity differs more from the Denfity of
the circumambient Medium. This is prov’d by the
foregoing Experiment, in which the Colours of
the Plate, when wer, are more languid than
thofc of the fame Plate incompas’d with Air.
In the third Experiment alfo the Colours are
lefs vivid than in the fecond ; in both thereis a
Plate of Water ; but in the fecond Experiment
it is inclos’d with Air, and in the other with
Glafs; bur Water and Glafs differ lefs in Denfity
than Air and Water.

If Mediums equally differ in Denfity, the Colonrs 892,
will be mpre vividy if the denfer be tncompafs’d with
the rarer : For a very thin Glafs Plate, which is
colour’d on account of - its Thinncfs, being in-
compals’d with Air, the Colours will be more
vivid than in Experiment 1. in which a Plate of
Air is incompafs’d with Glafs.

A Plate of the fame Denfity, incompafs'dwithihe g 02
Jaue Medium, will refleit [o much the more Light 2
as it is thinner. Yot if the Thickne(s betoo much di- § 04
minifly'dy it does mot veflefE the Light. All this is
Plain from the foregoing Experiments ; 'in the
three firft, the colour’d Circles which are the
leaft, and which are allo the thinneft, refc&t
Light beft of any ; but in the Center, where
the Spot is the thinneit of all, there is no fenf.
ble Reflexion ; as this clearly appeats in the fe-
coud ; In the firft there s allo a very thin Plare

ot
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of Air, which does not refle& Light ; for the
tranfparent Spot in the Center is much bigger
than thole Parts of the Surfaces of the Glafles,
which immediately touch by the yielding In-
wards of the comprefs’d Parts.
8oy If there are Plates of the fame Medium, whofe
Thickne(Jes are in an drithmetical Progreffionof the
Natural Numbers 1, 2, 3, 44 §y 65, 7, (Fc. If
the thinneft of them allreflects any bomogeneous Rays,
the fecond will tranfmit the fame, the third again
will refle¢t them, and the Rays will be alternately
reflelted and tranfmitted; thatis, the Plates whofe
Thickneffes in the above-mention’d Progreffion
anfwer to the odd Numbers 1, 3, 1, 7, £5¢. re-
fle€t the Rays which the otherstranfmit, whofe
Thicknefles anfwer to the even Numbers 2, 4,
6, 8, {dc. :
This Property of the Plates obtains in refpeét
of any Sort of homogeneous Rays, with this
Difference, that different Thicknefles are re-
quir'd for different Colours, as has been faid be-
* 887 fore *; the thinneft of all for reflefting Violet,
and they muit be thickeft for refleéting Red; if
the Thicknefies are intermediate, the Rays of
an intermediate Refrangibility are refleted, that
896 is, as the Refrangibility of the Ray increafes, the
Thicknefs of the Plate, that vefleés ity is diminifb'd.

Experiment ¢.] Let the Experiment be made
in a dark Room to produce the oblong Image
of the Sun upon a Paper, fuch as is mention'd
in Experiment 1. Chap. 18. Take two Objeét-
Glafles of long Telelcopes (fuch as were men-
tion'd in the firft Experiment of this Chapter)
let them be prefs’d together, and fo difpos'd,
that every fingle Colour of the Image above-
mention’d may be fucceflively feen in them as in
a Looking-glafs 5 that is, that the Glafles ml;lY

¢
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be fucceflively enlighten’d by feveral homogene-
ous Rays ; which may be done, by gently mo-
ving about its Axis the Prifm that {eparates the
Rays to make the oblong Image. ‘The Rings,
mention’d in the firft Experiment, appear, but
more in Number, and only of one Colour ; by
Reafon of the Unchangeablenefs in homogeneous
Rays: * In the Interftices of thofe Rings the * 863
Rays are tran(mitted, as plainly appears by hold-
Ing a Paper behind, upon which the tranimitred
Rays will come ; the Rings are leaft of any,
when they are violet 5 then are fucceflively dila-
ted, confidering the following Colours, quiteto
the Red. The Rings being of any Colour, if
you meafure exaétly the Diameters of the Cir-
cles that may be conceiv’d to be in the Middle
of the Breadth of the Rings, the Squares of
their Diameters will be to one another as the
odd Numbers1, 3, §, {9¢. and meafuring inthe
fame Manner the Diameters of the Circles in
the Middle of every one of the Interfices be-
tween the Rings, the Squares of their Diameters
will be as the even Numbers 2, 4, 6, (9. Now
in ufing {pherical Glafles, the Thicknefles of the
Plate of Air, in the Circle above-mention’d, are
as the even and odd Numbers.

DEFINITION.

A homogeneons Coloury in a Plate of any Medi- 897
um, is faid to be of the firft Order, if the Platebe
the thinnef} of all thofe that reflect that Colour 5 in
a Plate whofe Thicknefs is tripley it is faid to be of
the fecond Order, (ge.

A Colour of the firft Order is the moff vivid of 898
any 5 and [ucceffively in the following Orders, in
the fecond, thirdy &c. it is lefs and lefs vivid. *  *893

W hen a Plate of Air is inlighten’d with he-
terogeneous Rays, as that between the Glafles

of
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of the Telelcopes, or any Plate like it of any
other Subftance, as in Experiment 1. and 2. feve-
ral of the Rings feen in the laft Experiment are
confounded together, and that Colour is feen

899 which is made ot their Mixture ; for the [fame
Thicknefs of a Plate is often requir'dy for refleiting
different Colours of various Orders : So a Plate,
which reflefts the Violet of the third Order,
does allo refleét the Red of the fecond Ordery
as may be deduc’d from the laft Experiment, it
you attentively confider it : Thercfore in the
firft and fecond Experiment, the third violes
Ring is confounded with the outward Edge of
the fecond red Ring, and purple Colour is
produc’d 5 vet all the Red of the fecond Order
is not ablorb’d, becaule the red Ring is wider
than the violet one.

900 - The move the Thicknefs of a Plate is increas'dthe
more Coloars it veflects, and different ones, of diffe=
rent Orders.  The violet Plateof the tenth Or-
der falls in with the blue one of the ninth Order,
and the yellow one of the eighth Order, and laft<
ly with the red one of the feventh Order; andthe
Colour of the Plate is made up of a Mixture of
thofe Colours.

991 Jf in the firft and fecond Expcriments 2 Spe-
tlator look obliguely upon the Plates, {uch as that
made of Air, and that which is made of Water,
the Rings will be dilated as they are feen more
obliquely, thatis, in that Motion of the Eye
the Colour of the Plate ina determinate Place s
chang'd 5 yet the Dilatationis greater in the firfk

£02 Experiment 5 which proves, that the Colour is
more chang'd by the Obliquity of the Rays, if the
Plane be incompafs’d with a denfer Medium, thanif
i be inclos’d by a vaver Medinm.

Plate XVIIL Fig. 7.] The Demonftration of
which Propofition is eafily deduc’d from the
Laws
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Laws of Refraction. Let L and / be thin Plates

the laft incompals’d with a denfer, and the firft

with a rarer Medium 3 let them both be of the

fame Thicknefs : If the Rays A B, b, cqually

inclin’d tothe Plates, fallupon them, there wiil

be at L. a Refraction towards the Perpendicu-

lar ; * on the centrary, at / the Raysare refracted * ¢;

from the Perpendicular; * and tho BD and 44 * 62

are equal, & ¢ is longer than BC; and therefore

there is a greater Change in the Motion of the

Light in the Plate / than in the Plate L.  Zke 903

Denfity of the Plate L being increas’d, the Medium

With whick it is incompafs’dremaining the fame, there

will be a lefs Difference between BC and B D,

and therefore a lefs Change of Colonr 5 and if the go4,

vefracting Power of the Plate be {o increas’d, that

the refraéted Rays (whatever be the Obliquity

of the incident ones) fhall not fenfibly differ,

there will be no fenfible Difference in the Colour of

the Plate, whatever Situation the Eye is plac’d in.
Hence we may eafily deduce, that zbe Colour 05§

of fome Plates will vary by changing the Pofition of

the Eye, and that the Colour of others is permancit.

—

CH AP XVIIIL
Concerning the Colours of Natural Bodies.

HAT relates to the Colours of all Sorts
of Bodies may be eafily deduc’d, from
What has hitherto been explain’d.

We have thewn that the Rays of Light have

Colours peculiar to themfelves and unchangeable,
fo as not to be chang’d by Reflexion. * * g6
Therefore the Rays veflected from Bodies .
Cording as G greater or lefs Refrangzibility is pro
20 the Colonr of the Body itfelf, bave ¢ ereater g5
lefs Refrangivility.

&= o6
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Experiment 1.] In the Middle ofa black Pa-
per fix two fquare Pieces of Ribbon, the one
red and the other violet, which muft be join'd
fo as to touch one another at their Sides in the
fame Manner as the red and violet Colours in
the third Experiment of Chap. 190. The black
Paper muft be fo plac’d, thar the Ribbons may
be well inlighten’d by the Light that comes in-
to the Room thro’ the Window : If a Speétator
looks at thefe Ribbons thro’ a Prilm, as in the
Experiment above-mention’d, the Colours will
appear feparated in the fame Manner as in that
Experiment.

Experiment 2. Plate XIX, Fig. 2.] Place the
two Ribbons mention’d in the former Experi-
mentat R and V'; let the laft be violet, the firft
red ; let them be inlighten’d by the Flame of
a Candle ; at fix Feet Diftance place the con-
vex Lens V'3 (of which Mention has been made
in Exper. 6. Cap. 19.) at the Diftance of about
fix Feet, you will have the Reprefentation of
the Ribbon R upon a white Paper at r 5 at alefs
Diftance you will have an exa& Reprefentation
of the other at v. You may determine when the
Reprefentations are exad, by binding black
T'hreads upon the Surface of the Ribbons; for

thefe Threads appear diftinétly, where the Re-
prefentation is exact.

937 That Bodies have various C olours, becaufe diffe-
rent Rays are reflected from Bodies i erently
colour’d 5 and that @ Body appears of thas Coloury
which arifes from the Mixture of the refleted Rays,
may not only be deduc’d from the foregoing
Experiments, but may be allo demonitrated
directly by others.

Experie
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Experiment 3.] Take two Bodies of any Kind,
the one red, the other blue; let them be en-~
lightened fucceffively, in a dark Place, by the Co-
lours of the coloured Image, which is made by
the Refration of the Prifm ; every one of the
Colours will be refleéted by both ; but the red
Rays are copioufly reflefted from the red Body,
whilft the blue Body refleéts butfew of them,
which plainly appears by comparing both Bo-
dies, when they are enlightened by the red; the
contrary may be obferved in blue Colours, which
are copioufly refleéted fromthe blue Body, whilft
only a few are refleted from the red one.

The Rays, which are not refle¢ted from a
Body, penetrate into it, and there fuffer innu-
merable Reflexions and Refractions, as we have
explained between N€ 842, and 843 ; till at
length they unite themfelves to the Particles of
the Body itfelf.* Therefore @ Body grows bot o *s46
much the foonery as it refletts Light iefs copionfly. 908
For which Reafon 2 white Body, which refletsal- 909
moft all the Rays with which it is enlightened, * "%7°
beats the floweft, whilft a black Body, into which
almoft all the Rays penetrate, becaufe only few
are refleted, ® acquires Heat fooner than any other, *845

To determine that Conftitution of the Sur-
faces of Bodies, upon which their Colour de-
pends, we muft take Notice of the fmalleft Par-
ticles , of which thefe Surfaces are made up:
Thefe Particles are tranfparent *, and are fepa-wg,y
rated by a Medium of different Denfity from
the Particles themfelves ; they are allo thin, *g4s
otherwife the Surface would as it were be co-
vered by a tranfparent Body, * and the Colour *s43
would depend upon the Particles under thefe.
Therefore in the Surface of every coloured Body
there are innumerable fmall thin Plates; but by

Vour IL L leflen-
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leflening the Plate, keeping the fame Thicknefs,
its Properties, as to the Reflexion of Lighe, are
not changed ; for the leaft Plate, in refpeck of the
Rays of Light, is very large : Wherefore, what
has been demonftrated in the preceding Chap.
may be applied to thefe Platesin the Surfaces
of Bodies. From whence we deduce the follow-
ing Conclufions.

910 . The Colour df @ Body depends upon the Thicknefs
*$9% aud Denfity of the Parts of the Body, which arein.
‘%I: the Surface, between the Pores of the Body.*

sy, Tbe Colour is [o much the more vivid and bowno-
oo gemeons, as tbe Parts are thinnen.™

g1z Cateris paribus, the aforefuid Paris are of the

896, greateft Thickne[s when the-Body. is red; and of the
851 Jeafl, when wiolet ¥
,9:3 The Parts of Bodies are much denfer than the

=

ggg;Mfdirmz comtained in their Intexflices.*
9oy, Fbis Deufity is lefs inthe Tails of Peacocks,and
S14infome Silks, andin general in all Bodies, whofe
. C‘;Jloil-r i:m'es according tothe differemt Situationof
~ = the Bye.®
2;)5‘ The Colour of a Body is move obfcure ang darkers
when a denfer Medinm eniers its Pores;* for then
the Parts, upen which its Colour depends, are
furrounded by a denfer Medium than before.

We experience: this in all Bodies, which are
thoroughly penetrated by Water and Oil : When
the Bodies are dry, they recover their former
Colour, unlefs. in fome Cafes, in which fome
Patts are carried away by the Adion of the Wa-
ter, or @il, or when fome Parts of the Water;
or Oil; are fo united with the Parts of the Bodys
as to change the Thicknefs of the Plates.

From fuch a Caufe are deduced: the Changes
in the Colours of fome Liquors, by their being

916 mixedwithothers. Often the faline. Particles, [wini=

ming in one Liquid, unite themfeluesito the 1{4157{9
qrtie

|
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Particles fmimming in anotber ; or the united Par-
tigles ave [epavated by the Altians of others that
are [uperadded ; on ail which docounts the Thick-
nels of the Particles s cbanged, and together withit
the Colour of the Liguids.* *388
Sometimes the Colour of & Liguid is different, 917
when [een by refleied Rays, from what it is, when
feen by tranfmitted ones: We have fhewn before
whence this arifes.® *837

Experiment 4.] An Infufion of Lignum Ne-
phriticum, that is not too much tinged, appears
blue by refleéted Rays, but yellow, if the Phial,
which contains the Infufion, be placed between
the Light and the Eye.

Experiment 5.] 1f you pour Spirit of Vinegar
into the Infufion of Lignum Nepbriticum, it will
appear yellow in any Pofition whatever.

In this Cafe the Thicknefs of the Particles is
changed, and the Rays, that were tranfmitted
through every one of them, are now intercepted;
but though the Liquor is placed betweenthe Eye
and the Light, it is feen by reflected Rays; for
we may eafily conceive that fuch Rays come to
the Eye by the various Reflexions which the Li ght
undergoes in the Liquid. But this Colour only is
fenfible, becaufe the Rays cannot penetrate di-
rectly through the Liquid.

From this we may deduce the Reafon, whya 918
colonred Liquid in a Glafs, of the Figure of an in-
werted Cone, if it be placed between the Eye and
the Light, appears of adifferent Colour, i different
Parts of the Veffel ; in the lower Part all the Rays
which are tranimitted thro’the Particles,are notin-
tercepted ; then they are more and more intercepted,
according as there is a greater Quantity of the
Liquid berween the Eye and the Light ; till ac

Vo, 1L Lz length




148 Mathematical Elements Book I1I.
length they come to be all intercepted; and only
thofe Rays which are refleCted by the Particles
penetrate the Liquid ; in which Cafe the Colour
coincides with the Colour of the Liquid feen
by the reflected Rays.

919  Clouds often appear wery beantifully coloured ,
they confift of aqueous Particles, between which
Air is interfperfed ; therefore, according to the va-

920 rions Thicknefs of thofe aqueous Particles,the Cloud

"#8 will be of a different Colour.*

The End of the Third Book.

Mathe-
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Part L Ofthe &rﬁem' of the World.

CH AP "I,
A general Idea of the Planetary Syftem.

22 E who attemtively confiders that *1s
G} Space can be terminated by no
&% Bounds, will fcarce be able to

=ty Intelligence has every where
e fame Wildom which He has
fhewn to the Inhabitants of the Earth in a {mall

L3 Compafs.
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Compafs. What 1 here call a finall Compafs,
immenfly exceeds our Comprehenfion; yet it is
but fmall, compared with infinite Space.

Qur Earth, with fixteen other Bedies (for we
have no Knowledge of any more (moves in a
determitiate Space ; neither do thefe Bodies recede
from, or come nearer to one another, beyond
their fet Bounds; and their Motions are perform-
ed according to unchangeable Laws.

DerinitionN L

This Colleftion of [eventeen Bodies is called the
Planetary Syftem.

The whole Art of 4fironomy is almoft employ-
ed concerning thefe alone ; and thefe will be chief-
ly my Subjeét in this Work : The other Bodies
that conftitute the Univerfe, are too far diftant
from us, for their Motions (if they are moved)
to fall under our Obfervations : Of thefe only
the lucid Bodies can be perceived by us ; and of
thofe only the more remarkable ones, and which
are lefs diftant fiom us than the reft ; even moft
of fuch as are feen by the Telefcope are invifible
to the naked Eye. = '

DeriNiTion 1L

All thefe Bodies are called fixed Stars.

They are called fixed, becaufe, as far as can be
perceived, they keep the fame Pofition, with re-
{pet to one another: We muft take Notice of
fomething peculiar concerning thefe hereafter.

924 But as to the Planetary Syftem: Jn thiswehave

faid here are feventeen Bodies, whichare all [phe-

vical: One only fhines by its vwn Light, the reft

ave opague, and are vifible only by the Light which

they borrow from that.

g The Suir is that lncid Body, andfar the greateft of

' =% all inthe Planetary Syffenn 1t is quiefcent inthe miizi-
£, TOR faalile e "
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- dleof 7, at leaft is agitated by a very fmall Mo-
tiom.

Derixirrion IIL

The other fixteen are called Planets.

Thefe ave divided into two Claffes ; fix are called 926
the Primary Planets ; ten are called the Secondary
Planets. When we fpeak of the Flanets, with-
out any Diftinétion, we always underftand the
Primaty ones.

The Primary Planets move ronndtbe Sun, and are 927
carried at different Diftances from it, in Curves
that return into themfelves.

A Secondary Planet rewolves round a Primary 928
one, and accompanies itin its Motion round the
Sun.

he Planets in their Motions defcribe Ellip- 929
tic Lines, not much different from Circles. Awd
all thofe Lines are fixed ; at leaft, there isbut a
{mall Change to be obferved in a long Time, in
their Situation.

Plate XXIV. Fig. 3] An Elliptic Line is930
formed, if a Thread, whofe Extremities aye fived
in the two Points F and f; is moved, remaining
ftretched ; as is to be {feeninthis Pigure, in which
the Thread is reprefented at FAf, F Ef,FBf.
The Points F, f, are called the Foci ; the Line
A a, which paffes through them, and is termi-
nated on each Side by the Circumference of the
Ellipfe, is called the greater Adxis; and it is the
greateft Line that can be drawn in the Ellipfis,
The middle Point C of the Axisisthe Center of the
Ellipfe ; and the /effer Axis D 4 falls perpendicu-
larly through this Point upon the greater Axis.

The Orbits of all the Primary Plauets are in g3y
fuch a Pofition, thas ome of their Foci falls in
withthe Cemver of the Sun’; let the Ellipfe A D ad

L4 reprefent
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reéprefent the Orbit of a Planet;: F will be the
Center of the Sun.

DeriniTIiON IV,

932 The Diffance between the Center of the Sun and
the Center of the Qrbit, is called the Eccentricity
of the Planet; as F C.

933  In gvery Revolntion the Planet approachesonce
io ihe Sum, and ouce recedes f?"{)??d it; and at its
greateft Diftance is.at 2, the Extremity of the
greater Axis of the Orbit, and atits leaft Diftance,
in the oppofite Extremity A.

DeriNniTiON V.

934 7 hat Diftauce of the Planetfrom the Sun,iscall-
ed the mean Diftance, which is equally different
from the greciefi and the leaff. At this Diftance
the Planet is in the Extremities D, 4, of the {mall-
er Axis.

Derinzitron VL
935 The Point of the Orbit, iu which the Planetis at
#ts greareft Diflance from the Sun, is called the
Aphelium; as 4.

Derixnition VI
936 The Point of the Orbit, inwhich the Planetis at
its leaft Diftance from the Sun, is called the Peri-
helium,

DeriniTion VIIL
937 ‘Thefe Paints are commonly called the Auges
oi Jpfides.

DeriniTiON 1X.

938 The Line wiich joins the Apfides, that is, the
greater Axis of the Orbit, 45 called, the Line of
the .;ip-ﬁdes. . -

' Every
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Every Orbit is in a Plane which paffes through 939
the Center of the Sun.

Derinrtion X
The Plane of the Orbit of the Earth is called 940
the Plane of the Ecliptic.
This Plane is to be continued every Way ;
and Affronomers confider the Pofition of the
Planes of the other Orbits, with refpe to this,

Derinitron XL
The Points, in which the other Orbits cut the 041
Plane of the Ecliptic, are called the Nodes,

Drrinition XIL

Tbe Line which joins the Nodes of any Orbit, 942
that is, the common Se@ion of the Plane of the
Orbit with the Plane of the Ecliptic, 75 called
the Line of Nodes.

A Planet is not carried with an equal Celerity in 943
all the Points of its Orbit ; the lefs it isdiffant from 944
the Sum, the [wifter is its Motion ; and the Times,
in which the feveral Ares of its Orbit are runthro’,
are to one another, as the Area’s formed by Lines
drawn from the Planet to the Center of the Sun :
The Arcs AB and« E are run through in Times,
which are to one another, as the Area’s of the
mixed Triangles A F B, a2 FE.

All the Planets are carricd the fame Way, and g 15
their Motion in their Orbits is contrary to that
Motion which we obferve daily in all the Ceele-
ftial Bodies, by which in one Day they feem to
be carried round the Earth; of which hereafter,

Derinitron XIII.
A Motion, [uch as is that of the Planets s theiy 946
Orbits, is faid to be in Confequentia, and direé.

Desri
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DrriniTtion XIV. '

947 The contrary Motion is called a Motion in Ante-
cedentia ; and fometimes Retrograde.

948  The more difiant the Plaunets are from the Sun,
the flower they move in their Orbits ; {o that the
periodical Times of the moft diftant ones are
greater, both becaufe they have a greater Orbit
to run through, and a flower Motion,

DeriniTion XV.

939 The Line which paffes through the Center of the
Planet, and about which it moves, is called the
Axis of the Planet.

950 The Planets, at leaflt moft of them, awd the
Sunt itfelf move roand their Axis: 'There are Two,
of which, in this refpect, Aftronomers have been
able to make no Obfervations, but which, in all
Probability, have this Motion.

951 This Morion agrees or confpires with the Mo-
tions of the Planets in their Orbits, that is, it
73 in Confequentia-

952 The Axes themflelves are moved by a parallel Mo-
tion, {o that all the Points of the Axis of a Pla-
net defcribe equal and fimilar Lines.

Degrinition XVL
953  The Extremities of the Azis arecalled the Poles
of the Planet.
p54 Plare XX. Fig. 1.] Aftronomers compare to-
" pether accurately enough the Diftances of the
Planets from the Sun, to give us an ldea of the
whole Syftem. The Dimenfions of the Orbits are
reprefented in this Scheme, in which the Points
NN fhew the Nodes of each Orbit.
055 Neverthelels we camnot compare the Dimenfions
" of this Syfem with any that we know upon the
urface of the Earth ; for no Aftronomers will affert,
' ' that
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that the Obfervations made concerning fuch a
Comparifon, are free from Error.

But, that the feveral Parts of the Syftem may 956
be compared together, we fuppofe the mean Di-
ftance of the Earth from the Sun divided into
tooo equal Parts, which we makeufe of in mea-
furing the other Diftances.

The Sun ¥, as was faid before, is agitated by 957
a fmall Motion in the middle of the Syftem ;
it moves round its Axis in the Space of 25
Days : And its Axis is inclined to the Plane of
the Ecliptic, making an Angle of 87 Degr. 30
Min,

Mercury % is the leaft diftant from the Sun of958
any of the Planets ; its mean Diftance from the
Sun is 387, its Eccentricity 8o, the Inclination
of its Orbit, that is, the Angle, formed by the
Plane of its Orbit wich the Plane of the Ecliptic,
is 6 Degr. 52 Min. it performs its Revolution
round the Sun in 847 Days, 23 Hours.

The next is Venus ¢, whofe Diftance from thegjo
Sun is 723, its Eccentricity 5, the Inclination of
its Orbit 3 Deg. 23 Min. It performs its Pe-
riedical Motion in 224 Days, 17 Hours; and
its Motion round its Axis is performed in 23
Hours.

The third Planet in order from the Sun isg6e
our Earth &; its mean Diftance from the Sun is
1000, its Eccentricity 169: It is moved in the
Plane of the Ecliptic; its Periodical Time is 365
Days, § Hours, 51 Min. and the Motion about
its Axis is performed in 23 Hours, 56 Min. 4 Sec.

Its Axis makes an Angle with the Flane of the
Ecliptic of 66 Degr. 31 Min.

The mean Diftance of Mars & from the Sun 961
is 1524, its Eccentricity 1zr, the Inclination
of its Orbit 1 Degr. 52 Min. Its Periodical
Time 686 Days, 23 Hours. Its Revolution
o 1 ‘ - about
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about its Axis is
Min,

962  Fupiter ¥, the biggeft of all the Planets, is di-
ftant from the Sun, at a mean Diftance 5201, its
Eccentricity 250. The Inclination of its Orbit
I Degr. 20 Min. 'ThePeriodical Time 4332 Days,
12 Hours ; and its Revolution about its Axisin
9 Hours and §6 Min.

963 'The mean Diftance of Szturs h, the moft
diftant Planet from the Sun, is 9538 ; its Ec-
centricity 547 ; the Inclination of its Orbit 2
Degrees 30 Min. The Periodical Time 10759
Days, 7 Hours. ~ It is encompaffed with a Ring
which does not touch the Planet, but never
leaves it. ‘This Ring is not vifible withour 2 Te-
lefcope,

The mean Diftance being given, if you add
the Eccentricity, you will have the greateft Di-
ftance ; but if you fubftra® the Eccentricity
from the mean Diftance, you will have the lealt

*836 Diftance, *

964 The three Planets, Mars, Fupitery and Saturn,
which are more diftant from the Sun than the
Earth, are called the Superior Planets; Vemns and
Mercury are called the Inferior ones.

965 Of the Primary Planets, three are accompanicd
by Secondary ones,

Five Planets called Satellites, move about $z-
turn 5 four about Fupiter; one about the Earth
(©iz.) the Moon.

‘The fecondary Planets, except the Moon, are
not vifible to the naked Eye.

966  The Satelistes, by Linves drawn to the Center of
the Primary Plancis, deferibe drea’s about them
Preportional to the Times ; as has been {aid of the
¥rimary Planets, withrefpeét to the Center of the

performed in 24 Hours, 4o

*o4qoun*

The
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The Moon moves about the Earth in an Ellipfe, 967
one of whofe Foci is in the Center of the Earth, 968,
from which the mean Diftance of the Moon is 6c 969
.Semidiameters of the BEarth and a Half: fts Ec-
centricity is liable to Change ; the mean one is of
3 Semidiameters and a Third. The Plane of its
Orkit forms an Angle with the Plane of the E-
cliptic of § Degr. but this Inclination is not con- gno
ftant, or always the [ame. In the Motion of the
Moon roundthe Earth, neitbertbe Line of the Nodes,
nor the Line of the Apfidess is carried in a parallel
Motion ; but the Line of the Nodes Weftward, or
in Antecedentia; the Lines of the Apfides Eaftward,
orin Confequentia ; the firft performsits Revolution
in about 9 Years, the fecond in 19. The Perio-
dical Time of the Moon’s Motion about the
Earth is 27 Days and about 7 Hours ; and it is
turned about its own Axis exactly in the {ame
Time.

Plate XX. Fig. 2.] The firft or inmoft of the 971
Satellites of Fupiter is diftant from Fupiter’s
Center 2¢ Diameters of Fupiter : 1t is moved
round Supiter in one Day, 18 Hours, 28 Min.

The Diftance of the Second is 4 and an Half
Diameters of Fupiter : Its Periodical Time is 13
Hours, 18 Min.

The Diftance of the Third is 75 Diameters; its
Periodical Time 7 Days, 4 Hours.

The Fourth is diftant 125 Diameters: It per-
forms its Motion in 16 Days, 18 Hours, 5 Min,

Plate XX. Fig. 3.) The firft or inmoft Satel-972
lite of Sazurn is diftant from Sarurn’s Center 35 of
a Diameter of the Ring: Its Periodical Time is
1 Day, 21 Hours, 18 Min.

"The Diftance of the Second is 1 Diameter of
the Ring : Its Periodical Time is 2 Days, 17
Hours, 41 Min

The
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The Diftance of the Third is 13 Diameter of
the Ring ; its Periodical Motion is 4 Days, 13
Hours, 47 Min,

The Diftance of the Fourth is 4 Diameters of
the Ring ; its Periodical Time 15 Days, 22 Hours,
41 Min,

The Diftance of the Fifth is 12 Diameters of
the Ring ; its Periodical Time is 79 Days, 7
Hours, 53 Min.

Concerning the Motion of thefe, as alfo of the
Satellites of Fupiter about their Axes, we can
hitherto determine nothing certain from Aftro-
nomical Obfervations.

If we take Notice of the Diftances and Peri-
odical Times of the Planets, we fhall find that the
following Rule holds good in our Syftem, where-
ever feveral Bodies are moved round the fame
Point, that is abost the Sun, Saturn, and Jupiter;

974 (viz.) The Squares of the Periodical Times are to

one another, as the Cubes of the mean Diftances
Jrom the Center,

975 Plate XX. Fig. 4] To give a Notion of the

Dimenfions of the Bodies themfelves in our Sy-
ftem, we have contrived the fourth Figure, in
which all the Primary Planets, and Saturs’s Ring,
are defcribed, according to their Dimenfions ; the
Sun, whofe Magnitude exceeds all the reft, is re-
prefented by the greateft Cirgle (Fig. 1.) that is,
the Circle which terminates the Figure.

Thefe Dimenfions reprefent the Proportions of
the Bodies one to another exaétly enough, if you
except the Earth, which, for the Reafon already

955 mentioned,* cannot be fo compared with the o-

ther Bodies, as to leave no Room to doubt what
Proportion it bears te them,

976  Yetthe Earth’s Diameter maybe meafurady and

contains 3.400669 Perches, each of whichis equalto
12 Rbyntand Feet ; but altho’ the Diameters of the
other
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other Planets may be compared together, and
with the Sun’s Diameter, yet it can’t be deter-
mined how many Fect they contain, till after
Obfervations fhall be made at 3 proper Time
hereafter,

Of the Bodies that make up the Planetary 997
Syftem, zhe Moon only can be compared to the Earth 3
its Diameter being to the Diameter of the Moon,
as 4o0to II.

Tbe other fecondary Planets are not meafured by gn§
dftrogzomers, but it can’t be doubted, but thap
fome of them are bigger than the Earth, g

Befides the Bodies already mentioned,, thereg7g
are others in the Flanetary Syftem, which are
vifible for a Time, as they come near the Sun,
and then recede from it, and become invifible;
they are called Comets. They appear moft com-985
wonly with Tails, andthe Tail is alwaysturned from
the Sun ; in their Motion they deforibe Ared’s, by
Lines drawn to the Center of the Sun, propostional =g,
to the Times, as has been {aid of the Planets.* 966

s to Camets, it i5.probable that theymove in el- 981
liptic Qrbits, that are very eccentric {o that the
are invifible, when they are in that Part of the
Orbit which is moft diftant from the Sun ; which
is deduced from the Periods of fome of them,
that have been obferved to be pretty regular :
And it is plain from Obfervations,. thar fome bave g3,
defcribed in their Motion Portions of very eccen-
tric- Eclip(es, in one of whofe Foci was the Center
of the Susm.

The Notion, that we have hitherto given of
the Planetary Syftem, is founded upon. Aftrono.
Mical Obfervations; and what we haye already
{aid admits. of no. Difpute among Aftrenomers, if
We except what relates to the Elliptic Line and
the Motion of the Earth.

Some




1H& 160

Mathematical Elements Book IV.

Some affirm, that the Orbits of the Planety
are not Elliptic, but that in their Motion they
defcribe another Qval : Kepler has deduced from
Tycho Brabé’s Obfervations, that thefe Lines are
Elliptic ; and we fhall fhew in the following Part,
that no other Curves can be deferibed by the
Planets.

Thofe that fay the Earth is at reft, have no
Aftronomical or Phyfical Argument for a Foun-
dation of their Opinion; that is, don’t reafon
from Phenomena : Negleing the Simplicity of
the Syflem, and the Analogy of the Motions,
they affert, that their Opinion is not contrary
to Obfervations ; in which they err, as we fhall
thew in the following Part.

C.H A F.. 1L
Concerning the Apparent Motion.

\, HOEVER, after having read the for-

mer Chapter, looks upon the Heavens;
will fcarcely believe, that he beholds the Syftem
which is explained there ; and a more exact
Confideration of the heavenly Motions will en-

983 creafe his Doubt. No Wonder, fince we™ can 0b+

[erve very little in the Heavens but falfe Appear=
ances.

The common Obferver of the Heavens is 2
Spectator, who, thinking him{elf to be at reft,
is carried about by various Motions, and be-
holds Bodies, concerning whofe Diftance and
Magnitude he makes falfe Judgments. 'The true
Syftem of the World was unknown for many
Ages, even to the moft exa@ Obfervers ofthe
Heavens.

But
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Bur we muft explain how all Things, which 984
are obferved in the heavenly Bodies, have Place
in the Syftem that has been explained, in refpeét
of a Spectator upon the Earth; that s, we thall
deduce the Appearances from the true Motions,
Which cannot be done, unlefs we firft lay down
fome general Things concerning the apparent
Motion in general.

. It is certain, that we have no Art, by which we
can difcover the true Motion, only the rélative
Motion can be perceived by the Senfes ; and it i
that only concerning which we treated in the
former Chapter. Who can reafonably affirm or
deny, that all the Bodies, which aré known to
us, are not carried in 2 common Motion through
the immenfe Spaces ? %

The relative Motion to be diftinguifbed from the 985
apparent one 3 for the apparent Motion is the
Change which appears to be in the Situation of
the Bodies, and depends upon the Change of the
Picture in the Bottom of the Eye ;" for Objeéts
have the fame apparent Relation to one another,
as their Reprefentations have in the Eye’; for they
are feen as they are painted ‘in the Eye ; * *16
and the Change in that Picture, from the Moti-
on of the Bodies, moft commonly differs from the
Change of the Relation between the Bodies
themfelves ; as follows from the Formation of that
Piture.

Zhe Heavens are nothing but an immenfe Space, 086
Which cannot be feen, and would appear black, * *g4s
if inntimerable Rays of Light, flowing from the
1cavenly Bodies, did not continually penetrate
our ‘Atmo{'phere. Moft of them come to us
Tom the Bodies in right Lines, yet a great ma-
0y {uffer various Reflexions in the Atmofphere,
And enlighten the whole 'Atmofphere ; which js
the Reafon that, in the Day, Bodies are enlight-

Vor II M ened,
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ened, evenwithout the Reflezion of the Clouds,
to which the Rays of the Sun cannot come di-
retly.

Thefe Rays are heterogeneousand white ; for
there are Bodies enlightened by thefe Fays which -
appear white : And thefe Bodies feen through
Prifms, at the Extremities, are tinged with Co-
lours, which does not happen in an homogeneous

=374 Colour ; * alfoa Circle of white Paper of Half an

Inch Diameter, being put upon black Cloth, if
it is enlightened by thefe Rays, it will appear ob=

*86! Jong through the Prifm ; * and the fame Colours,

98~

which are obferved in the Rays of the Sun, are
feen here in the fame Manner : All which Things
would not happen, if the Air, as many think, was
a blue Liquid; that is, through which only the
Sun’s blue Rays, at leaft moftly fuch, pafs.

When we look at the black Sky, the white Raysy
beforementioned, enter our Eyes, whence the bine
Colour of the Sky arifes. Becaufe we are accuftom-
ed to fce 2 Colour where there is a coloured Ob-
je&, we alfo refer the Colour of the Heavens to
an Object; but fince this is {een equally towardsall

988 Parts, we conceive a concave [pherical Surfaces i

989

whofe Center we are placed; we imaging this Sur-
fase to be opaque, and therefore diftant frouus be-
yond all wifible Bodies.

When a Body is between 2 Plane and the Eye,
of whofe Diftance we cannot judge, the Body ap-
pears to us to be applied to the Plane, whatfo-
ever the Diftance is between that and the Plane;
for there is no Reafon why the Parts of the
Plane, which are painted at the Sides of the Image
of the Body in the Eye, fhould not appear at the
{ame Diftance with the Body.

Thence alfo all the celeffial Bodies (of which
the leaft diftant from uss (viz.). the Moon) is

yet fo removed that we can give no ]udgmc“';,
| 0
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of its Diftance *, are referred to that imaginary ~73%
Sphere above-mentioned ;andthey ali appear equals
Iy diftant, and [eem to moveinthe Surface of 2 con-
cave Sphere. Sothe Moon appearstobe amongft
the fixed Stars, although its Diftance bears fcarcely
any fenfible Proportion to the Diftance of Sazurs
and the Diftance even of Sazurs itfelf is nothing,
compared with the immenfe Diftance of the fixed
Stars. It is no Wonder therefore, that the com-
mon People know nothing of the Magnitude of
the celeftial Bodies, and the lmmenfity of the
Heavens.

We fee from what has been faid, how the Mo-
tion of any Body being given, and the Motion of
the Earth being known, the apparent Motion
may be determined.

We have faid that a Sphere is imapined be-
yond the fixed Stars, in whofe Center is the
Speftator : * The Orbit of the Earth is fo {mall, *935
in refpect of the Diameter of this Sphere, that
the Center of the Sphere is not fenfibly changed
by the Alteration of the Place of the Speétator,
whilft he is carried along withthe Earth. Where-
fore in ali the Points of the Earth's Surface, and at ggo
any Time, the Inbabitants of the Earth imagine
the [aime Sphere, to which they refer the beavenly
Bodies , and which hereafter we fhall call2be Sphere
of the fixed Stars.

Thefe Things being laid down, #f we conceive ggx
a Line to be drawn through the Earth, and a Body,
which, being continned beyond the Body, cuts the g=
forefaid Sphere ; we bave a Point, to which the a-
bove-mentioned Body is referred, and which is the
apparent Place of that Body.

Whilft the Body, or the Earth, or both are
moved, this Line is moved alfo, and tke apparent 992
Motion is the Liney which is defcribed among f the
fixed Stars by the Extremity of the Line aboves

You IL M2 mentioned,
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mentioned, which goes throneh the Earth and the
Body, whofe apparent Motion is obferved. '

‘Therefore the (ame Appearances wiil follow from
the Earth’s being movedount of its Place, as if the
Body bad been mwoved, and the [ame alfo may be
deduced from the Motion of both.

994 But if the Body and the Earth be fo moveds thas

the Line which paffes through thefe Bodies be car-
ried in a parallel Motion, the Bodywill feem to be
at reft amongft the fixed Stars ;becaufein this Cafe,
the Space, gone through by the End of the
Line amongft the fixed Stars, cannot exceed the
Space gone through by the Earth; but the Line that
is equal to the whole Space which the Earth can go
through, at o great a Diftance as the fixed Stars,
is not fenfible to us.

995  Fromthe Motion ofthe Earthround its Axisthere

is alfo produced an apparent Motion, which will be
eafily deduced in its proper Place from the Foun-
dation laid down in this Chapter.

That the apparent Motion differs from the rela-
tive, and is varied by the Motion of the Speéta-

tor, is what Sailors every Day obferve.

CHAP, IIL

Of the Phanomena or Appearances of the
Sun from the Motion of the Earth in its
Orbit.

Pigte XXL.Y E'T the Sun be at S, and the
Fig. 1.] Earth in its Orbit at T'; and let
7§ be the Sphere of the fixed Stars ; the

*991 apparent Place of the Sun will be at 5. * When
996 the Earth is carried in its Orbit from T tot, the

Sun (eems 2o move in Confequentia, and to run

992 thro” the Arc s #,* which meaiures the Angle » S s

equal to the Angle T S#, fo that the Celerity ]t;f
; i { .o the
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the apparent Motion of the Sun depends upon
the Celerity of ‘the angular Motion of the Earth,
‘with refpect to the Center of the Sun; which
Motion encreafes upon a double Account ; on"
account of the Diftance from the Sun being lef-
fened; and the Celerity of ‘the Earth being en- .
creafed : Both which Caufes always concur 5. "5ig
wherefore the Inequality of the apparent Motion of 997
the Sun is [enfible. ~In awhole Revolution of the 998,
Earth, the Sunalfo feems torun thro’ awhole Circle.

DeriniTion L

This apparentWay of the Sun is called the Eclip-999
tic Line, It is the Setion of the Sphere of the
fixed Stars with the Plane of the Ecliptic, {up-
poled to be continued to this Sphere.

This Way is divided into 12 equal Parts, each
of which contains 30 Degr, Thefe Parts are called
the Signs, and are diftinguifhed by thefe Names ;
Aries v, Tanrus O, Gemini 1, Camcer S, Leo 9,
Virgo™, Libra =, Scorpius M, Sagittarius &, Ca-
pricornn V¥, Aquarius %, Pifees %, Whence thefe
Parts have their Names, we fhall explain when we
treat of the fixed Stars.

The Sun is louger a going thro’ the fix firft Signs 1000
than the fix laft, and the Difference is nine Days.

Although a Circle has neither Beginning nor 1001
End, yet when feveral Points muft be determined
in it, fome Point muft be taken as zhe Begin-

ming 5 this, in the Ecliptic Line, is the firft Point

of Aries ; we fhall fhew how it may be deter-
mined hereafter. It is not fixed to one Place a-
mongft the fixed Stars ; thereforetbe Orbits of the 1002
Planets, which alter fo little, that they may be
looked upon as unchangeable, *don't piefervethe *929
Jame Situation, in refped of this Point,

M 3 DErvI-
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DeriniTion 1I.

1003 The Diftance of the Sun from the firfp Point of
Aries, meafured in confequentia, iscalledthe Sun’s
Longitude.

1004 The Longitudes of the other beavenly Bodies are
meafuved after the [ame Manuner in the Ecliptic

1005 they are referred to this Line, byconceiving agreat
Circle topafs through the Body, and cut the Ecliptic
perpendicularly ; for the Point, in whichthe Eclip-
tic is cut by this Circle, determines the Longi-
tude of the Body.

Derinirion III,

Yoo The Diftance of a beavenly Body from the Eclip-
tic is called its Latitude. 1t is meafured by an
Arc of a great Circle, perpendicular to the E-
cliptic, intercepted between the Body and the
Ecliptic.

Drrinition IV,

1007  If we imaginea Line to go thro’ the Center of the
Sphere of the fixed Stars, and perpendicular to the
Ecliptic, the Points, in which this cuts the above-

. mentioned Sphere, are called the Poles of the Eclip-
tic,

DerINITION V.

1008 The Zodiac is a Zone which is imagined in the
Heavens, whick the Ecliptic Line cuts intotwo equal
Parts, and which, on either Side, is terminated by
Circle parallel to the Ecliptic Line, and eight De-
grees diftant from it. On Account of the {mall
Inclinations of the Orbits of the Planets, and the
Moon to the Plane of the Ecliptic, no Bodies of

1009 the Planetary Syftem appear without the Zodig:.

L=
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Derinition VI
Thofe of them that bave the {ame Longitude are 1010
Jfaid to be in ConjunCtion.

DerinirioN VIL
Thofe whofe Longitudes differ 180 Degr. are (aid 101y
to be in Oppofition.

CHAP. IV

Of the Phenomena of the Inferior Planets,

arifing from the Earth's and their own
Motions in their Orbits,

Plate XXI.LET S be the Sun, A VB » the
Fig. 2.] Orbit of an inferior Planet ; |et
T be the Earth in its Orbit, and 2 v % Part of
the Sphere of the fixed Stars; the apparent Place
of the Sun jsv.* »
If from the Earth there be drawn to the Orbjt
of the Planet the Tangents T A 2, T'B &, it is
evident that the Planet, in its apparent Motion,
is never removed farther from the Sun, than the
Diftance v a, v & ; and that the Planet accom-

panies it in its apparent Motion round the
Earth,

99¢

DeriniTION I,

The apparent Diftance of the Planet from the ro12
Sun is called its Elongation; va or v i the
greatef} Elongation : 'This varies upon two Ac. 1013
counts ; (7z.) becaufe the Earth and the Planet
revolve in elliptic Lines. * *929

Te Pianet performs its Motion fooner than the 1ox
Earth ; ¥ therefore, in its Motion, it paffes be- “948
tween the Earth and the Sun, and then moves be-

M 4 Yond
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yondthe Sun, in refpect of the Earth : Sothat itis
inn Conjunition with the Sun in two Mauners, but
never it Oppofition.

That we may have an Idea of the apparent Mo-
tion of the Planet, we muft conceive the Lines
TBs TSv, T Aas to move along with the
Earth; {o that the Points A, V,; B, and @, whilit
the Earth performs its Revolution, may sun thro’
the Orbit of the Planet ; but the Flanet, which
moves fwifter, pafles {ucceffively through thefe
Points over and over.

101§  When it is carried in its Orbit from V to D,

it feems to move amongft the fixed Stars'from
v to d: In this Cale, the apparent Motion isin An-

1016 tecedentia, and the Planet is retrograde. InD it

is faid to be flationary ; becaufe # appearsy for
fome Times in the [ame Place amongft the pxed
Stars': 'This obtains, when the Orbit of the Pla-
net, in the Place in which the Planet is, is fo in-
clined to the Orbit of the Earth, in the Place in
which the Earth is, that, if the Line 7 4 be drawn
parallel to the Line T D, and at a fmall Diftance
from it, D 4 beto T # as the Celerity of the Planet
in its Orbit, to the Celerity of the Earth ; thefe

*353 Lines are run through in the fame Time ; * and

the Line, which is drawn through the Earth and
the Planer, is carried in a parallel Motion ; for
which Reafon the apparent Place of the Planet is

*991NAt changed. *

 Between 4 and B, the Orbit of the Planet is
more inclined to the Orbit of the Earth; where-
fore the Extremity of the Line pafling through
the Earth'and the Planet (although the Planet

1017 moves fwifter than the Earth) is carried 77 Corfe~

quentia  towards which Part allo the apparent HMo-

*o992 1707 0f the Planet is direfted. * Yet fince the apparent

Motion of the Sunexceeds the apparent Motion of
the Planet, the Elongation. is increafed, which
' ' becomes
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becomes greateft, when the Planet js at B.
Whilft the Planet goes through the Arc B v, its
apparent Motion is alfo in Coufequentia, and ex-
ceeds the apparent Motion of the Sun ‘to which
it is coming, and then goes beyond it,, receding

from ir, till it comes to A. Between A and E

the Motion 7z Confequentia is continued,; but the
Sun, whofe apparent Motion in :this Cafe is
fwifter, as has been explained concerning the Arc
d B, comes towards the Planet, and, the Elon-
gation is diminithed. At E, in the fame Manner
as at D, tbe Planet is {tationary, between E and
V it is again retrograde. g :
The Orbit of the Planet is inclined to the
Plane of zke Ecliptic, 3 * therefore it does moz
feem to move in the Ecliptic Line, but fometimes
lefs, fometimes more diftant from it, and appears
to be carried in an irregular Curve, which, fometimes

cuts the Ecliptic. ;
Plate XX1. Fig. 3.]:Let NV N be the Orbit
of the Planet, whofe Nodes are N N ; let S be
the Sun; T ¢ the Orbit of the Earth in the
Plane of the Ecliptic ; the Earth T ; the Planet
V. If V A be imagined to pafs through the Pl-
net, and to be perpendicular to the Plane of the
Ecliptick, the Angle V'T A, or rather the Arc
which meafures it, is the Latitude of the Pla-
net : * This is called 7/e Geocentric Latitude, to
diftinguifh it from the Latitude of the Planet
feen from the Sun, whichis called the Heliocentric
Latitude, and is in that Cafe the Angle V S A,
Here we fpeak of the Geocentric Latitude, becaufe
we examine the Ph®nomena as they appear from

the Earth. '
When a Planet appears in the Node, it appears
i1 the Feliptic Line; and the Curve, which isde-
fcribed by the Planet, by its apparent Motion in the
Zodiac, cuts the Ecliptic Line ; 4s zbe Planet
recedes

1018

*o58,
9259

1019

I120
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recedes from the Node, its Latitude is encreafed,
which is alfo different, accordingto the Situation of
the Earth ; fo the Planet remaining at V, the
Latitude is greater if the Earth be at T, than if
it wasatz. Now, if the Earth remaining in its
Place, we imagine the Planet to be carried from
Vo v, the Angle v T B will be lefs than the
Angle V''T' A upon a double Account, from the
Planet coming nearer the Node, and the Spec-
tator being moved farther off.

Now, if weconfiderthatboth the Earth and the
Planet are continually moved, we fhall eafily con-
ceive that the Latitude is changed every Moment
from each Caufe, which fometimes aét contrari-
wife, and fometimes confpire in encreafing and
diminifhing the Latitude ; whence it neceffarily
follows, thatthe Apparent Motion is performed
in an irregular Curve, which, as was faid before,
cuts the Ecliptic as often as the Planetr pafles
the Node, that is, twice in each of its Kevolu-
tions : This Curve alfo does not recede from the
Ecliptic, on either Side, beyond certain Limits
in the Zodiac.

We difcover alfo fome remarkable Phzno-
mena of the Inferior Planets by means of the
Telefcope, which are owing to their Opacity.

Pimte XXI. Fig. 4.] Let S be the Sun, T the
Earth, A, B,C,v, D, E,F,V, an inferior Pla-
net, ¢x. gr. Venus in its Orbit, This Planet fhines
with Light borrowed from the Sun, and that
Hemifphere only which is turned to the Sun is
enlightned, the other Hemifphere is invifible :
Therefore that Part only of the enlightened He-
mifphere, which is turned to the Earth, can be
feen from it ; in V the Planet cannot be feen; in v
it would appear round, if the Sun’s Rays did not
hinder it from being feen,

Going
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Going from v the Planet continually decreafes ;1021
at D it has the Figure d; at e and f it is drawn
as it appears at E and F, and continues to de-
creafe, 2ill it vanifbes at N, and then again en-
creafes (ucceffively, changing its Figure, 'till the
whole enlightened Hemifphere be turned towards
Earth.

When the Node is at V, or near it, the Planet 1022
appears in the very Disk of the Suny, and as it
were applied to i, and is obferved as a black Spos
which moves on the Sun’s Surface : In this Cafe,
properly {peaking, we don’t fee the Planet, but
we perceive where it intercepts the Sun’s Rays,

Tbe iefs diftant the Planet is from the Earth, the yo23
greater it appears,* and the more lucid ; but asit "7:3
comes nearer the Earth, the lucid Part that is
vifible is lefs ; fo that on one Account the Light
encreafes, and on another it is diminifhed ; and
there is a Difpance at which the reflefted Light is
greateft.

C H.A Pau¥,

Concerning the Phanomena of the Superior
Planets, arifing from their Motions and
the Motion of the Earth in their refpec.
tive Orébits.

T HE Apparent Motions of the Superior
Planets do in many Things agree with
what has been explained in refpect of the Inferior
Planets, and in many Things difagree. Zhey do not 1024
always accompany the Suny but are often obfery.

ed in Oppofition ; but in their Oppofition (as has

been faid of the Inferior Planets) they do not ai-
ways [eem to be carried in Confequentia, but often 1025
appear ffationary, and ofien retrograde,

Plate
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1026 Piste XX1I. Fig, 1.] Let M be a Superior

Planet, for Example, Marsin its Orbit, AT HB
the Orbit of the Earth. The Periodical Time
-of the Earth is fhorter than the Periodical Time

"948 of Mars * ; therefore the Earth in its Motion goes

between it and the Sun ; in which Cafe the Planet
appears at Fy amongft the fixed Stars oppofire to
the Sum. 'Through M draw the' Lines B M,
A M, that touch the Earth’s Orbit, which, being
continued, go to G and D in the Sphere of the
fixed Stars. ' Let us imagine, that whilft the Pla-
net is carried about in its Orbit, thofe Lines are
alfo.moved; fo that the Points A and B, inwhich
the Lines that go through the Planet touch the
Orbit of the Earth, perform a Revolution in the
Periodical Time of the Planet. Now fince the
Farth revolves fafter, it paffes through the Points
A and B in its Motion. In this Motion the ap-
parent Place of the Planet, feen from the Earth,
is not removed from the Place of the Planet feen
from the Sunbeyond FDand FG, Let T be
fuch a Point in the Orbit of the Earth, that
the Line 74, being drawn, may be parallel
to TM; let T#beto Mm, as the Celerity
of the Earth to the Celerity of the Planet ;
in which Cafe thefe {mall Lines are gone through

¥s3inthe fameTime; * in the mean time the Planet
994 feems to be at reft, * and is faid to be ftationary.

In the fame Manner it is ftationary when the
Earth isat H. In the Motion of the Earth be-
tween T and H, the Planetappearstomove in Ante-
cedentia from E through F, and is faid to be re-
trograde ; whilft the Earth goes through the reft
of its Orbit, the Planeris direct.

The Phenomena, which relate to the Latitude,
are like thofe. which have been explained, in re-

1008 {pect to the inferior Planets. *

Fupiter
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Fupiter and Saturn encompafs the Orbit of the 1028
Earth at a great Diftance ; wherefore almoft their
whole Hemifpheres, which are enlightened by
the Sun, are vifible from the Earth; and theré-
fore thefe Planets always appear round,

Becaufe Mars is lefs diftant, it appears a litt]e Y°29
Zibbousy betweenthe Conjunction and Oppofition with
the Sun.

CHAP VL

- Concerning the Phanomenaof the Satellites,
from their Motion intheir Orbits. Where
we Jball fpeak of the Eclipfes of the Sun
and Moon. ;

HE Sateliites of Jupiter amd Saturn do al-103e
ways accompany their Primaries iy their
Motion, and never appear to recede from them be-
yond certain Limits on either Side, which may be
cafily determined from their Diftances from their
Primaries; andthey are alternately carried in Ante-
cedentia and in Confequentia. Sometimes all of
them are on the fame Side of the primary Planet,
and fometimesthe Primary is oblerved to be between
them ; rhey are all always in the [ame Right Line, 1031
or very little diftant from it. All which Things
may be deduced from this, That the Motion about
the primary Planets is performed in Planets that
make fmall Angles with one another, and with the
Plane of the Eclipric. :
All the Sareilitesof Saturn o-rj/_]upiter are not al- 1032
ways vifible at the fame Time; fometimes they are
bid bytheir Primary,and often immers’d iz itsShadow,

DeriniTion L
Plate XX 1L Fig. 2.] Such anImmerfion in the 1033
Shadow is called an Eclipfe of the Sareliite.
" Let
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Let S be the Sun, T # the Orbit of the Earth,
1 Fupiter, Mm the Orbitof a Secondary of Fu-
piter.  Whilft the Secondary moves from M to
7, it undergoes an Eclipfe ; and, not being en-
lightened by the Sun, becomes invifible. If the
Earth be at T, the Emerfion into the Shadow
is eafily obferved ; on the contrary, the Emer-
fion is more fenfible, if the Earth be placed
at 7,

1034 Amongft the Bodies that accompany Saturn,
963 we have faid that there is 4 Ring ; * concerning

which it is to be obferved, that an Obferver upon
the Earth never [ees it wider than it is reprefent=
ed in the 4th Fig. of Plate XX. and that [ometimes
it is invifible ; namely, when the Plane of the
Ring being continued, goes through the Earth;
for the Thicknefs of the Ring is not {enfible. The
Ring is alfo invifible, when its Plane continued
paffes between the Earth and the Sun ; for then
the enlightened Surface of the Ring is turned
from the Earth: In each Cafe Saturn appears
round, yet in the laft Cafe, by reafon of the
Rays that are intercepted by the Ring, there ap-
pears a black Belt upon the Surface of the Pla-
net, like that which is occafioned by the Shadow
of the Ring.

The Phznomena of the Earth’s Satellite,
namely of the Moon, are very remarkable in re-
{pe& to us, and therefore particularly to be ex-
plained.

It is very often in Conjunction with the Sun,
and as often in Oppofition to it, but not at every
Revolution of the Moon in its Orbit ; for whillt
the Moon, after one entire Revolution of 27
Days and 7 Hours, returns again to the Place

1°36?m0n-gﬁ the fixed Stars, in which it was in Con=-
’M’:Jun&lm with the Sun, the Sun is gone from that
ogs L1ace; and is about 27 Degr. diftant from It :®

there=
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therefore the neighbouring Conjunitions are twenty-
aine Days and a Half diftant from one anotber.

Derinirion Il

"The Lunar Periodical Month 7s tbe Zime of one 1037
Revolution of the Moon in its Orbit.

Derinition IIL

"The Moon’s Synodical Month, or a Lunation, 1038
isthe Time that the Moon [pends between the two
mext Conjunitions with the Sun.

The Moon is invifible in its Conjunition withthe 1039
Sun, becaufe the enlightened Hemifphere is turn-
ed from the Earth. Let T (Plate XXII. Fig. 3.)
be the Earth, N the Moon between the Sun and
the Earth, the enlightened Hemifphere will be
#m }i, which cannot be feen from the Earth.

W hilft the Moon is carried, in its Orbit, from the 1040
Conjuntion to the Oppofition, the enlightened Part,
whichis directed towards the Sun, does continnal~
Iy become more and more vifibleto the Inbabitants of
the Earth; and in the Points A, B, C, the Moon
does fucceffively acquire the Figures 4, 2, c.

At P, in its Oppofition with the Sun, it appears 104X
round ; then going through D, E, F, it decreafes,
as it is reprefented at 4, e, f.

Derrnztion IV.
The Comjunition of the Moon with the Sun is 1042
¢alled the New-Moon.
After the Conjunction, the Moon is as it were
Tenewed,

DerixitioN V.

The Oppofition of the Moon with the Sun iscalled 1043
2be Full-Moon, becanfe the whoie Moon appears en-
bightened.

D E-
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: DeriNtrion VL

1044 The Conjunition and Oppofition of a Satellitewith
the Sun, are called by the common Name Syzygies.

1045 At A and F, thedark Part of the Moon is a’
little enlightened by the Rays that are reflected
fromthe Earth ; and therefore it is feen by a Spec-
tator to whom the Sun is not vifible, that is, in
the firft Cafe, after the Setting of the Sun, and in
the fecond, before its Rife. -

Drrinition VIL
1046 When the Light of the Sunis intercepted by the
Moon, [othat, 1 refpect of any Obferver upoithe
Earth, the Sun is partly or wholly covered, the Sun
is (aid to undergo an Eclipfe.
Properly fpeaking, this is an Eclipfe of the Earth,
on whofe Surface the Shadow or Penuinbra of the
Moon falls.

DrriniTion VIIL

rogy An Eclipfe of the Moon is the Obfcurationof the
Moon by the Shadow of the Earth.

1048 The Eclipfe of the Sun is never obferved, except
at the Time of the New-Moon.

1049 The Moon is never eclipfedbut at the Tinme of the
Fuil- Moon.

1050 _Yetthe Luminaries are not eclipfed ateveryone
of the Syzygies, becaufe the Moon does not move

*560in the Plane of the Ecliptic, * in which the Sun
and Earth always are ; wherefore, upon Account
“of the Moon’s Latitude, its Shadow, at the New=
Moon, often does not touch the Earth; and it-
felf, at the Full-Moon, paffes befide the Shadow
of the Earth,

1031 But when the Moon has no Latitude, or but
very little, that is, when it #s in the Node, or #6ar
ity at its Syzygies, an Eclipfeis obferved ; irjpt}lat

ate
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Cafe the Moon appears to be in the Ecliptic, or
very near it; and this it is that has given the
Name to that Line,

Plate XXI111. Fig. 1] 'That what relates to
. the Eclipfe of the Moon may appear the more

plainly, let OO be the Way of the Moon, R R
the Plane of the Ecliptic; the Center of the *904,
Earth’s Shadow is always in it ; * N is the Node 939
of the Moon’s Orbit.

If the Center of the Earth’s Shadow be at A,
the Moon that goes by at F will not be dark-
ened, ‘

- If the Moon be lefs diftant from the Node atIos2
the Full-Moon, as at G, the Shadow of the Earth

is at B, and the Moon is darkened in part 5 this is
called o partial Eclipfe. ‘

If, fuppofing the Shadow at D, the Moon be 1053
Pull, be Moon will be wholly darkned at 1, it runs
into the Shadow at L, and goes out of it at H ;
and tbe Eclipfe is (aid to be Total.

The Eclipfe is faid to be Central, when the Cen-1054.
ter of the Moon goes through the Centerof the Sha-
dow, which only bappens in the very Node N.

We have hitherto {poken of the Shadow of the
Earth ; becaufe, when we mention the Earth, we
underftand its Atmofphere which is joined to it,
of which/we have fpoken elfewhere: * /¢ Shadow *413
of the Atmofphere is properly confidered in Lunar 105§
Eclipfes ; for the Shadow of the Earth itfelf does
not reach the Moon,

Plate XX1V. Fig. 1.] Let T be the Earth, the
Atmofphere about it FD GG DF. The Sun’s
Rays B D, BD, touching the Atmofphere; thefe
go ftreight on, and terminate the Shadow of the
Atmofphere, out of which if the Moon be, it is
immediately enlightened by the Sun’s Rays, but
it is not enlightened in the {fame Manner all the
while it is between B D and B D.

You, II N Tbe
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1056 The Reyswhich enterthe Atmofphere obliguelyare
*617 refracted ; * and, as they come towards the Earth,
_ they continually penctrate into a Medium which
¢ is denfer and denfer, * and therefore are every
*e1y Moment infle¢ted and move into Curves. So the
Rays EF, EF, penetrate the Atmofphere in the
Curves I G, F G, that touch the Earth. All the
Light between E F, E F, is intercepted by the
Farth, and the Rays G A, G A, terminate the
Earth’s Shadow.
The Light between EF and B D, being re-
fracted by the Atmofphere, is fcattered between
G A and B D continued, and beyond A, the
Point of the Earth’s Shadow, the Lights that

105% come from all Parts are confounded, but are con-
tinually weaker and weaker the farther from the
Earth : So that the Shadow of the Armofpbere is
not a perfect Shadow, but 2 weak Light, where-
by the Moon is vifible in an Eclipfe.

1058  The Shadow of the Atmofphbere is Conical, be~
caufe the Sun’s Diameter is greater than the Dia-
meter of the Atmofphere, which is fcarce bigger
than that of the Earth ; and this Cone does not
reach quite to Mars, as appears from immediate
Obfervations ; but the Shadow of the Diameter,

: in the Place where it is cut by the Moon’s Or-

i bit, is fcarce one Fourth lefs than the Diameter

! of the Earth,

With the fame Reafoning that we have proved,
that the Moon comes into the Shadow of the At-
mofphere, when the Moon in its full is in the
Node or near it ; itisalfo proved, that the Moon’s
Shadow falls upon the Earth a# the New-Moon,
when the Moon is in the Node or near the Node ;

1059 therefore in that Cafe zhe Sun andergoes an E-

' clipfe; concerning which, feyeral Things are to
be obferved.

I Plate
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Piate XX11, Fig. 4.] Let 8 be the Sun, T the
Moon ; let the Shadow of it fall upon any Plane
G H. 'This Shadow is encompafied with .a Pe-
numbra, for beyond L and E that Plaue is en-
lightened by one entire Hemifphete of the Sun;
as you go from L to H, and from Il to @, the
Light is continually diminifhed, and pear G and
H the Rays come to the Plane only from a {mall
Part of the Sun’s Surface.

Derinitron 11X,

This diminifbed Light, which encompaffes the 1060
Shadow G H every Way, is called the Penumbra,

In the Eclipfe of the Moon, the Shadow of the 1061
Earth is encompafied with the like Penuwmbra, but
this is only {fenfible near the Shadow, and there-
fore bas but a fmall Breadth ; but if an Objerver
be placed upon a Plane upon which the Shadow
falls, he may objerve the whole Penumbra ; as is 1062
the Cafe in the Eclipfe of the Surr.  An Obferver 1
or F can only {ee the Semidiameter of the Sun, the
reft of the Diameter is hid by the Moon; and go-
ing from L towards H, the Sun is continuslly
more and more hid by the Moon, till it becomes
wholly invifible in the Shadow itfelf,

Hence it follows, that tbere is a Solar Eclipfe, 1063
though the Shadow of the Moon does not touch the
Earth, provided the Penumbra comes to its Surface.

And alfo, that the Eclipfe is not obferved inallthe 1064
Places in which the Sun is vifible ; and that it is 106 5
different, according as the Shadow or a different
Part of the Penumbra goes through the Place, 7
¢he Places in which it #s obferved. ; :

But the Eclipfe of the Moon is every where the 1066
[ame, where the Moon is vifible, duriug the Eclipfe.

Butwhen the Shadow i1felf of the Moo falls upon 1067
the Earth, the Suir's Eclipfe is [2id to be Total, if
onlythe Penumbra veaches the Earth, it is [aidto be

Vor IIL Nz Partial ;
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Partial ; and this is what happens when we con-
fider an Eclipfe in general.

1068 But, as to particular Places, it is faid-to be To-
tal in thofe Places where the Shadow paffes ; Cen-
?ral, in thofe where the Center of the Shadow paf-
fes, that is, where the Center of the Moon covers
the Sun’s Center; and laftly, Partial, where the
Penumbra only goes by ; and this is drawnin Fig. 6.

1069 PlateXX11. Fig. 4.]The wider the Shadow G H
is, the more Placesis the Eclipfe of the Sun Total
iny and the longer is the Sumwholly obfcured. But
the Breadth of the Shadow isdifferent according to
the differenr Diftances of the Moon from the
Earth, and of the Earth from the Sun.

1070  Jf there be an Eclipfe of the Moon, fuppofing the
Earth in the Peribelion, and the Moon in the
Apogeeniizy that is, atthe greateft Diftance from the
Earth, the Shadow of the Moon does not reach
the Earth, and tbe Moo does not cover the whole
Sun 5 (uch an one is called an Aniular Eclipfe, and
is reprefented in Z7g. 3.

CH AP. VIIL

Of the Phenomena arifing from the Motion
of the Sun, the Planets, and the Moon,
about their Axes.

1071 TH E Sun’s Motion about its Axisis [enfible,
by obferving the Spots, which are obferved

very often upon the Sun’s Surface. 'Thefe Spots
feem to change their Figure and Situation every
Day, and fometimes to rove {wifter, {fometimes
flower; all which Things may be eafily deduced
from the Motion of a Spherical Surface ; and

the Sun, which, if it was not moved by fuch a

Motion, would only once in a Year fucceffively
turn
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turn its whole Surface to the Earth, now fhews it
to the Inhabitants of the Earth in lefs than the

Space of one Month.
Such like Phenomena arife from ?be Rotation 0{ 1072

Fupiter, Mars, and Venns, about their Axis, whic
Motions become fenfible, by obferving the Spotsin
the Surface of the Planets.

Whilft the Earth is moved round its Axis, the
Obferver,who is carried round,imagines him{elf te
be at reft, and all the heavenly Bodies to be in
Motion.

Drrinrtion L
The Points, in which the Axis of the Earth, be- 1973
zig continned both Ways, touches the Sphere of the
Jixed Stars, are calledtbe Poles of the World.

Derinition IL .

The apparent Motion, arifing from the Motion of 1014
the Earth abont its Axis, is called "The Diurnal
Motion,

Derinition III,

A Plane is conceived to pafs through the Center 1o
of the Earth, perpendicular toits Axis, and conti- 2
uued every Waysand the Circle, i1 which it cutsthe
Sphere of the fixed Stars, is called The Ceeleftial
‘Equator.

in the Motion of the Earth voupd the Suny the 1o 6
ZEquator is moved ; but fince the Plane of this .
Ci rcle is carried by a parallel Motion, the Celefiial
Liguator is not moved.* *994

DeriNITioNn IV,
Circles, whofe Planes go through the Axis
Eaith, are called Meridians. of the 1oy
They all pafs through the Poles of the World
are perpeadicular to the Equator, > 4nd 1078
N3 De-
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DeriniTiOoN V,

The drc of any Meridian, which is intercepted
between the Lquator and a Star, 45 called the De- -
clination of that Star.

Plare XX111. Fig. 2] Let an Obferver be up-
on the Earth T, who directs his Sight along T\A ;
after a lictle Time, when the Line T A fhall be
be carried by the Motion of the Earth to T 4, if
the Spectator direéts his Sight through the fame
Line, the Body A will appear to have been car-
ried through the Arc @ A ; but when the Line
has returned roits former Situation T A, the Bo-
dy will feem to have performed one whole Revo-
lution.  Butif be direéts his Sight along the Axis
of the Earth produced, becaufe thatisat reft, the
Body, which is feenin the Axis,will appear not to

1080 have moved ; therefore inzhe Polosaf the World the
® s 2 A $ £ .
te73 diurnal Motion is not obferved. ® But that Bodies,

which are near the Poles, are moved round them
is plain ; and that the Bedy by its diurnal Motion
deferibes fo much a greater Gircle round the im-
moveable Pole, as it is farther dittant from it

1OCI Thercfore tie whole Sphere of the fixed Stars feems

to revolve abour the Axis of the Earth continned,
in Auntecedentia, in that Time inn which the Earth
really turns about its Awis. ‘'Therefore the diur-
nal Motion is common toall the ceeleftial Bodies,
except fo far as it is difturbed by the Motions
above-mentioned.

The Equator is equally diftant from both Poles,
and divides the Heavens into two Hemi{pheres,
whofe middle Points are the Poles, which
therefore are equally diftant from the {everal

1082 Paoints of the Aquator ; therefore the heavenly

Bodies which are in the Hquator by their divi-
sal Motion feem to deferibe the Lquator itfelf, the
greateft Circle of all that can be defcrlblt;d
' y
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by the diurnal Motion ; tbe other Bodies deferibe1o83
Circles parallel to the Zquator.
The Axis of the Earth is inclined to the Plane
of the Ecliptic in an Angle of 66 Degr. 31 Min, * "odo
The Poles of the World therefore are diffant from 1084
the Poles of the Ecliptic 23 Degr. 29 Min. andthe
Plane of the Aquator makes an Angle with the
Plane of the Ecliptic of 23 Degr. 29 Min. Both
Planes pafs through the Center of the Earths but
fince this may be looked upon as the Center of
the fixed Stars, * it follows, that the Equator and 1085
the Ecliptic Line ave great Civcles, whichare inclined *o38
to each other, and cut ome anocther in two oppofite ggo
Points, inthe Beginning of Aries, andthe Beginning
of Libra; which Points, in the Way of the Sun,
are determined by thefe Interfeftions. * - * 1001
When the Sun is in thofe Points, it feewis to de- 1086
[eribe the Fquator by its dinrnal Motion ;% when it 108
is carried about 7u the Ecliptic by its apparent Mo- * o8z
tion, it continually recedesmoreand morefrom the
ZEquator, and its Declination is increafed, and it
deferibes lefs Circles every Day ; * tillit comes to *10%3
its greateft Diffance from the Equator, which is 23 1088
Degr. 29 Min. * thexit comes back tothe Equator™ 1984
again, and goes beyond it alfo 23 Degr. 29 Min,
advanucing tvwards the oppofite Pole,

DerrNition VL

Tbofe Circles, deferibed by the Sunin its dinrnal 1089
Motion, which are moft diffant from the Zqueator,
that is, 23 Degr. 19 Min. are called the Tropics.

One touches the Ecliptic Line in the firft De-
gree of Cancer, and is called the Tropic of Cancer
the other is called the T'ropic of Capricorn, and
pafles through the firft Point of the Sign Capri-
cory, and there rouches the Ecliptic Line,

N 4 Diyi-
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Derinirion VIL

1090 The Pole of the Werld, which is next to the Tro-

p7¢ of Cancer, #s called the Ariic Pole, and alfo
the North Pole ; the Oppofite is called the Antarétic,
and aifo the South Pole.

DeriniTion VIIIL

1091  The Circles that aredefcribed inthe diurnal Mo-

tion by the Poles of the Ecliptic, that is, by the
Points whick are diftant fromthe Polesof the World
23 Degr. 29 Min.arecalled the Polar Circles.

The Arctic PolarCircleis that which furrounds
the Arctic Pole; the other oppofite one borrows
its Name from the Antarétic Pole.

109z ‘There remains to be explained the Moorn’s Mo-

tion atout its Axisy whofe Effect is, that the [ame
Face of the Moou is alwaysturned towardsthe Earth.

Pilate XX11. Fig. 3.] Let the Moon be at N,
the Face which is turned to the Barthis m #7;
if the Moon did not turn about its Axis, and
all its Points were carried through parallel Lines,
the Line m 7 would coincide with the Line /# in
the Situation of the Moon at B, and the aforefaid
Hemifphere mni, would be at /5 but becaufe,
whillt the Moon defcribes a fourth Part of its
Orbit, it performs likewife § of its Revolution
round its Axis, the Face, which would be at 7 71,
is now at m i, that is, again turned to the Earth.
After the fame Mannerit is proved, that thisfame
Face m#n i, when the Moon is at P, is feen by
an Obferver on the Earth, and that it is turned
towards the Earth at E ;as alfo in all other Points
of the Moon’s Orbit.

The Axis of the Moon is not perpendicular fo
tbe Plane of its Orbit, but a little inclined to it :
The Axis keeps its Parallelifin in its Motion
round the Earth, as has been faid of the Pri-
mary
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mary Planets; * therefore it changes its Situagion, *952
in refpect of an Obferver upon the Earth, to
whom fometimes one, {fometimes the other Pole

of the Moon is vifible, whence 7z feems to b agi-
tated by a Sort of libratory Motion. 'There is an-1094
other libratory Motion obferved in the Moon ; the
Motion about the Axis is equable, and itis carrieq

in its Orbit with an unequal Celerity ; * therefore X966
when the Moon is at its Perigeunm, that is, at jes
leaft Diftance from the Earth where it is moved

the {wifteft in its Orbit,* that Part of its Surface, *966
which, on Account of its Motion in the Orbit,
would be turned towardsthe Earth, is not wholly
turned from it on Account of its Motion round

its Axis: Therefore fome of that Part of the Sur-
face of the Moon, which before was not vifible,

is {een at the Side; which, when the Moon is ar

its Apoganin, is again vifible.

CH AP ¥

Of the Phenomend which relate to the Syy.
Jace of the Earth, and its particular Parts.

WE have explained the Corleftial Ph@nome-
na hitherto examined, by confidering the
Speltator as carried about by thofe Motions
wherewith the Earth is really moved. Now we
fhall confider him as placed upon the Surface of
the Earth, and carried from one Place to another
upon it,

The firft Phznomena to be here obferved s, 1095
that, by reafon of the Interpofition of the Earth, one
Ha‘{f of the Heavens is invifible to the Obferyer
Who is placed upon the Surface of the Earth.

DeriNniTION L

That Circleinthe Heavensywhich feparates thepi-1 096
Sible from the invifible Party whn the Rays are

not
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not intercepted by the Inequalities of the Earth’s
Surface, is called the Horizon.

When the Height, to which the Speétator ean
be raifed above the Surface of the Earth, is very
finall, compared with the Semidiameter of the
¥arth ; the Eve of the Spectator may be looked
upon as placed in the Surface itfelf.

Plate XX111. Fig. 4.] Let the Earth be at T,
and the Obferver at S, and P E p ¢ the Sphere of
the fixed Stars; if you conceive a Plane at HH
to touch the Earth and go through 8, itwill be the
Plane of the Horizon, whofé Seftion with the
Sphere of the fixed Stars is the FHorizon. A Plane,
as b b, isconceived to gothrough the Centerof the
Earth, parallelto H H ; the Diftance 4 H is infen-
fible, by reafon of the immenfe Diftance of the
tixed Stars ; therefore the Seftion of that Plane,
with the Sphere above-mentioned, may be taken

o0+ for the Horizon ¥
DeriniTtion XIIL

8097  The Afcent of the Stars, above the Horizon, is

ca'ied their Rife, :
Derinztion IIL

1c98 The Defeent, below the Horizon, is caljed the

Setting of tle Stars.
DeriniTIiON IV,

1099  JIf we concesve a Line drawnthroughtbe Obferver
azud the Ceuter of the Earth, which muft neceffarily
be perpendicular to the Horizon, it will reach
the Poiut L among the fined Stars, which is called
the Zenith.

Derinirion V.
1100 The Poiut N, oppofite to it, is called the Nadit
Derinzrion VL

1101 The Seffionwhich a Plane of the Meridian, that
goes through the Obferver, makes with the Horizom,

i5 ¢alled the Meridikn Line ; and is directed from

North to South. DEFI-
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DerinzTion VIIL
"The Eaftern Part of the Heavens is that, fipm 1102
which we feetbe Bodizsvife above the Horizmon; and
the Eaft Point is that, inwhich a Line diveited Eaf-
wWards, perpeizdz' culartothe Meridian Linesand Zoing
thro’ the Obferver, cutstbe Sphere of thefixed Siars.

Derrnzrron VIIL

_Tbe Point, oppofite to ﬂﬂz:s, is called the Weft 1103
Point ; and the Weftern Point of the Heavens #s
oppofite to the Eafiern Part,

DerixrTion 1IX.
_ 'The Amplitudeis au dre of the Forizon, which1104
25 contained between the Eafi or Ief} Point, and
the Point in which the Star rifesor fets. - 'T'he firit
is called the Rifing, and the other thefetting Am-
plitude : And each is either Northern er South-
ern Amplitude.

DeriniTion X.

'The Height or Altitude of a Star, above thellog
Horizon, is the Are of a Circle perpendicular to the
Horizon, in whofe Center the Spedtator is, termi-
nated by the Horizon and the Star.

DerinztionNn XL

The Difference of the Height of a Star, according 1106
to the different Pofition of the Obferver,” as he is
[uppofed in the Center, or onthe Surface of the Earth,
is called the Parallax of the Star.

There is only the Paraliax of the Moon,whicheanyion
be determized by Obfervations 'The Diftance of the '
reft of the Bodies in the Planetary Syftem is too
oreat to be compared with the Semidiameter of
the Earth; and the Parallax depends upon the
Ratio which the Semidiameter of the Larth has

: to
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to the Diftance of a Planet; therefore even zke

1108 Parallax of Mars, in Oppofition with the Sun, is
too (mall for the niceft Obfervations.

1109  Where there is a Paraliax, it diminifbes as a
Body afcends above the Horizon, and vanifbes in
the Zenith,

The apparent Height of the Stars is alfo changed
upon another Account, which equally affeétsallthe

1110 heavenly Bodies. The Rays are infleCted &y the

1111 Refraction of the Atmofphere,* and the Stars ap-

1056 pear higher than they are ;% yet the bigher they

*g;; are, the i[5 is that Inflexion ; * becaufe the Rays
fall lefs obliquely onthe Surface of the Atmofphere.

1:” In the ZLenith there is no Refraction® ; even at the

*? Diftance of rwenty or thirty Degrees from the Ze-
nith, 77 75 not fenfible.

1113  Since the Starsare raifed by this Refraition, they
are vifible before they come to the Horizon,

Plate XX1V. Fig. 2. All thefe Things relate
to the Surface of the Earth in general, now we
muft examine the feveral Parts of it ; thefe are de-
termined, by referring to the Earth the feveral
Circles which we have before confidered in the

1114 Heavens ; fo on the Earth we counfider the & qua-
tony the Meridians, the Tropics, and Polar Cireles;
and thefe Circles divide the Surfaceof the Earth
in the fame Manner as the Sphere of the fixed
Stars is divided by the Circles in the Heavens :
And therefore the Circles in the Heavens, and
thofe upon the Earth, do{o mutually correfpond
with each other, that a Line being drawn from
the Center of the Earth to a Circle in the Hea-
vens, it will go through the fame Circle in the
Earth. 1f the Poles ave P, p, the ZEquator will
be Ee, the Tropics T Ty ##, and the Polar Cir-
cles AA, aa.

1118 _Derrinrrrion XIL .

Tbe Meridian, which goes through a Place, s
c¢alled the Meridian of the Place. The
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The Plane of it is perpendicular to the Horizon ; 1116
becaufe it goes through the Center of the Earth,
and the Obferver.

A Meridian Line, drawn in anry Place, is Part 111Y
of the Meridian of the Place.® Firee

DeriNzTron XIIL

The Latitude of a Place #s its Diftauce from 1118
the Zquator ; that is, the Arc intercepted be-
tween that Place and the ZEquator.

DeriniTiON XIV.

Circles, parallel to the Zquator, are called Cir-1119
cles of Latitude.

By determining the Laritude of the Place, we
determine the Circle of Latitude, which goes
through the Place ; now, to determine the Situa-
tion of feveral Places, in refpect of each other,
we muit determine Places upon the feveral Cir-
cles ; which is done, by fuppofing a Meridian to
pafs through any remarkable Place, which, by its
Section, determines a Point upon each Circle of
Latitude, from which the Diftances of Places are
meafured.

DeriniTioN XV.

The Meridian above-mentioned, taken at Plea-1120
[ure, is called the Firft Meridian.

Derinrrion VL

The Difiance of @ Place from the firft Meridian, 112z
meaﬁwed on a Circle of Latitudethat goes fbmugb b4
Place, is called the Longitude of the Place.

Aftronomers refer every thing to the Meridian of 1122
the Place in which they make their Obfervations.

In explaining the Phznomena which relate to
the feveral Parts of the Surface of the Earth, we
fhall confider the Obferver going from the Pole

to
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to the Equator; and firft only take Notice of
the diurnal Motion,

1123 Plate XXI11. Fig. 3.] When the Spectator is
at S, in the very Pole of the Earth T, the cole-
ftial Zquator E e coincides with the Horizon,
‘and the Pole of the World P is in the Zewith; in
that Cafe, becaufe the Circles which are parallel
to the Horizon, are alfo parallel to the ZEquator;
all the heavenly Bodies appear to be carried by

*1083a Motion parallel to the Horizon, * in Circles
which are reprefented by the Lines A a, B 4.
The beavenly Bodies in the Hemifpbere E P e ne-
wer fet, and the others are never vifible. The Ho-

1124 rizon in this Situation is f(aid to ke parallel, or
this Situation is called aparallel Sphere.

1125 Pilate XX111. Fig. 4. If an Objerver upon the
Earth T recedes from the Pole, and is at S, the
Horizon is faid to be oblique, or the Spbere is
obiigne ; then the Axis P p is inclined to the Ho-
rizon b, fo much the more as the Obferver is
farther from the Pole.

Derinirion XVII,

1126 e Augle, which the Axis of the Earth makes

*11os With the Horizon, is called the Height of the Pole.*

1127 ‘This Height of the Pole is equal tothe Latitude.
The Height of the Pole is the Angle P T 2,
whofe Meafure is the Arc P 7 ; the Latitude is
meafured by an Arc, which upon the Earth cor-

*1migrefponds to the Arc Z E inthe Heavens: * Butit
is equal to the Arc P%; for the Complement of
each of them, to a Quarter of a Circle, is the
Arc 7 P,

1128 JIn this Pofition of the Obferver, becaufe the
JEquator is inclined to the Horizon, al/ the bea-
venly Bodies are carried by the diurnal Motion 1%
Circles inclined to the Horizon, reprefented by the

Lines A4, B 5.
Sozie
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Some of the beavenly Bodies rife and [et at every 1129
Revolution of the Earth ; namely, thofe which are
between the Parallels to the quator B/ and
b i; becaufe all the Parallels between thofe Two
are cut by the Horizon.

‘The Planes of the Zquator and the Horizon
go through the Center of the Earth ; therefore thefe
Circles cut one another mutually into two equal
Parts, and Half of the Zquator is above the Ho-
rizon; therefore 2be beavenly Bodies, which arein 1130
the Zquator, are above the Horizon during balfa
R evolution of the Earth about its Axis; * and, on *1082
Account of the Equability of the Motion about
the Axis, areinvifible during an equal Time.

Thefe alfo vife due Eafi, and fet due Weft (that IT
is, in the very Points of the Eaft and Weft; ) for
the Section of the Planes of the Zquator and
the Horizon, is perpendicular toa Plane perpen-
dicular to both thefe Planes; and this laft Plane
is the Plane of the Meridan of the Place.* W here-*'°7%
fore the above-mentioned Section is perpendigular ¥16
to the Meridian Line, * and confequently goes **''7
through the Eaft and Weft Points. * ko

Bodies between the Equator anda Pavallel B b, 1103
which touchesthe Horizon, as inthe Circle A a, con- 1132
tinue louger above than below the Horizon 5 and
this Difference is (o much the greater, the moretie 1133
Circle A a approaches that Pole, which isabovetke
Horizon. On the contrary, asthe Body goestowards
the oppofite Pole, its Time of Continnance above the
Horizon is the longer.

This Inequality of the Timethat a Body is above 1134
and below the Horizon encreafes astbe Height of the
Pole does, becaufe of the Diminution of the Ap-
gle made with the Horizon by the ZEquator and
its Parallels.

Bodies, whofe Diftauce from the Pole is equal to 1135
the Height of it, never fét; for fuch is the Diftance

of
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of the Circle B 4, which touches the Horizom
but has no Part of it below the Horizon.

Bodies, lefs diftant from the Pole, do not fo
much as come down to the Horizon.

1136 1t appears by the fame Reafoning, that Bodies,
whofe Diftance from the oppofite Pole does not ex-
ceed the Height of the Pole, never rife above the
Horizon, and are always invifible.

1137  Bodies, whofe Diftance E Z from the /Equator
is equal to the Height of the Pole, go throughthe
Zenith Z ; for E Z isequal to the Latitude of the
Place to which the Height of the Pole is

Fr126 pqual, ¥

1138~ Plate XXIIL. Fig. 5.] When aSpettator S has
receded as far as he can from the Pole, he comes
to the Aquator, whofe Points are equally diftant

*;07¢ from each Pole ;* then the Axis P p isin the Ho-

114 rizon, with which the Equator makes a right

*107¢ Angle,* for which Reafon the Horizon is faidto

115 e Right; or this is called a Right Sphere.

The Horizon cuts into two equal Parts all the
Circles, that are parallel to the fEquator, which
are reprefented by the Lines A a, B & ; therefore

1139 all the heavenly Bodies, at every Revolution of the
Earth, rife, and fet, aud are wifible and invifible
during equal Times.

1140 The Kquator itfelf goesthrough the Zenith, and
therefore all the Bodies tiat are in it pafs throngh
it alfo.

If what we have explained concerning the Di-
urnal Motion be applied to the Bodies of whofe
other apparent Motions we have {poken before,
the Phznomena will be eafily determined from
the Motions joined together : Thofe that relaté
to the Sun are more remarkable than the refts
and therefore more particularly to be explained-

DE=
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DeriniTion XVIII,

We call a Natural Day the Time elapfed betweern 1141
the Recefs of the Sun fromthe Meridian of a Piace,
and its next Return to the {ame Meridiasn.

This Day differs fromthe Time of the Revolution 1142
of the Earth abont its Axis, which Times would
be equal, if the Sun appeared immoveable amongft
the fixed Stars ; but whilft by the Diurnal Moti-
on, in the Time of one Revolution of the Earth
about its Axis, the Sun is carried round from
Eaft to Weft, that is, i# Autecedentia,® it is car- *ro%0
ried by a contrary Motion inthe Ecliptic,* where- *s96
by it comes later to the Meridian.

But as the Sun does not every Day gothrough
an equal Space in the Ecliptic,® all the Natural ~997
Days do not equally exceed the Revolution of the 1143
Earth about its Axis; therefore thefe Days are
unequal to one anotber.

Natural Days are unequal alfo upon another
Account, namely, by reafon of the Inclination of
the Ecliptic in refpect to the Zquator ; whence
it follows, that the Annual Courfe of the Sun is
unequally inclined to the Aquator in different
Points ; and, though the Sun fhould equally go
forward every Day in the Ecliptic, the natural
Days would not equally exceed the Time of the
Revolution about the Axis; for if the Motion of
the Sun be refolved intotwo Motions,* of which 192
the one is parallel to the ZEquator, and the other
perpendicular to it, the firft is only to be con-
fidered in determining the Excefs above-mention-
ed, and that it is unequal, is plain from the dif-
ferent Inclination above-mentioned.

Thefe two Caufes of Inequality often concur,
and often act contrarywife.

Every Natural Day is divided into twenty-four 1144
equal Parts which are called Hours. Each Honr is

Vor. II, 0 divided
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divided into fixty Minutes 5 and each Minute into
[fixty fecond Minutes, or Seconds 5 and fo on. 'That
thefe Partsof Time waryin different Days, appears
;143 Plainly from what has been * faid s they are by
Aftronomers reduced to Equality, by confidering
the Number of Hours in the whole Revolution of
the Sun in the Ecliptic, and dividing the whole
Timeintoas many equal Parts as there are Hours,
twenty-four of which are taken for one Day.
LX45 The Time, whofe Parts are by this Method reduced
to Equality, is called Mean Time, and that Reduc-
tion is cabled the JEquation of Time.
1146 e always make ufe of the Days and Honrs of
the Mean Time in determining the Periods of the
heavenly Motions.

Derinition XIX.

1147 'The Artificial Day is the Time that the Sunflays
above the Horizon.

We always {peak of it, when we mention Day

1148 in Oppofition to Night. Indetermining the Length
of Artificial Days, we fball ot attend tothe Fqua-
tion of Time. ;

114 The Crepufculum always comes before the Sf_m s

1150 Rifey andfollows its Serzing ; this is that dim Light
which we commonly call Moruing and Evening
Twilight.

1151 The Twilight is produced by the Atmofpbere,
which is enlightened by the Sun’s Rays, and whofe
Particles reflect the Light every Way ; from whence
fome Rays come 2o us, though the Sun be depreffed
eighteenn Degrees below the Horizon.

1152  In the parallel Sphere, that is, to all thofe that

1138 dwell under the ZEquator, ¥ the Days and  Nights

*1139 Areequal to one anotber ali the Year vound, * and

*1144 are of twelve Hours.*

1153 Iutheoblique Sphere the Days are longer or fhorier,

according 1o the different Difance of the Sun fi r:éi;
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the Jquator, towards either Pole ;* for the Sun ™rar
recedes from the ZEquator towards the Poles 23 4 32
Degr, 29 Min.* 103;

The Sun is in the Zquator about the 11th of
March, and. the 12th of September, aud then the V134
Day is eqial to the Nighty* which happens all xy:,
over the Earthyexcept juft at the Poles.

DeriNiTION XX,

Thofe Points of the Ecliptic, in whichit is cut 1153
by the Equator,* are called the Hquinoétial ~ross
Points; becaufe the Sun is inthofe Points, when
the above-mentioned Equality of Day and Night
happens.

DEFINITION XAl

Thefe Points of the Ecliptic, in which the Tro-
pics touch that Circle,™ are called the Solfticial *10%9
Points ; becaufe for a few Days, when the Sun
comes to thofe Points, and goes beyond them, it
does not fenfibly change its Declination, and the
Length of the Days not {enfibly vary.

Under the Poles, if there be any Inhabitants rr56
there, they can only once ina Year fee the rifing
and the fetting Sun, and only one Day with oue
Night make up their whole Year. 'The Sun con-
tinues above the Horizon all the while it goes
through one Half of the Ecliptic;* the reft of the
Time it is hid under the Horizon. But yetzheir 1157
Day is lenothenzd upon aeconnt of the Refrattion % <.}, :
and the Twilights iaff very long, for they laft as
leng as the Declination of the Sun towards the
hidden Pole does not exceed 18 Depr.* S

At the Arfiic Pole, in the firft fix Signs, from 1158
Aries to Libra, the Sun is above the Horizon ;
therefore at that Pole #7e Day exceeds the Night
nine Natural Daysy* befides the Diminution of the = o0
Night on Account of the Refraiiion s

Vor. IL Oz Thefle

-
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Thefe general Things which relate to the dif-
ferent Pofitions of the Horizon being explained,
fome more particular ‘Things are to be examined.

1159 The whole Surfaceof the Earth is dividedinto flve
Zones, 'The firlt iscontained between the twodro-
1160 pics 'T'T, 2¢, (Plate XXIV., Fig. 2.) and called
the Torrid Zone ; there are two Temperate Zones,
and two Frigid Zones. The Northern Tempe-
rate Zone is terminated by the 'Tropic of Cancer
T'T, and the Arctic Polar Circle A A. The
1161 Southern Temperate Zone #s contained between
t¢, the Tropic of Capricorn, and the Polar Circle
1162 2a. The Frigid Zounes ave circumfcribed by the
Polar Circles, and the Poles are in the Centers of
them. -
1163 In the Torrid Zone, twice a Tear, the Sun goes
* 1137 through the Zenith at Noonz.* For the Elevation
1160 of the Pole is lefsthan 23 Degr. 29 Min.* and the
1127 Diftance of the Sun from the ZEquator towards
the Pole, which is above the Horizon, is twice in
*1087 2 Year equal to the Height of the Pole* For
1088 which Reafon alfo in the Limits of that Zone,
1164 namely snder the Tropics, the Sun comes to the
*1087 Zenith only once in a whole Tear.®
1080 In the Temperate and Frigid Zones, the leaft
1165 Height of the Pole exceeds the greateft Diftance
*1087 of the Sun from the AEquator;* and therefore to
1162 their Inhabitants the Sun mever goes through the
1162 Zewith* Yet the (ame Day the Sunvifesto a greater
1166 Height, the lefs the Height of the Pole is 5 becaufe
*1137 thereby the Inclination of the Circles of the
Diurnal Motion with the Horizon is lefs.
1165 In the Torrid Zone, and in the Temperate Zones,
*1129 epery Natural Day the Sus vifes and fets ; for the
1137 Diftance of the Sun from the Pole always exceeds
1168 the Height of the Pole.* Yet every where but nnder
=087 the Equator® the Artificial Days are unequat 10
1160 07¢ another; ® which Inequality is fo much the
1161 1152 Fii32 greater,
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greater, the lefsthe Placeis diftant from a Frigid
Zone. *1114

But in the Polar Circles, juftwhere the Tempe- 1169
rate Zonesare feparated from the Frigid ones, the
Height of the Pole is equal to the Diftance of
the Sun from the Pole, when it is in the neigh-
bouring Tropic ; * and therefore in that Cafe, * 059
that is, once a Tear, the Sun in its dinrnal Motion 1091
performs one entire Revolution withont going down
nuder the Horizon.

But every where in a Frozen Zoge the Height of 11 Mo
the Pole is greater than the leaft Diftance of the
Sun from the Pole;* therefore, during fome Revo-"1089
iutions of the Earth, the Sunis at a Diftance from ''°*
the Pole whichislefs than the Pole’s Height, and
during all that Time, it does #ot fet, nor {fo much
as touch the Horizon.* But where the Diftance *1y35
from the Pole, as the Sun recedes from it, does
exceed the Height of the Pole or Latitude of
the Place, * the Sun rifes or fets every Natural *::27
Day;* then in its Motion towards the oppefite *1129
Pole, it ffays inthe [ame Manner below the Horizon, 11 "I
as was {aid of the Motion above the Horizon.* ~ *1156

Thefe Times, in which the Sun makes entjre
Revolutions above the Horizon, and below it,
in its diurnal Motion, are fo much the greater,
that is, tbe Jongeft Day and Night lajt the loxgef,
the lefs the Place in the Frigid Zowe is diffant 1172
from the Pole, till at laft, at the Pole itfelf, they
take up the Time of the whole Year.

Form the fame Caufes, namely, the Obl;-
quity of the Ecliptic in refpect of the ZEquator,
by which are occafioned all the Things which
relate to the Inequality of Days, which is dif
ferent in different Places; we alfo deduce the
Difference of Seafons, which fucceed one ano-
ther every Year ; 1 fhall fpeak of them firft in

O3 refpect
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refpect to the Frigid and Temperate Zones, and
then in refpeét to the Torrid Zone.

The Rays of the Sun communicate Heat to
the Air, not only when they come directly from
the Sun,, but when they are reflefted irregularly

*ss1from Bodies or the.Surface of the Earth*

This Effeét is fo much greater as the Rays
ftrike the lefs obliquely againft the Surface of the

' Earth ; and that upon a double Account. I.If
. You refolve the Motion of the Light into two
! 192 Motions, * one of which is parallel, and the other
perpendicular to the Surface of the Earth, the
Light aéts upon Bodies only by this laft Mation,
which diminifhes as the Obliguity encreafes.
g 2. There are more Rays actingat one Timeupon
! the fame Part of the Surface of the Earth, the
more direétly they come upon it.

1173 Hence we deduce, that rie Canfes of Heat en-
ereafe when the Days encreafe, by the Sun com-
ing towards the Pole, which is above the Horizon ;
becaufe the Sun does daily afcend to a greater
Height; fo that to the diminithed Obliquity is
added the longer Continuance of the Sun above
the Horizon, both which concur to the encrea-
fing of the Heat ; the Nights alfo are diminifhed
as the Days encreafe, and the Height that ispro-
duced by Day has lefs Time to decreafe in.

In the Northern Zones, as follows from this,
the Caufe of the Heat is the greateft of all when

*1090¢he Sun comes to the Tropic of Cancer® Yot the

. X174 Heat is siot always the greateft where the Canfe

r of Heas is the greatefh; for the Heat encreafes
1 as long as that which is acquired by Day 18
| not wholly deftroyed by Night ; for though the

daily Agumentations be diminifhed, as long 3§

there is an Augmentation the Heat encreafes.

1175 The moft intenfe Cold is not upon the 1'&1(311‘)“317c
aY,

Z
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Day, in which the Obliquity of the Sun’s Rays
is the greateﬁ, and the Abfence of the Sun the
longeft ; but the Cold encreafes, as long as the
Diminution of Heat does laft ; concerning which
one may reafon in the {ame manner as concerning
the Encreafe of Heat.

The Year is divided into four Seafons; the boiteff 11n6
is called the Summer; the coldeft the Winter ; the
temperate Seafon that follows the Winter, Spring ;
and the Autumn comes in between Summer ana HW'in-
ter.

In the Northern Regions, iu the Beginning of tinny
Spring, the Sun appears to be in the Beginning of
Aries. I the Beginning of Summer the Sun comes
to the Tropic of Cancer. Whentbe Sun enters Li-
bra, the Autumn begins. In tbe Beginning of Winter
the Sum performs its diurnal Motion in the Tropic of
Capricorn ; all which may be eafily deduced from 1154
what has been explained.*® *1175

In the Southern Regions, the Summer happens 1178
in the Time of the Winter above-mentioned, andthey
bawve their Spring whilft the former bave their Au-
tumn 5 and fo of the other Seafons.

The general Canfes, upon which the Divifion
above-mentioned depends, are often difturbed by
Caufesrelating to particular Places ; efpecially 72 1179
the Torrid Zone, of which we faid we mulft treat of
feparately. Inmoft Places of this Zone there are
only two Seafons obferved, (viz.) Summer and I in-
ter, which are chiefly diftinguifbed by dry and wer
Weatber.

When the Sun comes to the Zenith of any Place, 1180
there are almoft continual Rains; upon which Ac-
count he Heat is diminifhed, which Ziwe is refer-
red to, or called Winter.  As the Sun recedes, the
Rains diminifh, he Heat is encreafed, and thar1181
Time is referred to Summer.

04 In
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1182 Inthe Middle of the Torrid Zone there are two
- Summers, and as many Winters ; becanfe the Sun
Z1163 goines up twice to the Zeunith, *
Towards the Sides of the Zone, tho’ the Sun
comes twice to the Zenith, yet fince there is but
a fmall Time between its coming to it the firft
and fecond Time, both the Winters are confound-
ed into one ; wherefore only two Seafons in a
Year are obferved there.

CHAP. IX

Concerning the Phanomena arifing from the
Motzon of the Axis of the Earth.

2 XVE have faid that the Axis of the Earth is
95> ¥Y carried by a parallel Motion * ; we
‘ have not confidered a fmall Morion, where-
: by it is really moved, of which we fhall now
’ {peak.
- The Axis of the Earth, keeping the Inclination
‘1183 0f 66 Degr. 31 Min. tothe Plane of the Ecliptic,
revolves 7n Antecedentia, that is, is fucceffively
1184 carried towards all Parts; and its Extremities,
(vizYthe Poles of the World defcribe Circles round
the Poles of the Ecliptic, from Eaftto Weft. And
this Revolution is performed in the Time of about
25000 Years ; which Period is called the Great

Zear,
' Becaufe the Earth is looked upon as immovea-
B ble by its Inhabitants, this Motion is referred to
the heavenly Bodies, as has been faid of the other
Motions. 'Therefore whilft the Poles of the
World are moved about the Poles of the Ecliptic
in Antecedentia, and pafs fucceffively thro’ all the
Points that are 23 Degr. 29 Min. diftant from

thefe Poles, thefe Points themfelves, or rat ;"
the
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the fixed Stars that are in them, come towards
the Poles of the World fucceffively, and feem to

be carried in Confequentia, and to defcribe Circles
‘which are really defcribed by the Poles of the
World about the Poles of the Ecliptic, which,
being placed in Centers, alone are at reft.  For
together with the Stars above-mentioned the

relt of the Stars (becaufe they keep the {fame Si-
tuation in refpect to one another) * do alfa ap- =5,
pear to be moved.

Therefore the whole Sphere of the fixed Stars 1185
feems to movey in Confequentia, about an Axis
paffing through the Poles of the Ecliptic ; and each
Star apparently defcribes a Circle parallel to the
Ecliptic ; by which Motion the Latitude of the
Stars is not changed.

The Plane of the ZEquator makes a right An-
gle with the Axis of the Earth; therefore, by the
aforefaid Motion of its Axis, the Section of the
Plane of the ZEquator, with the Plane of the 1186
Ecliptic, is moved round ; wherefore zhe firft
Points of Aries and Libra*, which are always op- 1035
pofite, move through the whole Ecliptic Lineinthe
Space of about 25000 in Antecedentia : Yet
they they are looked upon as immoveable by the
Inhabitants of the Earth, who imagine that the
fixed Stars themfelves are moved in Confequen- %58
tia. * §

CoH-AP, L X,
Concerning the fixed Stars.

E have faid that the fixed Stars are lucid
Bodies, removed fo far off, that their
Diftances can be compared with no Diftances in
the
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118y the Planetary Syftem. For Afronomers bave not
been abiey by their niceft Obfervations, to obferve
the Poles of the World carried ont of their Place in
the annnal Motion of the Earth, although they de--
{cribe Circles in the Heavens which are equal to
%952 the Earth’s Orbit.*

DrriniTion L

1188 'This Motion of the Pole is called the Aunual
Parallax.

Thatthe fixed Starsare at an immen{e Diftance,
is allo proved by Obfervations with the Help of

1189 Telefcopes. If any fixed Star, even the lucid and
confpicuous, e bebeid with a Telefcope, through
which the Diameter of the Sun would appear equal
to the Diameter of the Earth’s annual Orbit, 72
will appear to be a lucid Pointy, without any fenfi-
ble Magnitude ; for all the fixed Stars appear lefs
when they are feen throngh Telefcopes than they
do to the naked Eye; for itis only their Twink-
ling which makes them appear to have any fenfi-
ble Magnitude. L

1190 That the Stars may be difiinguifbed, they are re-
ferred to warious Figures, which are imagined intbe
Heavens, and are called Conflellations.

1191 Twelve Conflellations ave imagined to be in the
Zodiac, which are called the Sines of the Zodiac
they receive their Names from the Animals or

1192 Things which they reprefent : dries, Tanrus, Ge-
miniy Cancers Leo, Virgo, Libra, Scorpins, Sagit-
tarius, Capricornus, Aquarius, Pifces. Thefe Signs
have given their Names to twelve Parts of the E-

*g00 Cliptic, of which we have fpoken before.*
In the Time of Hipparchus, the Seétions of the
Ecliptic and ZEquator. were between the Con-
ftellations of Pifves and Aries,and Virgoand Libra,

and the Conftellations gave their Names to }hofe
arts
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Parts of the Ecliptic, which paffed through each
Conftellation. 4nrd the Parts of the Ecliptic, [uppo-1193
fing the Beginning of Atries and Libra, iz the Iutes.-
[feétions of the 4 quator and the Eciipticy have kept
the Names which they bad at that Time, tho’ thefe
Iuterfeftions be carried from their old Places; % *1136
whence the Sun is faid to be in Zauras, when it
moves amongft the Stars of the Conftellation grses.

The Zodiac {eparates the North Part of the
Heavens from the South Part.

Inthe Nerthern Regicn are the foi!a'wiﬂg Confrel- 1 194
Jations ;. tbe leffer Bear, the greater Bear, the Dyg.
gon, Cepheus, the Hounds, Bootesy the Northers
Crown, Hercules, the Harp, the Swan, the Lizard,
Caffispeia, Camelopardus, Perfeus, Andromeda, the
Triangle, the leffer Triangle, the Fiy, Auriga, P
gafus, or the Flying-FHorfe, Equuleus, the Dolpbin,
the Fox, the Goofe,the drrow, the Eagle, Antinous,
Sobiesky sShicldy Serpentarius, the Serpent, Mount
Menalus, Berenice’s Hair, the lefler Lion, the Linx.

In the Southern Region of the Heavens, are the
Jollowing Conflellations, many of which are invifible 1195
to us : * pamely the Whale, the River Eridanus, the *1131
Harey Orion, the great Dog, Rbinoceros, the lefler
Dog,, 1he Ship drgo, Hydra, the Sextaut of Urania,
the Cup, the Crow, the Centaur, the HOlf, the 4).
tar, the Soutbern Crown, the Southern Fifh, the
Phenix, the Crane, the Indian, the Peacock, the
Bird of Paradife, the Soutbern Triangle the Crofs,
the Fly, the Chameieon, King Charle’s Oak, the
Jiying Fiflr, the Toucan, or American Goofe, Hydrys,
or 7he Water~Serpent, Xiphias,or the Sword-F ifh,

Derinition II.
The Stars, which are between the Conftellations, 1196
are callied unformed Stars.
The Stars are not equally Inecidy, and they are 1197
Yeferred by Aftronomersofix Claffes, the moftlu-
cid
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cid are called Stars of the firlt Magnitude ;
others are faid to be Stars of the fecond Mag-
nitude, others of the third, &%. to the fixth
Magnitude,

1198 Some are not referred even to this laft Clafsy and
are called Nebulous Stars.

X199  There is alfo a certain Zone or Belt obferved iz
the Heavens, which isnotevery where of the fame
Breadth, and goes round the whole Heavens, and
in fome Places is feparated, fo as to become dou-

¥200ble. From its Colour it 75 called the milky Way.
7t is plain from Obfervations, by the Help of the
Telefcope, that this Way is an Affemblage of in-
numerable fixed Stars, which cannot be feen by the
staked Eye, either becaufe they are lefs than the
other Stars, or more diftant,

1201 Towardsthe Antaritic Poletbere arve two Nubecu-
i@, of the fame Colour as the Milky Way, which are
alfo Heaps of (mall Stars,and cannot be feen with-
out a Telefcope. Befides the Stars, which are
obferved in thefe Nubeculz, and in the Milky

1202 Way, o whatfocver Part of the Heavens you point
the Telefcope, you may d:ﬁwer [mall Stars in a
great Numbery which are not vifible to the naked
Eye. Very often an Heap of Stars appears to the
naked Eye to be but one Star,

1203 dinonglt the Stars, [ome are vifible and invifible
by Fits, and obferve regular Peviods; others are
{ucceflively fometimesmore lucid, fometimes of a
duller Light, and to be feen only by the Help of
a Telefcope, and that at certain Times.

1204 Yet they are not equally bright at every Period.
Sometinies Stars bave appeared [uddenly, exceeding
the brighteft in Light, which afterwards, [ucce/~

fively decreafing, bave vanifbed in a fhort Time,
aund f1ill vemain invifible.

1205 Behides the Stars, we obferve in the Heavens [o-
veral whitifl Spotsywhich ave iu fome Meafure i t'mz

an
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and invifible to the naked Eye ; their Lightis refer-
red to the Stars which are in them, or they are
looked upon as nebulous Stars.

What thefe Spots are, cannot be determineq ;
perhaps they are a Congeries of Stars, which
have the fame Relation to the Telefcopic Stars,
as thofe which form the Milky Way, have to
thofe which are feen to the naked Eye.

BOOK 1v.
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BOOK IV.

PART 11.

The Phyfical Caufes of the Cele-
ftial Motions.

CH AP XI.
Concerning univerfal Gravity.

2% Aving explained the Motions of the

{ heavenly Bodies, and the Phznome-

t7% na arifing from them, we muft now

g ERM &a5 examine by what Laws thefe Motions
S gre performed.

We have before laid down the Laws according

*124 ¢ which the Motions of Bodies are direéted.*
125 If we add one to thefe, we fhall fee the whole

126 Contrivance by which that vaft Machine, the
Planetary Syftem, is governed.

1206 'The Law, to be added to the reft, is this. Al

1207 each other. This Gravity is proportionaltothe Quan=
1208 zity of Matter : At unequal Diftances it s ifzwﬂij; Z

Bodies are mutually beavy (or gravitate) towards

s
¢
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the Sguare of the Difiance : "That is, all Bodies
mutually attract or tend rowards each other, with
the Force which belongs to each Particle of
.Matter acting upon each Particle ; and the F orce,
with whicha Body aéts upon others, is compound-
ed of the joint Forces of all the Particles of which
the Body confifts ; fo this Force encreafes in the
fame Proportion as the Quantity of Matter, and
is unchangeable in every Particle ; it is always the
{fame at the {ame Diftance; but the Diftance en-
creafing, the Force decreafes as the Square ofthe
Diftance encreafes.

We call this Force Gravity, when we confider a ¢ 54
Body which of it felf tends towards anotber ; becaufe
this Force is called by this Name nearthe Earch’s
Surface. * *og

But when we confider a Body, towardswhich an- 1210
other tends, we call this Force Attraflion. Wemean
the fame Effect by thefe Names, and nothing but
the Effects for fince all Gravity is reciprocal, * it ¥1z6
is the fame to fay, all Bodies gravitate mutually
towards one another, as that Bodies mutually
attrat one another, ormutually. tend towards each
other.

We look upon this Effe as a Law of Nature¥, *¢
becaufe it is conftant, and its Caufe is unknown
to us, and cannot be deduced from Laws that
are known, as we fhall fhew by and by. Now,
that there is fuch a Gravity, isto be proved from
Phznomena.

All the Primary Planets are kept in their Or-
bits by Forces, which tend towards the Center of
the Sun *; therefore there is a Force by which *os
the Planets are carried towards the Sun, and 22
whereby the Sun tends reciprocally towards each
of them*: That is, the Sun and Planets gravi- 1211
date mutually towards each other, . ®126

After
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1212 After the fame Manner it is plain, that zbe Sa-
tellices of Fupiter and Saturn gravitate towards each
*966 orher s as alfo that the Satellites of Saturn gravi-
226 tate towards their Primary Planet, and that towards .
126 them. ¥
1213 Fhe Moon and the Earth allo gravitate towards
*966 each other*
226 AJ} the Secondary Planets gravitate towards
126 the Sum, For they are all carried by a regular
1214 Motion about their Primary Planets, as if the Pri-
mary Planets were at reft ; whence itis plain, that
they are carried about by the common Motion
with the Primary Planets ; that is, that the fame
Force, by which the Primary Planets are every
Moment carried towardsthe Sun, acts upon 74¢
Secondary ones, and that they are carried towards
1213 the Sun with the fame Celerity as the Primary Pla-
unets. Even the Irregularities of the Secondary
Planets, which are fo {mall, as only to be fenfi-
ble with refpe& to the Moon, confirm this Gra-
vity of the Secondary Planets towards the Sun ;
for we fhall fhew hereafter, that all the Irregu-
larities are caufed by the Change of the Moon’s
Gravity towards the Sun, at a different Diftance ;
and becaufe the Lines, in which the Earth and
Moon tend towards the Sun, are not altogether
parallel.
1216 From the Gravity of the Secondary Planets to-
wards the Sun, it follows, that zbe Sun gravitates
* 126 fowards them.® _
121y In refpe@ of the Gravitation of the Primary
Planets towards one another, Aftronomers have
obferved, that Satern changes its Way when it is
neareft to Fupiter, whichis far the greateft of all
the Planets ; fo that it is plain from immediate
Obfervations, that Fupiter and Saturn gravitate
towards each other. :
Fupier
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Fupiter alfo in this Cafe, as Flamfleed has ob-1218
{erved, difturbs the Motion of tbe Sateliites of Sa-
turn, attracting them a little to itfelf ; which
proves that thefe Satellites gravitate towards Ju-
piter, apd Jupiter rowards them. From allwhich
Confiderations * compared together, it follows, *1212
that the feventeen Bodies, of which the Planetary 1'%
Syftem is made up, mutually gravitate towards ,,,;,
each other, although no immediate Obfervations 1216,
can be made concerning the Gravitation of each Sl
particular one towards the reft.* I"’*%

The fecond Part of the Law is,* that Gravity *110;
is proportional to the Quantity of Matter ; that
is, that all the Particles of Matter gravitate
towards each other; and therefore that the
Law of Gravity is univerfal, and that every Body
acts upon all other Bodies; which is deduced
from Ph@®nomena.

The Forces of Gravity are as the Qualities of 1219
Motion which they generate, ¥ and thefe Quan- *s3
tities, in unequal Bodies that are equally fwift, are
to one another as the Quantities of Matter ;
therefore fince unequal Bodies, at the fame Dj. 6%
ftance from the attracting Body, move equally
fwift by Gravity,* it is evident, that the *1215
Forces of Gravity are proportional to the Quan-
tity of Matter. We find the fame in all Bodies122¢
sieay the Earth’s Surface, which have a Gravita-
tion towards the Earth, proportional to their
%uam;ity of Matter.* But rbe mutual Gravity *79
of all thefe Bodies towards one another is zot [en-
fible ; becaufe it is exceeding fmall in refpeét of
their Gravity towards the Earth; and therefore
cannot difturb their Motion arifing from their
Gravity towards the Earth ; * at leaft, {o as 1o «
make any fenfible Change in the Direction of
their Motions.

Vor. 1L 4 We

190
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We fhall prefently fhew, by another Method,
that this univerfal Gravity of all the Particles of
Matter, whereby they act upon one another,

*1222 may be proved from Phenomena.*

The third Partof the Law, which we examine,
is, that Gravity decreafes when the Diftance en-
creafes, and is inverfly as the Square of the Di-
ftances, which alfo follows from Phenomena.

Bodies, upon which Gravity acts according to
their Quantity of Matter, as in our Syftem, are
moved with an equal Celerity in the fame Circum-
ftances, as we faid before; {o that it is no Matter,
whether the Bodies are greater or lefs; and they
are moved as if they were equal. But in this
Cafe, if the Force towards a Point decreafes in
an inverfe Ratio of the Square of the Diftance
from that Point, and the Bodies move at various
Diftances from it, and are kept in Circles by
that Force ; the Squares of the Periodical Times
will be to one another, as the Cubes of the Di-
*339ftances.® Which is demonftrated by Geome-

ters to obtain (in refpeét of the mean Diftances)
in Elliptic Lines, whofe Forces are directed
to their Focs. But this is the Cafe in Bodies
which revolve about the Sum, Satarn and Fue

*g74 piter; * whence it follows, that the Force of
Gravity, receding from the Centers of thefe
Bodies, decreafes in an inverfe Ratio of the
Squares of the Diftances.

1222 By this Reafoning, fuppofing Gravity pro-
portional to the Quantity of Matter, we demon-
ftrate, that it decreafes in an inverfe Ratio of
the Square of the Diftance. And by the fame
Reafoning, {fuppofing the Diminution of Gravity
to be in this Proportion, it follows, that Gravity
is proportional to the Quantity of Matter, asis
very evident,

But

1221
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But we prove by another Argument, that the
Diminution of Gravity, f{o often mentioned, is in
an inverle Ratio of the Square of the Diftance ;
{o that there can remain no Doubt concerning
the two Laws of Gravity, which we now treat
of.

The Planets are moved in Orbits at reft* ; *rz2z3

and are kept in them by Forces, which are di-
reéted to an Excentric Point ; ¥ but it is plain,
that this would not obtain, if the central Force
did not encreafe in an Inver{e Ratio of the Square

of the Diftance.*

*929
*931

LIVE |
243

It follows from the fame Reafoning, that re- 1224

ceding from the Center of the Earth, Gravity de-
creafes according to the fame Law. Tor the
Moon is retained in its Orbit by a Force which
tends towards the Center of the Earth, that is,

to an Excentric Point :* And though the Line of 967

the Apfides is not carried by a parallel Motion,
its Agitation is {o fmall, if we confider every
Kevolution, that it may be looked upon here as
quiefcent - For if we compute the Force which
keeps the Moon in its Orbit fo agitated, we fhall
find the Diminution of the Force-of Gravity, in
refpe of the Moon, to differ very little from an
Inverfe Ratio of the Square of the Diftance ;
and we fhalll thew hereafter, that this Difference
depends upon the Aétion of the Sun.

946
2:6

And no Doubt will remain concerning this 1225

Diminution, if we confider, that the Moon is kept
in its Orbit by that very Foree, wherewith Bodies
are carried towardsthe Earth, near the Earth’s Snr-
face ; which is diminifhed, accordingto the Law of
Diminution {o often mentioned. The Mean Di-
ftance of the Moon is 6oi Semidiameters of the
Earth: We have before fhewn, thata Diameter
of the Earth contains 3400669 Rbyuland Per-
ches; * whence knowing the Periodical Time,

Vor IL P2 we

T o
976
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we eafily difcover that the Moon, in one Minute
of Time, goes through 16425 ¢+ Rbyriand Per-
ches of her Orbit, This Arc is not the hun-
dredth Part of one Degree, and may be looked
upon as its Subtenfe ; therefore the Diameter of
its Orbit is to this Arc, as the Arc itfelf is to its
Verfed Sine; which is difcovered to be of 13,
736 Rbyniand Feet; and it is the Space which
the Moon and Earth would gothrough inone Mi-
nute, coming to one another by their mutual
Attraction. 'The Celerity with which a Body
comes to another by the Force of Gravity, de-
pends upon the Force with which it is attradted
by that other, all whofe Particles of Matter at-
traét it; therefore the Celerities of the Moon
and Earth, as they come towards each other,
are inverfly as the Quantities of Matter in them ;
which is alfo deduced from the equal Quantity of

=126 Motion that is in each Body.* Therefore by

65 this Proportion we difcover how much of the
aforefaid Space (15, 736 Feet) is gone through
by the Moon : As the Quantity of Matter, in both
Bodies, is tothe Quantity of Matter in the Earth;
fois the Space gone through by both Bodies, in
their mutual Accefs towards each other, to the
Way gone through by the Moon only. The
Quantities of Matter in the Moon and in the
Earth, as we fhall fhew hereafter, are to one
another as 1, to 39, 37; and 40, 3%, is to 39,
37, as 15, 736.to 15, 344, the Space gone thro’
by the Moon; which therefore would be gone
through in one Minute by any Body, which at the
Moon’s Diftance fhould be impelled by Gravity
towards the Earth. 'This Force increafing in an
Inverfe Ratlo of the Square of the Diftance
from the Center, the Space gone through in the
fame Time at the Diftance of a Semidiameter

of the Earth, that is, on its Surface, willﬁbe
05
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60ix605%15,344, (viz.) 56158 Feer ; but becaufe
in every Motion equably accelerated, as here (for
we confider the Porce as removed from the
Earth’s Center to the Diftance of its Surface)
the Squares of the Times are as the Spaces gone
through in the Fall;* by dividing the Number by *131
60 x 60, that is 3600; we have the Space gone
through by a' Body in one Second, near the
Earth’s Surface, by the Force with which the
Moon is kept in its Orbit, which is difcovered to
be 15, 6. Rbyniand Feet.

Now if we examine the Gravity which we
daily find in all Bodies near the Earth’s Surface, * 72
it is plain, from what has been faid concerning
the Motion of Pendulums,* and from Experi-"157
ments made upon Pendulums, that a Body in '5*
fa]ling goes through 15, 6. Rlynlaud Feet in
one Second of Time, and therefore falls with
the Force by which the: Moon s kept in' its Or-
bit.

In this Computation we have neglected to
confider the Action of the Sun, becaufe it is
fmall, and fometimes encreafes, fometimes di-
minithes the Gravity of the Moon towards the
Earth.

We have confidered the Centers of the Bodiesin
examining the Law of the Diminution of Gravity,
although Gravity belongs to all the Particles of Bo.-
dies; becaufe it is plain by Mathematical Demon-
ftration, that the Aétion of a [pherical Body (in1226
whichyinevery Part, the Particles, that are equally
difeant from theQenter, are bomogeneous, andwhich
is made np of Particles, towards which there is a
Gravity that decreafes, recediug from each of them
in an Inverfe Ratio of the Square of the Diftance) is
direlted towardsthe Center of the Body, and receding
from ity is diminifbed in the [aine Inverfe Ratio of
the Squareof vhe Diftance : So that {fuch a Body

153 acts,
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acts, as if all the Matter, of which it confifts, was
collected in its Center, Whence we: deduce the
following Conclufions.

1227 'That onthe Surfaces of Bodies, in which the
Matter is bomogeneous at equal Diftances from the

b Center, the Gravity is diveltly asthe Qpuautity of

1207 Matter, and inverfly asthe Square of the Diaweter %

1204 for in thefe Bodies the Diftances from the Center

are as the Diameters.

1228  That o the Surfaces of Badies thatare [pherical,
bowmiogeneous, and equal, the Graviiies are as the
Denfities of the Bodies for the Diftances from the
Center are equal 3 in- which Cafe the Forces of

*1107 Gravity are as the Quantities of Matter ;* which,
%555, in equal Bodies, are as their Denfities:*

ng  ‘That on the Surfacesof the Bodies, that are [phe-

1229 ricaly upequal, homogencous, and equally denfe, the
Gravities are inverfly asthe Equares of the Diame-

“1zo8itary ok becaufe the Diftances from the Center are

1207 jnn the Ratio of thofe Diameters,* the Gravities

alfo are direétly as the Cubes of their Diameters ;
for the Quantities of Macter in Spheres are inithac
Ratio : And the Ratio compounded of that di-
rect Ratio of the Cubes of the Diameters, and
the inverfe Ratio of their Squares, in the direct
Ratio of the Diameters themfelves.

1230 Therefore if both the Denfities and the Diame-
ters differ, the Gravities onthe Surface will be ina

* 1228 Ratio compounded of the Denfities® and the Diame=
iasgders® Therefore dividing the Gravity om the

Surface by the Diameter, you will have ibe Den-

1231 fity ; which confequently 75 in a direft Ratio O_f
the Grawity on the Surface, and ai Inverfe Rario
of the Diameter.

1232 If z Body be placed in a Sphere that is bomage-
neous, boilow, and every where of the fane Thick-
nefsy wherefoever it be placed, it bas #0 Gravitys
the oppolite: Gravities mutually deftroying 0ne

' another
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another precifcly: Whence it follows, that iz an 1233
bomogeneons Sphere, a Body, coming towardsthe
Center, gravitates towards the Center only from
the Aéion of the Sphere, whofe Semidiameter
is the Diftance of the Body from the Center,
which Gravity decreafes in coming towards the
Cenier, in the Ratio of the Diftance from the Cen*12:49
ter ; for all Matter, which is at a greater Diftance
from the Center, forms an hollow Sphere, in
which the feveral Aétions on a Body deftroy each
other.* 1133
We have faid that the Gravity, which wehave
hitherto explained, is to be taken for a Law of
Nature, becaufe we don’t know the Caufe of
it ; and becaufe it depends upon no Caufe that
is known to us, which will evidently appear, if
we attend to what follows.
(Viz.) That Gravity requirves the Prefence of 1234
the attrafting Body ; fo the Satellites of Fupiter,
ex. gr. gravitate towards Fupiter, wherefoever it
bc'* *ra1z
"That the Diftance remaining the fame,the Cele- 1235
vity with which Bodies are carried by Gravity, de-
pends upon the Quantity of Matterin the attraft- *r2o07
¢ng Body :* And thatthe Celerity isnot changed,let 1236
the Mafs of the gravitating Body be what it will* *i207
Befides that, if Gravity depend upon any kuown 1237
Law of Motion, it ought to be referred to a Stroke
from an extraueous Body ; and becaufe Gravity is
continual, @ continual Stroke would be required.
1f there be fuch a Sort of Matter continually
ftriking againft Bodies, it muft of Neceffity be
fluid, and very fubtile, fo as to penetrate all Bo-
dies ; for Bodies, that are any how fhut np in
others, are heavy.
Now let a Mathematician confider, whether
a Pluid fo fubtile as freely topenetrate the Pores
of all Bodies, and fo rare, as not fenfibly to hin-
P4 der
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der the Motion of Bodies (for in a Place void
of Air, the Motion of a Pendulum will be con-
tinued very long) can impel vaft Bodies towards
one another with fo much Force? Let him ex-
plain how this Force increafes in a Ratio of the
Mafs of the Body towards which another is car-

*ia3cried ®

Laftly, Let him fhew, what feems moft diffi-
cult to me, how all Bodies, in any Situation
whatfoever (if the Diftance, and the Body to-

b . . . - "
1236 yards which the Gravitation is, remain the fame)

are carried with the fame Velocity ;¥ that is,
how a Liquid which ean only aét on the Surfaces,
either of the Bodies themfelves, or their internal
Particles, to which it is not hindered from
coming by the Interpofition of other Particles,
can communicate fuch a Quantity of Motion to
Bodies, which in all Bodies exactly follows the
Proportion of the Quantity of Matter in them ;
and which in this Chapter we have proved to ob-
tain every where in Gravity, and which we have

*77 demonftrated by a direct Experiment, in refpect
1238 of the Gravity near the Earth’s Surface.®

Yet we don’t fay, that Grawity does not depend
apos any Stroke, but that it does not follow from
that Stroke, according to any Laws known 10_uss
and we confefs that we areentirely ignorant. of the
Caufe of Gravity.

CHAP XIL

Qf the Celefizal Matter where a Vacuum
is proved.

T AVING explined the Laws whereby

the -whole Planetary Syftem is governeds

foyeral Things muft be firft laid down, before

we proceed to the Phyfical Explication of the
' Syftem.
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Syftem. We muit begin, by faying fomething of
the Celeftial Matter, that is, of the Medium
in which the Bodies that make up the Syftem are
moved, which would be done infew Words, if all
Philofopbers agreed that there is a Vacuum.

We have betore. proved that a Vacuum is pof-
fible ;* now we ire to demonftrate that there is*i;
really one. From ounly confidering Motion we can 1239
dedice 2 Vacuum; and this is a very common and
ufual Way of proving it: To {ee the Force of
which Argument, we muft confider, that indeed
all Motions are not impoffible without a Vacuusm,
but moft of thofe which are daily obferved ;
which might be fully evinced by a longer Difcuf-
fion : But it feemsto me to be fo evident from
the following Confideration, that it would be ufe-
lefs to add much more.

The Figure of the leaft Particles is unchange-
able; for the Particle, whofe Figure may be
changed, confifts of fmaller Particles, which are
moved in refpect to each other; and therefore if
it has a changeable Figure, it is not one of the
leaft Parts.

But if the Figure of thefe Particles be un-
changeable, and a Body can move between them,
without fuch a Separation of the Particles as to
leave a void Space, this will depend on the Figure
of the Particles, and the Relation which they
have to one another, which a Mathematician
will not deny : Therefore, if keeping Things in
this State (as to their Figure and Relation) the
Particles are ancreafed, even in that Cafe Bodies
may be moved without a Vacuus,

Now fuppofing the {malleft Particles encreafed
to the Bignefs of a Cubic Foot, whatever be
their Figure and Relation with the other Parts,
which we fuppofe encreafed in the {ame Propor-
tion as the firft; let any one confider, whether

Bodies
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Bodies of any Bignefs can be carried between thofe
Parts in Right Lines, and in all forts of Curves,
and yet never feparate the Particles {o asto leave
Vacuities between them.

We cannot conceive how the moft fubtile Parts
are made, and therefore often attribute to them
fuch Properties as do not follow from their Figure ;
but thefe Errors will be corrected, by imagining
the Particles encreafed.

1240 W alfo prove a Vacuum by an Argument taken
from Refifauce. :

*;2  We have faid that Matter is inaétive ; * fome
difpute about the Word, but no Man denies the
Thing ; whence it follows, that a Body cannot

‘- move through a Fluid, without undergoing a Re-

*319 filtance,* and confequently a Retardation.® The

*33¢ Refiftance arifing from the Inertia of the Matter

(which Refiftance alone is here confidered) de-

pends upon the Quantity of Matter to be removed

out of its Place, which is the fame, whether the

Parts of a Fluid be greater or Iefs, if the Celerity

of the Body remains the fame: Whence it fol-

Jows, that in determining what relates to the

Refiftance, we muft have no Regard to the Sub-

tility of the Fluid, as long as it cannot go through

the Pores of Bodies ; for if we come to {uch

I a Finenefs of Parts, that a Fluid fhall part-

[ ly penetrate a Body, it will lefs refift the Body.

1 Now let us fuppofe any Ball or {pheric Body

' to be moved along in a Medium of the fame

| Denfity as idfelf, and fo clofe, that the Parts of

1 the Medinm cannot pafs through the Pores of

the Body; this Body will be retarded every Mo-

. ment, fo that its Velocity at laft will be reduced

: to half (as may be proved by a Mathematical

Demonftration) before the Body hasgone through
twice the Length of its Diameter,

In
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In order to apply this Propofition to a Motion
in a very fubtile Fluid, which freely penetrates
the Pores of all Bodies, and fills all Places,
we muft conceive a {pherical Body without any
Pores at all ; and that fuch a2 Body may be fup-
pofed by imagining all the Particles of Matter
clofely joined, no body will deny.

That the Refiftance of fuch a Body in any
Fluid does not depend upon the Bignefs of the
Parts of the Fluid, and is the fame, whether the
Parts of the Fluid be equal, or any how unequal,
is evident.

If every thing be full of Matter, this Body
can only move through a Fluid of the fame Den-
fity as icfelf ; for it muft run againft all the Mat-
ter which is in thofe Places through which it paf-
fes, and in them the Matter is without Interfti-
ces as it is in the Body ; therefore it will lofe
half its Velocity, before it has run through the
Length of twice its Diameter.

Now let us fuppofe the Body to be encreafed,
the Quantity of Matter remaining the fame,
andthe Body continuing homogeneous ; that is,
let there be Pores in the Body, through which the
moft fubtile Particles of Matter may pafs very
freely ; and let thefe Pores be equally difperfed
all over the Body. 1f the Body, thus changed,
be moved, the very fubtile Fluid, of which we
fpeak, willnot run againft the whole Surface, but
only thofe Parts of the Surface which are be-
tween the Pores, which Parts being taken toge-
ther, becaufe we fuppofe the Body homogene-
ous, are equal to the Surface of the Body in the
firft Suppofition, when we conceived it to be
without Pores; for the Body being encreafed,
the Surface has not been changed, but only dila-
ted by the Interpofition of Pores: So that in
both Cafes the Body will undergo the fame Re-

fiftance
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fiftance- from the Impulfe upon the Surface ; and
the Refiftance on the dilated Body is greater from
the Fluid running againft the internal Parts of
the Body. Wherefore this Body will fooner lofe
half its Motion in the fecond, than in the firft
Cafe s that is, before it bas run through the Length
of two Diameters of the firft fuppofed Bignefs ;
and therefore it lofes a greater Quantity of Mo-
tion, in going through two Diameters of the
Bignefs fuppofed in the fecond Cafe.

But this is contrary to Experience ; for a ho-
mogeneous Ball of Gold, or Lead, &2 lofes a
much lefs Quantity of Motion than what we have
mentioned, in Water or Air; whence it follows,
that the Suppofition that all Things are full of
Matter, is falfe. "Therefore there is a Pacuum,

That there is 2 Vacuum does alfo agree withthe
Phanoriena relating to Gravity ; by which it fol-
lows that it is proportional to the Quantity of
Matter. Ifall was full of Matter, Gravity would
act equally every Way, and the Forces which are
direcied towards oppofite Parts would deftroy one
another; and therefore no fenfible Gravity
wonld be obferved, which is contrary to Ex-
perience.

Thefe being premifed, we muft return to the
Celeftial Matter.
r142 The Motions of the heavenly Bodies do not

depend upon the Motion of the Celeftial Mat-
1238 ter, if there be fuch a Matter ;* whereby is over-
thrown the Opinion of thofe which [ay that the bea
venly Bodies are carvied along by the comuizon Mo-
tion of the Matterwbich fills our Syftem. This Opi-
nion isalfo overtbrown by the Motion of the Co-
mets :  If there was a2 Medium in the Syftem
which carried about the Planers in its Motion,
and alfo the Comets, it would at leaft fenfibly
difturb thefe laft in their Motions, whilft they
come

1241
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come almoft directly towards the Sun, or direct-
ly recede from it, or are carried in dutecedentia ;
that is, in a Motion contrary to the Motion of
that Matter. Now as this Motion is not difturb-
ed, but follows the Way which depends upon
Gravity, as it is obferved, it is plain, that if
there be any Celeftial Matter, and that it is in
Motion, it does not exert a fenfible Action on
the Bodies of the Planetary Syftem, which is al-
fo deduced from the fmall Refiftance of fuch a
Medium ; for by comparing the moft ancient Ob-
fervations with the modern, it does not appear
that the Planets are fenfibly retarded in their
Motions. Yet in Air the Refiftance is {enfible;
wherefore the Denfity of the Medium, in which
the Planets fhould move, muft be almoft im-

menfly lefs ; therefore zbe Planetary Syfiem isnot 1243

filled, uniefs it be &y fuch a (wbtile Medium.

But we may from the Divifibility of Matter
deduce, thata Quantity of Matter, how {mall {o-
ever it be, may be difperfed all over the Pla-
netary Syftem, leaving but very fmall Ilnter-
ftices. *

Cor AP XTI
Conceruning the Motion of the Earth,

ESIDES the Queftion that has been

handled in the foregoing Chapter, thereis
alfo another to be examined, before we proceed
to the Explication of the whole Syftem.

That no Doubt may be made concerning the
Syftem, which has been explained in the frft
Chapter of this Book, we muft here prove the
Motion of the Earth, concerning which it is no
Wonder that many have doubted ; for the Ce-

leftial

9
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*993

1244

leftial Motions cannot be determined by us, but
by Obfervationsmade by Obfervers on the Earth 4
and the fame Phznomena appear, whether the
Bodies themfelves be moved, or the Spectator
be moved;* fo that it is not to be proved by
immediate Obfervations, whether the Motion of
the Earth is to be referred to the heavenly Bo-
dies or not,

That the Earth is carried about the Suny is de-
auced from the Analogy of the Motions, and from an
Examen of the Laws of Nature.

As to what relates to the Amalogy of the Mo-
tions, it is to be obferved, that Satellites revolve
about Fupiter and Saturn, which are lefs than
the central Body ; that the Moon revolves about
the Earth, than which it is lefs. Laply, 'That
the Sun has revolving about it lefs Bodies than
itlelf, as Mercary, Venns, Mars, Fupitery and
Saturn. Now if the Earth revolves with the

1245 reft, then every where in our Syffem the leffer Bo-

dies move aboutthe greater : Now there wonldbe an
Exception in this Rule, in refpect of the Sun, if
that vaft Body was to goround [o [inalla Body asthe

*975 the Earth, *

About the Sun, Fupiter and Sarurn, about which
feveral Bodiesrevolve, thofe move the floweft whick

1246 are nioft diffant from the central Body, and accord-

ing to this Rule, that the Squares of the Periodi-
cal Times follow the Ratio of the Cubes of the

*o74 Diftances; * which Rule may be applied to the

Earth, if it becarried about the Sun with the reft
of the Planets, as appears, if its Periodical Time
(namely the Time in whichthe Sun appears to per-
form an entire Revolution) and its Diftance from
the Sun be compared with the Diftances and Pe-
riodical Times of the reft of the Planets.

Now this Rule Zas only one Exception, if the
Sun be moved about, the Earth is at reff.  Inthis

Cafe




Book IV.  of Natural Philofophy. 223

Cafe Merciry, Venus, Marsy Fupiter; and Satursn,
are fubject to this Rule in their Motions, as alfo
the five Satellites of Satarn, and the four Planets
that accompany Fupiter ; only the Moon and the
Sun would move above the Earth ina Proportion
quite different ; and then the Celerity of the
Sun would not only be greater than is required
by this Law, but its Velocity would at leaft be
fix and twenty Times greater than that of the
Moon, though it be removed to a vaft Diftance
from the Earth, in refpeét tothe Moon’s Diftance :
And therefore in this refpect, the Analogy of the
Celeftial Motions would be difturbed.

To thefe Arguments 1 fhall add others, where-
by it will clearly appear, that the Motion of
the Earth is a neceflary Confequence of the Laws
of Nature, which are deduced from Phwxno-
mena.

All Bodies gravitate towards one another, ¥ 1247
therefore the Sun and Earth do; but the Mo~ "2°¢
tion, whereby thefe Bodies tend towards one
another, is deduced from dire€t Obfervations.
Whichfoever of thefe Bodies moves about the
other, defcribes Area’s by Lines drawn to the
Center of it, proportional to the Times, which
is evident from Aftronomical Obfervations ;
therefore the Body moved is retained in a Curve
by a Force, which is direfted towards the Center
of the other.® Now as Re-a&ion is always *:26
equal to Adtion,* unlefs the Laws of Nature, *126
which obtain conftantly every where, be whally
overturned, thefe two Bodics tend towards one
another with equal Motions ; that is, with Cele-
rities that are inverfly as their Mafles;* which *6g
is alfo immediately deduced from the Law of
Gravity. * *123%

The Quantity of Matter in the Earth is next
to nothing, in comparifon to the Quantity of

Matter
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Matter in the Sun, as we fhall fhew in the fol-
lowing Chapter ; wherefore the Sun muf move
very flowly whilft the Earth comes towards it very
[wiftly. ;

Whence it follows, that the Earth is carried
round the Sun, left it fhould fall upon the Sun
by that very violent Motion whereby it is retain-
ed in its Orbit.

This Motion of the Earth is alfo deduced from
the fame Principles another Way.

Two Bodies, that are carried towards one an-
other by any Force, will at laft concur, or con-
tinually recede fromone ancther, unlefs each of
them be fo moved, as to have a centrifugal Force
equal to the Force whereby it is carried towards
the other Body ; but as the Bodies, which
gravitate towards one another, tend towards

*1a6each other with equal Forces,® or what is the

*osfame,* with Celerities that are inverfly as the
*t23¢ Quantities of Matter;* thefe Bodies cannot per-
1248 fevere in their Motions about one another, unlefs

both of them be fo moved, as to have equal centri-
fugal Forces, which does not happen, unlefs they
both revolve in equal Times about their common
Center of Gravity: That is, if this Propofition
be applied to the Sun and Earth, unlefs they
both move about a Point, whofe Diftance from
the Center of the Sun is to its Diftance from
the Center of the Earth, as the Quantity of
Matter in the Earth is to the Quantity of Mat-

,.tter in the Sun, they cannot perfevere in their
*I Motions about one another :* 'This Point or

Center of Gravity muft of Confequence be ve-
ry near to the Sun’s Center. Now fince
whichfoever of thefe Bodies moves, it perfe-
veres - in its Motion about the other, it follows,
that both of them are affeéted by the Motions
above-mentioned, and that the Sun is mozf-’d
ut
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but a little, whilft the Earth defcribes a very great
Orbit. Whence it follows, that the Motion of
the Earth cannot be denied by any one, who
reafons from the Laws of Motionthat are deduced
from Ph®nomena.

Having proved the annual Motion of the Earth 1249
and brought back the Earth amongft the Flanets,
there remains but little Dificulty in relation to
the Motion of it about its Axis; for no body,
that believes the annual Motion, doubts of this;

a great many, which allow of the Motion about
the Axis, deny the annual Motion ; therefore it
will be enough to obferve by the By, that all
the Flanets, concerning which any Obfervation
could be made in refpe€t of this Motion, do
move about their Axes; and that the Earth has
fuch a Motion; the uniform diurnal Motion in'
Bodies, at any Diffances, dees plainly enough [(hew.
To which we muft add, that the Celerity of the
fixed Stars, going through one whole Revolution
lefs than 24 Hours, can hardly be more probable
than it is conceivable:

This Motion alfo is difagreeable to the Nature
of all the beavenly Bodies ; for, if they are car- 1259
ried round, they muft every Day, with an equa-
ble Motion, defcribe Circles that have the Earth
for their Center ; that is, they muft, by Lines
drawn to the Center of the Earth, fweep through
Area’s proportionable to the Times, and be retain-
ed in their Orbits by Forces which are direéted
towards the Center of the Earth,* and by *:is
which (by reafon that Aftion and Re-ation * *126
are equal) ke Earth muit alfo be continually at-
tracted towards thofe Bodies; fo that it muf se-
cefJarily be agitated by avery violent Motion ; whence
it appears that the diurnal Motion muft not
be referred to the heavenly Bodies, but to the
Rotation of the Earth about its Axis.

Vou. IL Q "Thofe
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Thofe that obftinately affirm that the Earth
is at Reft, objec that Bodies, upon the Surface
of the Earth, muft (on account of their centri-
fugal Force) recede from the Earth, along a

217 'Tangent to a Circle parallel to the Zquator. *

We anfier, that the Bodies in the Places where
they are, are carried round with the fame Motion
as the Surface of the Earth ; and therefore that,
in refpect of the Points of the Surface, they en-
deavour to recede in Lines perpendicular to the

< ** Axis;* but alfo that Bodies by Gravity tendto the
122¢ Center of the Earth ;* and therefore by a Motion

compounded of both thefe, the Body is continu-

*19¢ally moved, or endeavours to move ;* but becaufe
19sthe firft Motion is extremely fmall in refpect of

the other, a heavy Body is turned but very lit-
tle out of its Diretion towards the Center, and
the Gravity is a little diminithed, fo much the
more as the Place is more diftant from the
Pole ; which agrees with Experience. We fhall
hereafter fhew, when we come to fpeak of the
Figure of the Earth, that the above-mentioned
Direction of heavy Bodies is every where direét-
ed perpendicularly to the Surface of the Earth.
A Body, which is thrown upwards, is acted
upon, not only by the Motion wherewith it is
thrown up; but it is alfo carried by the Mo-
tion that is imprefled to the Perfon or Ma-
chine that impels the Body ; that is, it is carried
by the Motion which is common with the Sur-
face of the Earth ; and therefore the Body moves
in the fame Line (the Line being carried on
with the Surface of the Earth) as it would do if
the Earth was at Reft.

CHAP.
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CHAP XIV,
Concerning the Denfity of the Planets.

B EFORE we proceed to the Phyfical Ex-
planation of the Syftem, we muft deter-
mine the Quantities of Matter in fome Bodies,
and their Diverfities ; which being known, the
Effects of the Laws, by which thefe Bodies are
governed, will more eafily appear.,
The Quantities of Matter, in different Bodies,
are to one another, as the Gravities at the fame
Diftance from thefe Bodies;* which Gravities ~1207
are to one another inverfly as the Squares of the
Periodical Times of the Bodies revolving about
thofe different Bodies at the fame Diftance® *236
By multiplying the Quantities which are in this
Ratio by the fame Quantity, (viz.) by the Cube
of this Diftance, the Ratio of thefe Quantities will
not be changed ; which are therefore to one ano-
ther as the Quotients of the Divifions of the a-
bove-mentioned Cube, by the Squares of the Peri-
odical Times aforefaid : But the Quotient of fuch
a Divifion is found for any Body, by dividing
the Cube of the other Diftance; let it be what
it will, by the Square of the Periodical Time of
the Body revolving at that Diftance ; for fuch
Quotients are equal to one another, for all Bo-
dies that revolve about the fame Body at any
Diftances; as follows from the Equality of the
Ratio between the Cubes of the Diftances, and
the Squares of the Periodical Times at thofe
Diftances.®* From which we deduce, that r2e *o74
Quantities of Matter, in any Bodies in our Syftemn, 1252
are to one anotber direltly as the Cubes of the
Diftances at which other Bodies revolve about thefe,
‘ Q2 and
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and inverfly as the Squares of the Periodical Times
of thefe revolving Bodies.,

Thefe Things are demonftrated by fetting a-
fide the Agitation of the Central Body, whofe
Quantity of Matter is enquired after.

By reafon of the Sun’s Magnitude, in refpeé
of Venus, ex. gr. which alone we confider of the
Planets, the Sun is {carce moved by the Aétion
of that Planet.* And Venus may be confidered
as moving about a quiefcent Body.

The Satellites of Fupiter and Saturn are in-
deed carried by the common Motion along with
the Primary Planets, but by reafon of the Mag-
nitude of the Primary Planets, they are carried
about them as about Bodies that are at reft.

But the Moon alts fenfibly enough upon the
Earth and moves it ; wherefore before we can com-
pute the Motion of the Moon by the Help of the
aforefaid Rule,* in order to compare the Quanti-
ty of Matter in the Earth with the Quanti-
ties of Matter in the Sun, Fupiter, and Satursn,
we muft determine tbe Diftance at which the
Moon wonld move about the Earth, if it was at
Reft (that is, #of carried about by the Aftion of
the Moon) in the fame Periodical Time in which
it now performs its Revolution. Here alfowe don’t
take Notice of the Motion that is common to the
Earth and Moon, by which they are both car-
ried about the Sun.

The Moon perfeveres in its Motion about the
Earth ; therefore the Earth and Moon are moved
about a common Center of Gravity ; as follows
from what has been demonftrated concerning the
Earth and the Sun,* and the Moon (with that
Force ' with which it tends towards the Earth)
revolves in an Orbit whofe Semi-Diameter is the
Diftance of the Moon from the aforefaid com-
mon
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mon Center of Gravity of the Moon and the
Earth,

Let L be this Diftance of the Moon from the
common Center of Gravity; T the Diftance of
the Earth from the {fame Center; L — T there-
fore is the Diftance of the Moon from the Earth,
and is 60 ; Semi-Diameters of the Earth ; for here
we confider the mean Diftance. Let D be the
Diftance which we would have, at which the
Moon, by its Gravity towards the Earth, would
move about the Earth, if it was at Reft, in the
fame Time in which it is now moved about
the common Center of Gravity at the Diftance
L

By reafon of this Equality of the Periodical
Times, the Force, whereby the Moon would be
kept in its Orbit at the Diftance D, is to the
Force whereby it is kept in its Orbit at the
Diftance L, as D to L.* #3232
But the Force whereby the Moon would tend
to the Earth, and be kept in its Orbit at the
Diftance D, is to the Force whereby it is now
kept in its Orbit at the Diftance L 4 T, as
L + T4to Di*, 'Therefore *ia68
D,L:: L4 Ty D3
Confequently D¢ =L xL+4-T% and D° XL - T
=LxL 4 T¢ : Whence we deduce the following
Proportion :
L+T,D¢:: L} T, L.
Therefore L4- T, D :: L} T, is to thefirft of
twe mean Proportionals between L -+ T and L,
L-}-T is to L, as the Quantity of the Matter
in the Earth and Moon taken together, to the
Quantities of Matter in the Earth alone ;% #.34
which Quantities of Matter, as we fhall fhew 235
hereafter, are to one another, as 40, 37. to

Q3 39 37-
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39, 37. and the firft of two mean Proportionals
to thefe Numbers is 40,035 ; therefore 40, 37. is
to 40,035. as 6o} to the Diftance required,
which is found to be 6o Semi-Diameters of the
Earth.

Concerning this Operation it is to be noted,
that the Diftance D cannot be difcovered, unlefs
the Ratio between the Mafs of the Moon and the
Earth be known, which cannot be determined
unlefs the Ratio between the Denfity of the Sun
and the Earth be found : To difcover which, it
is neceffary that the Diftance D be known.
Wherefore D is difcovered at firft by Trials, and
is exaltly determined by Approximation. But
it is certain, that this is 60 Semi-Diameters of
the Earth ; becaufe, this being fuppofed, it is
found that the Ratio between the Quantities
of Matter of the Moon and the Earth is as
1 to 39, 3%. as we fhall fee hereafter ; by mak-
ing ufe of which Proportion, this Diftance is
difcovered to be 6o Semi-Diameters, as we have
fhewn.

"Thefe Things being premifed, we proceed to
the Computation.

The Diftance of Venus from the Center of the
Sun is %723, and its Periodical Time is 5393

"959 Hours.

The Fourth Satellite of Fupiter is diftant from
the Center of Fupiter 12, soy. {fuch Parts of
which Penus is diftant from the Sun 723. The
Periodical Time of this Satellite is 402 Hours,

w :
97' § Minutes.*

The Fourth Satellite of Saturn is diftant from
the Center of Saturn g, 292. of the {ame Parts;

972 and its Periodical Time is 382 Hours 41 Min,*

Laftly, the Diftance of the Moon is 6o Se-
mi-Diameters of the Earth from its Center, and
2,909.
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2,909, of the aforefaid Parts. Its mean Perio-
dical Time is 655 Hours, 43 Min.

If you divide the Cubes of thefe Diftances re- 1254
{pectively by the Squares of the Periodical Times,
you will have, in the Quotients, Numbers
which are to one another as the Quantities of
Matter in the aforefaid Central Bodies ; * *1252
which Quotients are to one another as the fol-
lowing Numbers:

Quanti- %In the Sun.InFupiter. Iy Saturn.In the Earth

s of
fMﬂ.’?cr. 10000, @, 248. 4,223, 0,0044.
We have alfo the Proportion of the Diametersi2s6
of thefe Bodies from Aftronomical Obfervations,
as follows.

Diame= Ofthe Sun.Of Jupiter.OfSatarn. Ofthe Earth
ters > 1Ioooco. 1077.  880. 104,

If the Quantities of Matter abovefaid be di-1257
. vided by the Squares of the Diameters, the Quo-
tients will be to one another as the Weights on

the Surfaces of the aforefaid Bodies ;* and thefe "1227
Quotients are as the following Numbers.

on th

Gravities { Of the S un.Of fupiter. Of Saturn. Of theEarth 12§ 8
; ;
Sm-j";acng 10000. 797,15, 5345337 407. 832.

If you divide thefe Numbers by the Diame- 1259
ters, you will have the Proportion of the Den-
fities of thofe Bodies.* *past

The Quotients, found by thefe Divifions, are
as the following Numbers.

Den- g Of the Sun. Of Fupiter.Of Saturn,Of theEarth 1260
. [fities 10000, 7404 6o11.  39214.

Q4 We
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We fhall determine the Denfity of the Moonin
the laft Chapter.

It is not probable that the aforefaid Bodies are
homogencous. We fhall fhew in relation to the
Earth, in the 1yth Chapter, that it is denfer to-
wards the Center than towards the Surface ; from
whence it follows, that the Denfities cannot be
exactly determmed Wherefore we only determine
the wm:z Deav, ‘es, that is, which the Bodies would

1261 bave, if the fame Bodies, keeping the Jame Quan-

tity of Maitter and Bulk whichthey now bawe, fbould
become bomogeneous.

1262 The above-mentioned Propartmﬁ between the
*1260 Denfities, in refpect of all the Bodies, and the reft

of the C’rﬁzpamzzom in refpelt of the &rf:, Tupiter,

and Saturn, are free from any fe,:f ble Error : Bben
they are compared with the Earth there may be fome
Error, whichmuft becorredted by Obfervarionsto
be made hereafter ; for we {uppofe the Diftance of
the Moon (wh:ch is 60 Semi-Diameters of the
Earth) to be 2, gog fuch Parts, of which Penus
is diftant from the Sun 723, that is of which the

9’°’£arth is diftant from the Sun 1000 ;* which Di-

*ftance of the Moon is difcovered by {'uppoﬁm the
Horizontal Parallax of the Sun 10", whichcan-
not be looked upon as abfolutely true, although
it be deduced from the moft exact Obfervations
that have hitherto been made, of the Parallax of
Mars, when it is neareft of allto the Earcthy which
is too fmall to leave us withoutr Sufpicion of

*110ffome Miftake ®

But the Error, innot determining truly the Pro-
portion between the Semi-Diameter of the Earth
and the Diftance from the Sun, doesnot change
the determined Denfity of the Earth, as is dedu-
ced from Computations made about it.

For it follows from thefe, that the Denfitics

of Bodies are to one another in a Ratio com-
pounded
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pounded of the direét Ratio of the Cubes of
the Diftances of the Bodies carried about, and

the inverfe Ratio of the Squares of the Periodical
Times of thefe revolving Bodies ;* as alfo of “r254
the inverfe Ratio of the Cubes of the Diameters

of the Central Bodies whofe Denfities are requi-

red ;* the Ratio, compounded of thefe, is com- *1257
pounded of the direct Ratio of a Fraltion whofe 1259
Numerator is the Cube of the Diftance of the
revolving Body, and whofe Denominator is the
Cube of the Diameter of the Central Body, and

the inverfe Ratio of the Square of the Periodical
Time of the Body carried about, But you have
fuch a Fradtion, if you know the Ratio between

the Diameter of the Central Body and the Di-
ftance of the revolving Body from that Center,
although this Diftance can be compared with no
other ; but this Ratio is given in refpeét of the
Earth and Moon, as well as in refpe@ of the
other Bodies ; wherefore alfo the Ratio of the
Denfity of the Earth to the Denfities of the
other Bodies is exactly difcovered.

C H A P..XV.

The Phyfical Explanation of the whole
Planctary Syflem.

N the firft Part of this Book we have fhewn,
what are the Motions of the Bodies in the *124,
Planetary Syftem; now we muft explain how '25
thefe Motions follow from the Laws of Nature j* "%
that is, how thefe Bodies, being once put in Mo- hags
tion, perfevere in thofe Motions which we obferve. !,2.0073'
Let us conceive the Sunand Mercury to be left 154
to themfelves, and they will come together ;* »
but if they be projected, they may revolve about

a

1206
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a common Center of Gravity in equal Timess
71242 and defcribe immoveable Elliptic Lines, * and
'20% perfevere in that Motion ; for it is plain, by Ma-
24! thematical Demonftration in that Cafe, that the
Bodies will defcribe Ellipfes about the common
Center of Gravity, fimilar to that which the one
of them could defcribe with the fame Forces
about the other, if it was at Reft : 'T'his Center,
“2350n account of the Sun’s Magnitude,* is very
little diftant from the Center of the Sun it-
felf.

Let us conceive befides, Venus to be projected
at a greater Diftance from the Sun, it will a lit-
tle difturb the Motion of AMercury, which alfo,
by irs Altion upon Pewus, will turn it a ljt-
tle out of the Way, and both will draw the Sun,
{ometimes the fame Way and fometimes different
Ways; but we find all thefe Irregularities are in-
fenfible, if we confider the Magnitude of the
Sun ; and therefore that thefe three Bodies tend
towards a Point thatisbetween them nearthe Sun,
which therefore is very little diftant from the
common Center of Gravity of them all.

If the Earth, Mars, and the other Planets be
fucceflively projeéted at different Diftances from

1264 the Sun, the fame Reafoning will hold good,
Whence it follows, that a/izhe Planets are revolv-
ed about the common Center of Gravity of ali the
Bodies which compofethe Syffem, whichis but little
diftant from the Sun, and that the Planets do not

1265 fenfibly difturb one another ini theirMotions ; where-
fore tbey all defcribe the (ame Line fingly, which
they would deferibe about the Sun, if every one of
them was alone with the Sun in the Planetary Sy-
fiem, that is, immoveable Ellipfes : For it is
plain, that thefe will be defcribed by the Force

1208 of Gravity;* and it is proved by Mathematical

*+t Demonftration, that no other immoveable ex-
2 centric
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centric Lines can be defcribed by a Central Force
acting equally at equal Diftances.

It will alfo more plainly appear, that all the
Planets tend to a Point near the Sun, if we con.
fider that the Quantity of Matter in the Sun is
a thoufand times, and more, greater than the
Quantity of Matter in Fupiter, which is far the
greateft of all the Planets.*

When all the Planets move, though they move
the Sun but little, yet they do move it, and draw
it differently according to their different Situati-
on in refpect of one another; whence there arifes
a fmall Motion in the Sun, whichalways depends
upon the Motion already acquired,and the Change
which happens in it from the A&ion above-men-
tioned, which varies every Moment,

235

*llsg
1226

It is owingto this Agitation of theSun, that the 1267

Planets difturb one another lefs in their Elliptic
Motions round the Sun, than if the Sunwas at Reft
in the Middle of the Syftem. 1t Fapiter, ex. gr.
was equally diftant from Afercury and the Sun, it
would attract both thofe Bodies to itfelf with an
e?ual Celerity ;* whence the Situation, in refpect
of the Sun, is lefs changed than if the Sun was
not agitated by this Motion, and Mercury only
was attracted by Fupiter : According to the va-
rious Diftances of Mercury and the Sun from
Fupiter, the one or the other is more attraéted,
and there is always a lefs Change in their refpec-
tive Situation when both are carried the fame
Way, than if (the Sun being at Reft) Mercury
only fhould be carried towards Fupiter.

This Reafoning may be applied to all the
Aétions of the Planets, that are more diftant
from the Sun, upon thofe that are lefs diftant.
As to what relates to the Aétion of thofe thar
are nearer, upon thofe that are farther from the
Sun, according to the different Situation they

draw

*r23¢
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draw 2 Planet to the Sun, or drive it from the
Sun, and in confidering one whole refpeétive Re-
volution, that is, the Motion from one Conjunc-
tion to another, the Difturbance is lefs than
if the Sun was immoveable.

'The Magnitude of the Sun, compared with
the reft of the Bodies of our Syftem, is the Rea-
fon (as appears by what has been already demon-
ftrated) that the Planets difturb ome anotherbut
little; but fince the Magnitude is not infinite,
thefe mutual A&ions muft not be wholly over-
looked.

We have faid, that it appears by Aftronomi-
cal Obfervations, that Fupirer alters the Way of

*1u17 Saturn when it is neareft to it ;* why this Di-

fturbance is more {enfible than thereft, is deduced
from the Law of Gravity,

1269 The Actions of Fupiter upon Saturn when it

is neareit to it, and of the Sun upon the fame
Planet, by which it is kept in its Orbit, are to
one another directly as the Quantities of Matterin

* 1207 Fupiter and the Sun,* (viz.) asg, 248. to 10000,*
1255 and inverfly as the Squares of the Diftances of

Fupiter and the Sunfrom Sitarn; that is, diretly
as 81 to 16 ; for the Diftances of Saturn and

1270 Fupiter from the Sun are almoft as 9 to § ; where-

fore,when Fupiteris neareft to Saturn, the Diftances
of Saturiz from Fupiter and the Sun are as 4
to 9. 'The Ratio compounded of the two afore-
faid Ratio’s is as 749 to 160000, or as I to 214.
"This Aétion of Jupiter confpirves with the Gravity of
Saturn towardsthe Sun, andtherefore encreafes =i
Part : Whence it is no Wonder that the Diftur-
bance is fenfible. '
We don’t here confider the Force by which
Fupiter ateraéts the Sun, for the Orbit of Saturn
is not changed by it, and what we had to ex-
plain was, why Aftronomers obferve Satur# to

be
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be turned out of the Way ; yet by the A&ion of
Fupiter upon the Sun, the Sun is brought nigher
to Saturn, and the refpective Situation of thefe
Bodies is more difturbed, than is difcovered by
Aftronomical Obfervations. The TForce with
which Fupiter in the aforefaid Pofition attracts
the Sun, and with which therefore the Sun is at-
tracted towards Saturn,isto the Force with which
Fupiter attralts Saturm, as 16 to 25 3% that is, *1a08
as 479 to 749, which Number exprefles the
Force with which Saturn tends towards Fupiter,
when the Gravity of Safurn towards the Sun is
exprefled by 160oco. If we collet into one
Sum the Forces of Fupiter, by which it attracts
Saturn and the Sun ; the Force, by which, from
the Interpofition of Fupiter, thefe Bodies tend
towards each other, will be to the Gravity of Sz-
turn towards the Sun, as 1228 to 160000 ; but
this Gravity is to the Gravity of the Sun towards
Saturn, as 160000 to 67, §.* wherefore the *iz07
mutual Accefs, or Approach of the Sun and Saturn 1755
is to the Encreafe of this Approach by the Aition of 1271
Jupiter interpofed, as 160067 to 1228, or, 45 130
o 1.

ThisDifturbance is remarkable, and far the great-
eft of any that happens in the Motion of any of
the primary Planets: This al{fo obtains only in this
one Cafe of the Conjunttion ; for when Fupiter
recedes from Saturn, the Difturbance ofthe Motion
of Saturn, in a fhort Time, becomes infenfible.

In the fame Pofition of Fupitery when it is
neareft to Saturn, the Force of Saturn, although
it be the greateft of all in this Cafe, does not {o
{enfibly alter the Way of Fupiter about the Sun.
The Aétion of Saturn, attracting Fupiter,is to irs
Adtion by which it attrats the Sun, as 81 to
16 ;% therefore it attracts Fupiter with greater =, .5
Celerity ; and fince they are both attradted the

fame
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{fame Way, the Difference of thefe Forces is the
Force with which (from the Aéion of Satury)
175 Jupiter and the Sun are feparated from each other* ;
which is therefore to the Gravity of the Sun to-
wards Saturn, as 63 to 16; but this Gravity
of the Sun towards Sefurm is to the Gra-
vity of Fupiter towards the Sun, as 4, 223.to
*1297 1o000%, and as 25 to 81% ; that is, as 106 to
L 33 810000, Or as 16 to 122756 ; therefore the di-
%% fturbing  Force of Saturs is to the Gravity of
Fupiter towards the Sun, as 65 to 122756, or
12%72as 1 to 1888 ; therefore by the greateft Aftion of
Saturn, the Gravity of Jupiter towards the Sun is
diminiflred only by vgss Part, which Difturbance is
infenfible.

The other mutual Difturbances of the Planets
are much lefs, as will appear by determining
that, which is the greateft of them all, (viz.)
that of Mars by Fupiter, which is difcovered by
the fame Sort of Computation as the forego-
ing.

gT he Diftance of Fupiter from Mars and the
Sun, when JMars is between the Sun and Fupiter
*9611n the fame Line, are as 7 to 10%; wherefore
96: the Forces with which Fapiter attraéts thefe
1220 Bodies, are as 100 to 49%, the Difference of
which FPorces is to the Gravity of the Sun to-
wards Fupiter, as §1 to 49. This Gravity of
the Sun towards Fupiter, is to the Gravity of
*1207 Mars towards the Sun, as 9, 248 to 1000¥, and
125535 9 to 10o*; that is, as 83 to 1000000; or as
7120849 to 590443 ; and the difturbing Foree of Fu-
piter is to the Gravity of Mars towards the Sun,
as 51 to 590443 ; orasi to 1157% : wherefore
12793 the Gravity of Mars towards the Sun, is diminifbed
oty iz Part by the Aftion of Jupiter when near-

eft to 7r,
Although
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Although thefe Difturbances, arifing from the 1
Aitions of the Plauets upon each other, be very
{mall,and although thofe which happen in a differ-
rent Pofition of the Planets do in fome Meafure
compenfate each other, yet the Proportion inwhich
the Force, which keeps the Planets in their Or-
bits decreafes, is a little changed by thefe Aétions,
{o that it does not decreafe exadtly in an inverfe
Ratio of the Square of the Diftance : Therefore
although the Orbits are at Reft as to Senfe, after
a great many Revolutions, a (mall Change is 0b-*

39
274
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[erved in their Situation.® 929

From all this it follows, that if we {uppofe the?
Planets at firlt once projected at theDiftances from
the Sun at which they are moved, they will, by
the Laws already explained, perfevere in thofe
Motions ; and the Excentricity of the Orbits de-
pendsupon the Celerity and Dire&ion of the firft
Projection, But thefe Motions may be preferv-
ed very long, by reafon of the fmall Refiftance
of the Celeftial Matter,

It is alfo plain, why, by Lines drawn to the
Center of the Sun, they defcribe Areas propor-
tionable to the Times ; namely, becaufe all other
Gravities, in the Syftem, are very fmallin refpeét
tothe Gravity towardsche Sun* ; therefore by this *
Gravity alone, it is that they are retained in'their
Orbits ; whence follows this Proportion of the
Areas*.  And alfo the Motion in Elliptic Lines, *
which are carried on very flowly, follows from the
Law of Gravity; and thefe Lines would alfo be
immoveable, if the Planets gravitated only to-
wards the Sun * ; but this flow Motion of the *
Orbits is deduced from the A&ion of the Pjy.:

nets upon one another.® Now in refpedt to the *

Proportion which is obferved between the Cubes
of the Diftances, and the Squares of the Periodi-
cal Times, it is alfo deduced from the Law of

Gravity

Bs

12675

22§
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239 Qravity ;* fo that if we add to thefe what we

J:T;have faid of the Deflection of Sarurs,* nothing
127¢Will femain to be explained in refpeét to the pri-
mary Flanets.

1296 'That the Motion of Comets depends upon the Law
of Gravity, is alfo deduced from Obfervations ;
and in refpect of them, as has been faid concern-
ing the Planets, the Sun’s Gravity prevails, and
by that Gravity they deflect from a rectilinear

*980 Courfe;* but that the Curvature of their Way

226depends upon the fame Gravity, follows from

this ; That a Body, by that Gravity, will de-

, fcribe an Ellipfe, or a Parabola, or an Hyper-

*+'bola ;* which Lines it appears that thofe Comets

1268 have defcribed, whofe Traje€tories have been
determined.

1277 The Satellites of Jupiter and Saturn are moved

*944 by the [ame Laws about their Primaries, as the
966 Primaries are moved about the Susn ;% wherefore the
974 Explication of thofe Motions * may be alfo refer-

*12375ved to them ; for in thefe three Cafes, {maller
Bodies are revolving at different Diftances a-
bout a much greater Body : Namely, Satellites
about Fupiter and Saturn and Frimary Planets
about the Sun.

1298 Whilf fecondary Planets are moved about a Pri-
mary one, it is evident that they may all be moved
with one common Motion, whereby the refpective
Motions with which they are moved, in re{pe¢tof
each other, will not be difturbed, becaufe a Body
may at the fame Time be moved by different Im-

*125 preflions : ¥ The Motion that a Primary Planet
has, in common with its Satellites, is the Motion
of a Primary Planet about the Sun.

1279  Yetzhe Motionof the fecondary Planetsisdifiurbed
by the Aétion of the Sum,towards which they are carri-
ed fometimes fafter, and fometimes{lower, accord=
ing to the different Pofition of the Primary ; ;nd

they
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they alfo often concur towards the Sun’s Center .
in “different Directions, Thele Irregularities, |
which are very {mall, cannot be obferved in the ;
Satellites of Fupiter and Saturn, though they be |
really like thofe whichare obferved in the Motjon ,.
of the Moon: The leaft Deviation of this laft is
very fenfible to us. But that the Irregularities of
the Moon exaétly follow from the Theory of
Gravity, will appear in the next Chapter.

C-H A"P. " XVL [

The Phyfical Explication of the Moon's I
Motion. |

IT is certain that the Moon and Earth having r28c
once a projeétile Motion given them, they |
can perceive in their Motion about their common i
Center of Gravity ;* if they be carried any Way *1263
by a common Impreffiondirected in parallel Lines,

as was faid of the Satellites Fupiter and Saturu* *1278 |
this Motion will not difturb the Motion about i
the common Center of Gravity, which will fol-
low that Direction only, becaufe in refpeét of i
the two Bodies it is at Reft. But the Bodies 1
are carried by a Motion compounded of that Im- }
preffion, and of the Motion about the common

Center of Gravity ; * that is, they are whirled *iq0 ’

about that Center as it is carried along, as be-
fore its Motion when it was at Reft. If every
Moment new Impreflions common to both the
Bodies a&t upon them, the Way of the Center
of Gravity may be changed every Moment, il
which Change will be like that which the Bodies (
themfelves would undergo, if they had no refpe-
Etive Motion.

Vor. 1L R Hence
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1281

Hence we deduce, that if whilft the Moon and
Earth are whirled round their common Center of
Gravity, they be both projected, the Way of the
Center of Gravity, by the Action of the Sun
acting upon both Bodies, is the fame as a Body,
projected in the fame Manner, would defcribe
about the Sun.

Whence it follows, that the Moon diffurbs the
Motion of the Earth, and that the common Center
of Gravity of thofe Bodies defcribes that Orbit
about the Sun, which we bave bitherto (aid, that
the Earth defcribed ; becaufe we looked the Aétion

1282 of the Moon ; but the Earth deferibes anirregular

1283

Curve.

Fig. 4. Plate XXIV.] Let the Sun beat 8;and
the common Center of Gravity of the Moon Q,
and the Earth at M, at the Time of the full Moon,
be at F: After one whole Lunation, that is, the
next full Moon, let that Center be at A ; and let
F D A be the Orbit which we call that of the
Earth ; but in which it is the Center of Gravity
above-mentioned that does really move.

If this Lunation be divided into four equal
Parts, after the firlt, the Center of Gravity will
be at E, the Moon at P, and the Earthat L ;
after the fecond Part of the Time, at New-
Moon, the Center of Gravity will be at D, the
Moon at R, and the Earth at I; in the follow-
ing Quadrature, the Center of Gravity will be
at B,the Moon at O, andthe Earth at H, Laftly,
at Full-Moen the Center of Gravity being at A,
the Moon will be at N, the Earthat G: All
which follows from the Revolution of the Earth
and Moon about their common Center of Gra-
vity, whillt it is carried in the Orbit about the
Sun.

Therefore we fee the Earth moves in the

Curve M L I H G, which is twice inflefted in
cach
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each [Lunation ; which Curve alfo does not return
into itfelf, becaufe the Inflections in the feveral
Revolutions about the Sun do not coincide ; for
12 Lunations, and a third Part of another, are
performed every Year.

This Irregularity of the Motion of the Earth, 1284
whichis deduced from the Laws of Nature, 7s#p0
fomall to become fenfiblein AfironomicalObfervations
wherefore we may without any Error fay, that
the Center of the Earth itfelf defcribes the Qr-
bit FD A; for MF, or DI, the greateft Di-
ftance of the Earth from that Orbit, is about the
4oth Part of the Diftance I R, which Diftance
itfelf is not the gooth Part of the Diftance
F S.

In explaining what velates to the Moon, we alfo 1285
neglett the Confideration of the Motion of the Earth
about the common Centerof Gravity above-mentioned,
but we [uppofe it to revoive at the Diftance of 60 Se-
midiameters from the Centerof the Earth; becaufe,
as we have before demonftrated,* {uch is the Di- *1253
ftance at which, in its periodical Time, itcould re-
volve about the Earchat Reft, orbe carried alang
in an Orbit in which it thould not be’ difturbed by
the Moon’s Aé&ion. By this Methad, the Moon’s
Irregularities will be much more eafilydifcovered ;
for they are the fame ; as is evident, whether the
Moon moves about the common Center of Gra-
vity of the Moon and Earth, or about the Cen-
ter of the Earth itfelf.

Plate XXV. Fig. 1.] Let S be the Sun; T the 1286
Earth ; and the Orbit of the Moon ALB/; and
laft of all, let the Moon be at A inthe Quadrature ;
it tends towards the Sun in the Direftion A 8,
in the {fame Manner, and with the fame Force
that the Earth is carried “towards S along T S,
becaufe the Diftances A S and T § are equal:
This Force may be reprefented by T S or ASS,

; R 2 whereby
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whereby the Moon endeavours to defcend along
AS, and isrefolved into two Forces, by drawing ;
the Parallelogram A D ST; fo that the Moon ‘
will endeavour to move in the Direétions AD
and A T, by Forces reprefented by thofe

*192 Lines.*

By the Force which aétsalong AD, the Moon
is carried with the fame Celerity and the fame
Way of the Earth; by reafon of the equal and
parallel Lines T S and A D : Wherefore by this
Motion, the Relation between the Moon and
Earth is not changed ; but the Force along AT

1287 confpires with tbe Gravity of the Moon towardsthe
Earth, and this Gravity is encreafed by the Aition
of the Sun, whentie Moou is in the Quadratures ;
and the Auginentation or Addition isto the Gravity
of the Earth towards the Sun, as A 'T the Moon’s

_Diftance from the Earth is to T S, the Earth’s Di-
fRance from the Sun.

1288 'T'S the Earth’s Diftance from the Sunremaining
the (ame, the above-mentioned Adddition of Gravi-
ty encreafes, and diminifles in the Ratioof the Line
A'T, the Diftance of the Moon from the Earth.

But this Diftance of the Moon from the Earth
A T, if it remains the fame, and T S be encreaf-
ed, then AT will be lefs in refpet of AS:
Therefore though there fhould be no Change inthe
Force, whereby the Earth and Moon fall towards
the Sun, the Addition will be lefs, and fo much
lefs as T Sis greater; that is, it will be inverfly as
T S; but the Force of Gravity does not remain
the fame, when T § is encreafed, but is diminith-
ed ; wherefore alfo in that refpet, the above-men-
tioned Addition is diminifhed, and in the fame

! Ratio with that Force of Gravity; therefore

| it is the inverfe Ratio of the Square of the

*1208 Diftance T §;* if this Diminution be added to
that above-mentioned, we feethat the Addz'titt?:f le

: wilc
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which we fpeak, follows the inverfe Ratio of the 1289
Cube of the Difiance of the Earth from the Sun.

The Diftance of the Earth from the Sun yemaini- 1290
ing the [ame, the Gravity of the Moon towards the
Earth decreafes more flowlyin the Quadratures, than
according to the inverfe Ratio of the Square of the
Diftance from the Center of the Earth ; for if the
Addition in that Cafe fhould follow the inverfe
Ratio of the Square of the Diftance, as the
Gravity from the Action of the Earth does,* this *1208
Ratio would not be difturbed ; but the Addition
encreafes when the Gravity itfelf is diminifhed ;
wherefore the Addition, when the Diftance is
encreafed, is always greater than is required, and
confequently the Diminution the lefs.

This Additionis determined intbe mean Diffan-1291
ces of the Moon fromw the Earthy and of the Earth
from the Sun: Let AT and T S be thefe mean
Diftances ; the Addition required is to the Gravity
of the Earth towards the Sun,as AT to T S¥*;*1.87
the Gravity of the Harth towards the Sun, 7s o
the Gravityof the Moontowards the Earth (becaufe
thefe Bodies are retained by thefe Gravities in
their Orbits) direétly as T S to T A, and inverfly
as the Squares of the Periodical Times of the Larth
about the Sumy and of the Moon aboutthe Earth :¥ *337
Therefore the Addition required is to the Gravity 1236
of the Moon towards the Earth, in a Ratio com-
pounded of thefe Ratio’s ; that is, the above-
mentioned inverfe Ratio of the periodical Times
of the Earth and Moon, the other Ratio’sdeftroy-
ing one another. ‘Thefe Times are given, and
their Squares are inverfly as 1 70 178,73, ‘

Now if the Moon be at L, [Plate XXV,12g2
Fig. 1.] in which Situation the Sun attraéts the
Moonand Earth in the fame Line, but not equally ;
the Moon it draws with a greater Force, be-
caufe it is lefs diftant from it : The Difference of

R 3 thofe
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thofe Forces is the Force by which the Moon
is drawn back from the Earth, and by which
the Gravity of the Moon towards the Earth is
diminifhed.

The Forces whereby the Moon at L, and the
Earth at ‘T, tend towards the Sun, are to one

*12cf another as the Squares of the LinesS T and SL :*

and the Diffcrence of the Forces, that is, the di«
fturbing Force, is to the Force by which the
Earth defcends toward the Sun, as the Difference
of thofe Squares to the Square of the Line L. S;
that is, nearly as double I.'T to L Sor TS ; for

1293 thefc Lines do bue very little differ from one ano«

ther; and ibe Diffevence of the Squares, whofe
Roots differ but litle, s keeping the Proportiom
double that which is between the Roots.
Iftherefore T &, as before, reprefents the Force
whereby the Barth defeends towards the Sun, L /
will reprefent the difturbing Force and dimimnifh-
ing' Gravity, when AT reprefents the difturb-

*286 ing Force in the Quadratures.* Let the Moon be
1294at/ ; it is again (together with the Earth) attract-

ed by the Sun in the fume Line ; but the Earth,
becaufe lefs diftant, wmoves more fwiftly to-

*r2o8 wards the Sun;* fo that there is a Force

which feparates the Earth from the Moon,
namely, the Difference of the Forces which at-
tract the Moon and the Earth; which Force
always acts contrary to the Gravity of the Moon
towards the Earth, and diminifhes it, in the
fame Manner as has been demonftrated from the
greater Gravity of the Moon towards the Sun,
fuppofing it at L. At / alfo the feparating
Force {carce differs from the feparating Force
at L; for this Force, as we have thewn, ispro-
portional to the Difference of the Squares of
the Lines ‘T § and L S ; and that (as appears by

fuch another Demonftration) proportional to
I the
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the Difference of the Squares of the Lines /7 S
and T S ; which Difference, by reafon that L/
is very fmall in refpeét of T'S, {catce differ among
themfelves; fo that the Force which diminifhes
the Moon’s Gravity at /, is alfo reprefented by
Li.

Yet the Diffurbing Force is [omething greater at 1293
the Conjunition L, than at the Oppofition | ; for
fuppofing the Differences between the Roots
to be equal, the Squares, keepingthe Proportion,
will differ fo much the more, the lefs they are ;
and fo keeping the Proportion, the Forces differ
moreat L and Ty than at T and /7 which alfo are
lefs,* *1208

From this we conclude, that the Force which 1296
diminifbes the Gravity of the Moon in the Syzygies,
is double that which ewcreafesitinthe Quadratures
namely, as LI to AT. Wherefore in the Syzy-
gies, the Gravity of the Moon from the Action
of the Sun is diminifhed by a Part, which is to
the whole Gravity, @5 1 #0 89, 36 ; for in the
Quadratures, the Addition of Gravity is to the ,
Gravity, as T to 178,73.% 1291

In the Syzygies, the difurbing Force follows the 1297
{ame Proportion with half added to it; that is,
with the difturbing Force in the Quadratures* 1296
it is therefore direitly asthe Diftance of the Moon ,
[rom the Earth* aud inverfly as the Cube of the *uss
Diftance of the Earth from the Sun¥ 1289

At the Syzygies the Gravity of the Moox towards 1298
the Earth, receding from its Center, is more dimi-
nifbed, than according to the inverfe Ratio of the
Square of the Difiance from that Center; for it
would be diminifhed in that Ratio, if the Force
to be taken away followed the fame Ratio ; but
on the contrary, as it encreafes whenthe Diftance
becomes greater, ¥ the Diminution is. always *
greater than in that Ratio.

R4 Plate

1297
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1299  Plate XXV. Fig. 1.] Laitly, let the Moon be
at F, in any intermediate Place between the Sy-
zygy and Quadrature, it is drawn towards the
Sun along FS; by which fince it is lefs diftant
than the Earth T, it is attracted with more Force
than the Earth : Let the Force, with which the
Moon tends to the Sun, be to the Force, with
which the Earth is carried towards it, as F M to
T 8, which alfo before has been made ufe of to
exprefs the fame Gravity of the Earth. Draw
the Parallelogram F HMI, whofe Diagonal is
F M, and whofe Side F H is parallel and equal
to the Line TS. 'The Motion of the Moon to-
wards the Sun is refolved into two Motions, one
along FH, the other along F 1, and thefe Lines
denote the Forces whereby the Moon endeavours

¥192t0 move along them.* 'The Motion along FH is
common to the Moon and the Earth, which with
an equal Force, and in a Line parallel to it, does
alfo tend to the Sun: So that by this Motion
of the Moon, the Situation of it, in refped of
the Earth, will not be changed, and the difturb-
ing Force will be only the Motion along
158 ¢

By reafon of the immenfe Diftance of the Sun,

the Part MS of the Line MF is {fmall, in refpect

of the Whole, and the Angle FST, where it is

the greateft, as AST, is hardly more than the

6th Part of a Degree: Whence it follows, that

the Lines M 1 and SN are very near one ano-

ther, and that the Points I and N are fcarce fen-

. fibly diftant, and may without any fenfible Er-
'\ ror be confounded together ; which Error, not-
withftanding how little foever it need be re-

garded, in Confideration of one wholeR evolution,

is compenfated by a contrary Error when the

Moon is at E. 'Therefore the difturbing Force

is exprefled by F N. :

t
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It is to be obferved, when only the Part E F 1300

of the Line E S is confidered, that itis tobe look-
ed upon as parallel to the Line L /7, becaufe of
the fmall Angle which thefe Lines make. From
the Point N, draw N Q perpendicular to the
Line F T, continued if Need be, in which the
Moon gravitates towards the Earth; and. let
the Reétangular Parallelogram E P N Q be
drawn: Let us conceive the Force along F N re-
folved into two others, aéting in the Directions
F Q and F P, and reprefented by thefe Lines :*
By the Force along I'Q, the Force of Gravity is
diminifhed, in the Cafe reprefented by this Figure;
but it is encreafed when the Point Q falls be-
tween F and T; but by the Force along [P,
the Moon in its Orbit is drawn towards the next
Syzygy L, and the Motion of the Moon is acce-
lerated or rerarded, according as this Force con=
{pires with, or aéts contrary to the Moon’s Mo-
tion.

Near a Syzygy, the Gravity of the Moon is
diminithed, and the Line FQ, which follows the
Proportion of this Diminution, grows lefs, re-
ceding from the Syzygy till it vanifhes, at the Di-
ftance of about §4 Degr. 44 Min. fromit : Ata
greater Diftance of the Moon from the Syzygy,
Q falls in between F and T ; and the Gravity
of the Moon towards the Earth is encreafed
by the Sun’s Action. The Force along FP
vanifhes in the Syzygy L; receding from it, it
encreafes quite to the OCtant, which is the
middle Point between the Syzygy and the Qua-
drature ; and then it diminifhes again till it va-
nifhes quite at B.

Between B and Z, or / and A, the difturbing
Motions are determined in the fame Manner, as
in A L. B, the oppofite inferior Part of the Or-
bit ; at E and F, the Diminution of Gravity is

equal,

1301

193

1302
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equal, and in that Pofition it is drawn in the
Orbit with an equal Force towards the Syzygy I,
with that with which at F it is impelled towards
the Syzygy L.

1303 Hence it follows, that inthe Motion of the Moo
fromthe Syzygy to the Quadrature, berween L and
B, asal{o berween / and A ; 1ke Gravity of the
Moon towards the Farth is continnally encreafed,

X394 and the Moouis continnally vetarded in its Motion,
But iz the Motion from the Quadrature to the Sy=
zygys between Band/, as alfo between A and Ls
every Moment the Moow's Gravity is diminifbed, and
its Motion in its Orbit is accelerated,

You may determine the Forces upon which
thefe Effects depend, by comparing them with the
known Force, whereby Gravity isencreafed in the

"1t Quadracures,® and which is reprefented by the
Moon’s Diftance from the Center of the Earth.
1305 'The Lines M I, HF, S'T, are equal by Con-
firuion ; therefore when the Points Iand N are
confounded, MN is equal to § T, and MS is
equalto NT. TheLines MF and§ T reprefent
the Forces, whereby the Moon at F and the
Earth at T are carried towards the Sun § ; there-
fore they are as the Square of the Line T §
*i:08to the Square of the Line F $;* wherefore as
¥ G is the Difference of thofe Lines, F M and
T 8 differ from one another double the Line
?*G F,* and adding G F to the Line FM, the Dift
ference between G M and 'T' S, that is, M S will
be triple the Line FG; and therefore this js
alfo the Quantity of the Line N'T : Now as FE
1300is double F G ;* therefore N'T will be to F E as
Three to Two.

Let F T be continued, if Need be, and from
E draw EV perpendicular to it ; the Triangles
EVF and NQ T, which are reftangular, will
be fimilar, by reafon of the alternate Angles

VFE

*2a
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VFEand QTN :* Therefore NT isto F E,*1300
that is, Three is to Two, as NQ, equal to F P,

isto EV ; which therefore is proportional to two
third Parts of the Force, whichis expreffed by
FP; but EV is the Sine of the Angle ETV

at the Center, which is double the Angle E F V

at the Circumference, equal to the Angle F T L,
which is the Diftance of the Moon from the
Syzygy. Therefore, as the Radius T A, or'T E, 1306
is to a Sine and an balf of double the Diftance of

the Moon from the Syzygy, namely, F P, fo the
Addition of Gravity in the Quadratures (whichis
exprefled by the Radius T A) isto the Force which
accelerates or retards the Moon in its Orbit.

"The Computation of this Diminution of Gra-
vity, and of its Encreafe at a lefs Diftance from
the Quadratures, is deduced from the fame Prin-
ciples.

This Diminution is reprefented by the Line
F Q, which is equal to Q T, minus the Radius ;
but from the Confideration of the Triangles a-
bove-mentioned, V F taken once and an half is
equal to Q T ; therefore V T and an half, with
half the Radius added to it, expreflesthe required
Diminution of Gravity ; and zbe Radius is to the 1307
Sum or Difference of ouce and a bhalf the Co-fine of
double the Diftance of the Moon from the Syzyey
and balf the Radins : As the Addition of Gravity
in the Quadratures, to the Diminution or Encreafe
of Gravity in that Situation of the Moon, concersn-
ing which the Computation 1s made,

We make ufe of the Difference of the Co-
fine from half the Radius, when the Angle,
whofe the Co-fine is, is greater than a right An-
gle ; becaufe in that Cafe we make ufe of the
Co-fine of the Complement of the Angle to
two right Angles: When in this fame Cafe the
Co-fine and a half, which we make ufe of is

greater
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greater than half the Radius, the Quantity found
1s to be added ; that is, encreafes the Gravity,
which obtains every where between the Quadra-
ture, and 35 Degr. 16 Min. from ir.

1308 Thefe Forcesy, whatever is the Figure of the

1288,

Moor’s Orbity are exaltly determined ; for they
are compared with the Addition of Gravity in the
Quadratures, fuppofing the Moon in the Quadra-
ture to be at the fame Diftance from the Earth, at
which it really is in the Place which is confider-
ed; but this Addition is difcovered in every
Cafe.*
' Though it be foreign to the Purpofe of this
Vork, to give a Computation of the Moon’s
Motion, 1 thought it neceffary to explain in a
few Words, what is the Method whereby to
difcover the Forces that govern the Moon ; be-
caufe the more exaltly we know the Forces, the
more eafily we fhall conceive their general Ef-
fedt. .

Now to examine the Moon’s Motion, we
muft fingly confider irts feveral Irregularities ;
which to do without Confufion, we muft remove
feveral Irregularities, and conceive the Moon
as moving in a Circle about the Earth, in
which Curve it is plain, that it can be retain-

*211,ed by Gravity.* This Motion js difturbed by
1208 the Action of the Sun, and the Orbit is wore con=
1309 vex iu the Quadratures thau inthe Syzygies. 'The

Convexity of a Curve, which a Body defcribes
by a central Force, is fo much the greater, as
the central Force does more firongly every Mo-
- ment turn the Body out of the Way ; it isalfothe
greater, the more flowly the Body moves ; be-
caufe the central Force, alting the longer, has a
greater Effect in infleéting the Way of the Bo-
dy. From contrary Caufes the Convexity of the
Curve is diminifhed. Both concur in encreaﬁr;]g
the
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the Convexity of the Orbit in the Quadratures, * 71302

and diminithing it in the Syzgies.* 1304
From this it follows, that the circular Figure 1310

of the Moon’s Orbit is changed into an Oval,

whofe greater Axisgoes through the Quadratures ;

fo that the more convex Parts are in the Qua-

dratures. Whereforethe Moo is lefs dift ant from

the Earth at the Syzygies, and more at the Quadra-

tures, and it is no Wonder that the Moon comes

towards the Earth, when its Gravity is dimi-

nithed ; becaunfe the Accefs is not the immediate

Effect of this Diminution, but of the Inflexion of

the Orbit towards the Quadratures.

The Motion of the Moon, taking away the
Acétion of the Sun, is not in a Circle, but in an
Ellipfe, one of whofe Foci coincides. with the
Center of the Earth; * for the Orbit of the 967
Moon is Excentric, and it is retained in it by the %
Force of Gravity.

Therefore what has been demonftrated cannot
be exactly applied to the Moon’s Motion ; for as
the Forces, which generate the Deviations ex-
plained, do really act upon the Moon, the El-
lipfe, which the Moon would defcribe if the Sun
was taken away, is changed, aud ceteris paribus, 1311
the Propofitions of N°1309, 1310, mayle applied
20 the Moon’s Motion.

In the Quadratures and Syzygies, the difturbing 1312
Force a&ts in the fame Line as the Force of Gra-
vity towardsthe Earth ;* therefqrc the Force which * 1286
continually aéts upon the Moon, and retains jc "9
in its Orbit, is direfted towards the Center of e
the Earth, and the Moon deferibes Area’s by
Lines drawn to the Centery of the Eayrth propor-
tional to the Times. * *2g

Plate XXV. Fig. 1.] Inother Points of the Or- 1313
bit, as F, befides the Force which aéts in the
Line F T, there is alfo another, whofe Dire-

' ¢tion
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*€tion is perpendicular to F'T, * which is herere-
prefented by F P: The Direftion of the Force
compounded of both, is dire¢ted fometimes fide-
wife tothe Line F T, and does not tend to the

“190 Center of the Earth 5* wherefore #e Area’s, by

216

*i306
1307

Lines drawn to the Center of the Earth, are not ex-
attly proportional tothe Times* Inthe Ofants,
F T is thegreateft of all ; and the Force, which is
reprefented by that Line, is to the Gravity of the
Moon towards the Earth, in that Point, in the
Mean Diftances of the Sun and Moon, as 1 to
119,49.* ‘Wherefore the Direcion of the Force,
compounded of the Actions of the Sun and Earth
upon the Moon, makesan Angle of above half a
Degree with the Line F'T.

'The Motion of the Moon is fubjet to feveral
other Irregularities ; fo that it deﬂ':ribes a Curve
wholly irregular ; which Afronomers, in order
to fubjedt it to the moft exa& Computations

134 that can be made, do reduce to an Eilipfe which

*a41
1315

1316

theyconceive to be agitated by warious Motions, and
alfo to be changeable, left the Moon fhould go out
of it.

fIn refpect to central Forces we have obferved,
that a Body does not defcribe . Ellipfe, if the
central Force, by which it is retained in its Or-
bit, decreafes in any other Ratio than the Inverfe
Ratio of the Square of the Diftance; but thatthe
Curve may be often reduced to a moveable El-
lipfe : * Concerning which it is to be obferv-
ed, that zhe Eliipfe, inthat Motion, tarns about
one of its Foci, and the Motion of the Ellipfe is
divected she fame HWay as the Motion of the Body #n
it,whenthe central Force decreafes fafier than inthe
Inverfe Ratio of the Squareof the Diftance. But if
the central Force decreafes flower as you vecede from
the Center, the Ellipfe is carried the contvary Way ;
as thefe Things may be demonftrated Mathema-
tically. Hence
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Hence it follows, the Orbit of the Moon
cannot be referred to an Elliptic Orbit, unlefs
you {uppofe it agitated by four Motions every
Revolution ; that is, unlefs the Line of the Ap-
fides, which goes throughthe Center of the Earth,
goes forwards twice, and backwards twice.

The Apfides of the Moou go forward when the 1 317
Moon is in the Syzygies,® or rather whilft the *i515
Moon moves between the Points, which are 54 1298
Degr. 44 Min. diftant from them. *  Jnzbe Qua- *1307
dratures, and between the Points diftant from
them 35 Degr. 16 Min. The dpfides gobackwards, 1318
that is, move in Awurecedentia * *1216

The Forces, upon which rbe Progre(s and Re- 190
grefs of the Apfides depend, are the Forces which '*°7
difturb the Motion of the Moon, which have 1319
been before explained ; therefore, fince the difturb-
ing Force in the Syzygies, is double the difturb-
ing Force in the Quadratures ;* the Progrefs, *i206
confidering one entive Revolution of the Moon, ex-
ceeds the Regrefs, ceteris paribus.

In a Circle whofe Center is in the Center of
the Forces, the Diminution of the Force, in re-
ceding from the Center, produces no Effect ;
becaufe in fuch a'Line the Body does not re-
cede from the Center ; therefore the Effect of this
Diminution is fo much the greater, as the Curve
defcribed by the Body differs more from fuch a
Circle.

In an Elliptic Orbit, one of whofe Foci co-y32¢
incides with the Center of the Forces, the Cur-
vature in the Apfides differs moft of all from fuch
a Circle, and the Effet of the Diminution of the
Force, in receding from the Cemter of the Farces,
is the greateft of all. Ifthis Orbit is but a lirple 1321
Exceutric at the Ends of the leffer Axis, the El-
lipfe differs very little from the Circle above-men.
tioned, andibe Effeli of the Diminntion is theleap
of ail. T he
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1322 The Progre(s and Regre[s of the Apfides depend
upon the Proportion, according to which the

. Force of Gravity decreafes, receding from the

'315 Center of the Earth;* it is therefore the Effel? of
1316 rhe Diminution of the Central Force.

1323 Plate XXV. Fig. 2.] 'This Motion of the
Apfides, which we have explained, undergoes
{everal Changes; zbe Apfides go forward fafteft of
ali in a Revolution of the Moon, [uppofing the Line

*1317 of the Apfides in the Quadratures ; * and in that

:;;’; very Cafe, they go back the (loweft of ailinthe [ame
=318 Revolution, ® becaufe, by reafon of the fame Ex-
1321 centricity of the Moon, the Quadratures are but
1322yery little diftant from the Ends of the leffer
Axis of the Orbit.
1324 Suppofing the Line of the Apfides to be in the Qua-
1317 dratuves, the Apfides ave carried in Confequentia,
Ziﬁ the leaft of allin the Syzygies ;* but they return the
*13:8 fwifteft in the Quadratures ; * and in this Cafe,
1322 4y one entire Revolution of the Moon, the Regre(s
132 exceeds the Progrefs.

1325  Whilft the Earth is carried along in its Orbit,
the Line ofthe Apfides doesfucceffively go through
all Situations in refpect of the Sun ; wherefore,
confidering a great many Revolutions of the Moon

*1319 taken together, the Apfides go forwards;* and it is
plainfrom Obfervations, that in the Space of about
eight Years, the Line of the Apfides performs
one entire Revolution.

We have alfo faid that the Excentricity of the
Orbit is not conftant.

1326 The Excentricity of a Body is encreafed, if the
central Force, the Diminution being continued,
decreafes fafter than before, whilftthe Body iscar-
ried from the lower to the upper Apfis; for
then it is every Moment lefs attraced, than if
the Force did not decreafe; and therefore it re=
cedes the more, The Excentricity of the Orbit
is alfo thereby encreafed, in the fame Cafe, ti]n

the
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the Motion from the upper to the lower Apfis,
becaufe in this Cafe, coming towards the Center,
the Force encreafes fo much the fafter, as the
Body defcends more towards the Center ; fo
that in each Cafe, the Difference between the
greateft and leaft Diftance from the Center of
the Forces, may become greater, and the Ex-
centricity be thereby encreafed. By the fameciz27
Rcafoning it appears, that zbe Excentricity is di-
minifbed, when the Central Force is encreafed, in
the Motion of the Body from the lowerto the up-
per Apfis; and likewife when that Force is dimi-
nifhed in the Motion from the upper Apfis to che
lower ; that is, when 7t decreafes more flowly than
before, in the receding from the Center,

Applying this to the Moon’s Motion, it ap-1328
pears, that zbe Excentricity of the Orbit, cvery Re-
wolution, undergees wvarious Changes. That it i51329
the greateft of all, when the Line of the Apfides is
in the Syzygies ; becaufe the Forces in the Apfides,
being compared, do decreafe fafter than in an in-
verfe Ratio of the Square of the Diftance,* *r208
whence this Addition follows,® which prevails *1326
in this Pofition:* But the Orbit isthe leaff Ex-*13:0
centric of all, when the Line of the Apfides is in
the Quadratures, the Diminution of the Excentri-
city prevailing.* 1290

We have {aid that the Moon moves in a2 Plane 1327
inclined to the Plane of the Ecliptic ; that the 1321
Line of the Nodes is carried round in Axteceder-
tia;* and that the Inclination of the Orbit is =972
not conftant ;* thefe Effects are alfo deduced from *9¢9
the Action of the Sun upon the Moon.

By reafon of the fmall Inclination of the Moon’s
Orbit, the Forces which we bave hitherto con-
fidered acting in the Plane of the Ecliptic, notre-
garding the Inclination of the Orbit, may (with-
out any fenfible Error) be referred to the Plane

Vou IL 3 of
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of the Orbit ; and the Moon in it is fubjeé to the

1330 Motions before explained : But there is a Force
which removes the Moon from the Plane of the Or-

*13ts bt % {o that we muft conceive that Plane to be
agitated, otherwife the Moon would go out of
the Orbit,

1331 Plate XXV. Fig.1.] Let the Moon be at F
if we attend to what has been faid above con-

*1299 cerning the Actions of the Sun,* it isplain, that
the Plane of the Parallelogram FHM 1 goes
through the Line T' S, which joins the Centers of
the Earth and Sun ; and therefore it is in the
Plane of the Ecliptic ; fo that the Point N, to
which is dire¢ted the Porce FN, difturbing on
account of the Action of the Sun, is in that
Plane.

1332 Plate XXV, Fig.4.] Let the fame Force be
reprefented by F1; at F let F R be raifed per-
pendicular to the FPlane of the Orbit; and ima-
gine the Parallelogram FR 17, whofe Side Fi is
in the Plane of the Orbit, and whofe Diagonal
is F1; the difturbing Force along F 1is refolved
into two, in the Direétions F R and Fi which

*192 thefe Lines reprefent,® and of which this laft
aéts in the Plane of the Orbit : So that we muft
refer to this what relates to the difturbing Force,
of which we have treated in N°® 1299 ; for the
Lines F7 and F1 {carce differ, and the Plane of
the Parallelogram FR I/ is perpendicular to the
Flane of the Moon’s Orbit,

1333 ‘The Line F R muft be determined, which re-
prefents the Force that acts perpendicular to the
Plane of the Orbit, and removes the Moon
from that Plane: Now the Relation of the Line
FR or I7, to the Radius E'T, is the Ratio of
the difturbing Force, which is {poken of here,

%1276 to the Encreafe of Gravity in the Quadraturesl.*

n

1
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In the Cafe of this Figure, in which the Line 1334
of Nodes N # is in the Quadratures, we find out
FR ; becaufe I 'T (which is N T of Fig, 1.) is
given,* and becaufe 1T is to I7, orto F R, as *1325
the Radius to the Sine of the Inclination of the
Orbit. :

But in every Cafe the Force muft be determin-1335
ed which drives the Moon out of the Plane: let
us therefore fuppofe the Line of Nodes carried to
the Situation M 2, whereby, every thing elfe
remaining as before, 17 is changed. To M m
continued, if Need be, let 7 X and I X be drawn
perpendicular, which make an Angle equal to the
Inclination of the Plane of the Orbit.

The Ratio between E'T and 17 ; that is, #he 1336
Ratio between the Addition of Gravity in the Qna-
dratures, and the Force, which we feek, which re-
moves the Moon out of its Orbit, is compounded of
the Ratio’s of the Line ET to T i, of the Line
T1tolX, and laftly of the Line I X tol7. The
firft is the Ratio between the Radius and three
Times the Sine of the Diftance of the Moon from
the Quadrature ;* the fecond is the Ratio of the *1305
Radius to the Sine of the Angle I TX, that is,
of the Diftance of the Node from the Syzygy.
Laftly, the third is the Ratio of the Radius to
the Sine of the Inclination of the Orbit: And
the Ratio, compounded of thefe, 75 2 R atio of
the Cube of the Radius to three times the Produét
of the Siues of the Diftances of the Mooy from
the Quadrature, and of the Node from the Sy2987,
as alfo of the Inclination of the Plame. 'T'o this
Force is alfo to be referred N© 1308.

This Force vanifbes in the Ruadratures, becanfe 1337
the Point I coincides with the Point T, which
is the Center of the Earth, and the Line 1; va-
nifhes ; the Lines Fland F; concurring in the
Plane of the Orbit, which alfo follows from
the Computation above-mentioned ;* the Sine of *, 136

Vor. Il S 2 the
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the Diftance of the Moon from the Quadrature
vanifhing, and confequently, the whole Product
which is multiplied by that Sine.

1331 'That fame Produét vanifhes alfo, and with it
the Force which it reprefents, when the Sine of
the Diftance of the Node from the Syzygy wa=
nifbesy that is, (uppofing the Line of the Nodes in
the Syzygies : It is alfo deduced from this, that
the Line of Nodes N z (Plate XXV. Fig. 5.) con-
tinued goes through the Sun, wherefore the Sun
is in the Plane of the Orbit itfelf; and therefore
cannot draw the Moon but in that Plane.

1339 . The Force allo, which we examine, is increafed
as the Moonz advances towards the Syzygy, and as

1336 he Node recedes from it %

1340 Plate XXV. Fig 6.] Let P p be the Plane of
the Ecliptic, P A the Orbit of the Moon ; when
the Moon is come to A, that is, is receded a
little from the Node, it is remcved out of the
Plane of the Orbit, and in the {econd Moment
it is not carried along A B (the Continuation of
the Orbit P A) but along A & ; becaufe it comes
towards the Plane of the Ecliptic along B4 ;
therefore it ismoved as if it came from a more di-

1341ftant Node p. Whenceit appears, that #he Nodes
&o backward, whilf} the Moo mowves in its Orbit, as

! long as it recedes from the Node : The Nodes al-

, fo go back, whilft the Moon is going tothe op-

pofite Node ; becaufe as the Moon is continually
driven out of its Orbit towards the Plane of the
Ecliptic, it is continually directed to a Point lefs
diftant, and comes fooner to the Node, than if,
not being agitated by fuch a Motion, it had con-

; tinued in Motion with the fame Celerity.

| 1342 Coufidering owe entire Revolution of the Moon

! c@teris paribus, #he Nodes move in Antecedentia

#1339 [Wwiftef} of all, when the Moo is in the Syzygiesy®

. then flower and [Jower, till they are at Reft, when

$337 the Moon is in the Quadratures. Whilft
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Whillt the Earth is carried round the Sun
(even when we do not attend to the above-men-
tioned Motion of the Nodes) zhe Lize of Nodes 1343
does {ucceflively acquire all poflible Situations in
refpet of the Sun ; and every Tzar goes twice
through the Syzygies, andiwice thro’ theQuadratures,

If mow we confider feveral Revolutions of the 1344
Moon, the Nodes in one whole Revolution go back
very faft, the Nodes being in the Quadratures ;% 1339
then flower, till they come to veffy when the Line
of Nodes is in the Syzygies* *133¢

By the fame Force with which the Nodes are 1343
moved, 7be Inclination of the Orbitisalfo changed ;
it is fucreafed as the Moon recedes frum the Node 5
and diminifbed as it comes to the Node.

Plate XX V. Fig. 6.] For the Angle bpL is 1346
lefs than the Angle APL, and for the fame
Caufe it is continually diminifhed, and the Incli-
nation becomes greater ; but when the Moon js
come to the greateft Diftance from the Plane
of the Ecliptic, and is going towards the oppofite
Node, the Direétion of the Moon is continually
inflefted towards the Plane of the Ecliptic, and
lefs inclined to it than if it continued in Motion
in its Orbit : Let N p# be the Flane of the E-
cliptic; the Curve N# the Orbit of the Moon :
by the Force whereby the Moon is continually re-
moved out of it, the Way of the Moon is chang-
ed, and it goes in the Curve N p, which is
more inclined to Np# at N than at p; fo that
we muft conceive the Inclination of the Plane of
the Orbit to be twice changed ;* whilft the Moop «
moves from one Node to the other; therefore this
happens four times 7 each Revolution 0ftber_7lz’wfz, 1347
it is twice diminifbed, and twice again encrealed,

Plate XXV. Fig. 4.] Suppofing the Nodes N %5 1348
to be iz the Quadratures, the Forces which 77 one
Regolntionencreafe the Inclination, and diminjfh it,
are equal to one another; for by reafon of the

o 3 . equal




262 Lathematical Elesents Book 1V,

equal Diftance of each Node from the Syzygies,
the Forces that change the Inclination at N D
and # E are equal to the Forces in the correfpon-
| *11336dent Points in the Arcs D 7 and EN :* By the
former the Inclination is encreaied, by the latter
*1345 it is diminifhed ;* the Diminution of the Angle
of Inclination, -on account of the firlt, is reftored
by the Aétion of the fecond, and here it s noz

*1343 ¢hanged. Inthe Motionabove-mentioned* of the

Line of Nodes in refpeét to the Sun, which de-
pends upon the parallel Situation of this Line,
the Node N is carried to the Syzygy E. When
(for Ex.) the Line of Nodes is come to the Si-
tuation M =, the Moon in its Recefs from the
Nodes goes through the Quadratures N#, in
which the Force which changes the Inclination

*i337 vanifhes,* and near which it is the leaft of all :*

#, 3, but in coming towards the Nodes, the Moon is

every where diftant from the Quadratures, and

*1336a greater Force ads upon it ;* therefore con-

1340 fidering one entire Revolution, the Ln:crgafe of the

*,5.: Angle of Inclination exceeds its Diminution ;*

that is, that Angle is encreafed, orwhich isthe
{amne, the Inclination is diminifbed, which obtains
every where iu the Motion of the Nodes from the
Quadvatures to the Syzggies.

1350 M ben tiie Nodes are come to the Syzygies, the In-
| 1351 clination of the Plane of the Orlit is the leaft of all;
for in the Motion of the Nodes from the Syzygies to

the Quadratures, the Plane of the Orbit is conti-
nually more and more inclined ; for in that Cafe
as the Moon goes to the Node, it paffes through
the Quadratures ; in its Recefs from them the

Moon is diftant from the Quadratures, and 72

otre whole Revolntion of the Moon, the Force which
*1337encreafes the Inclination* exceeds that which
*1341 diminithes it ;¥ thercfore 1he Juclination is én-
Y352 creafed ; and itis the greateft of allwbhen the Nuodes

are in the Quadratures, where the Diminution l;)f

the
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the Angle made by the Plane of the Orbit with 3
the Plane of the Ecliptic is terminated.* 1349
Alithe Errors inthe Moow’s Motion, that we have 1353
explained, are fomething greater in the Coujunttion
than in the Oppofition.* F129%
All the difturbing Forces are determined by dif- 1354
covering their Relation Witl} Fhe Addition of
Gravity in the Quadratures ;* for which Rcafbn*{f(’
they ail undergo the fame Changes as that Ad- 377
dition does; that is, they are inverfly, as the
Cube of the Diftance of the Sun from the Earth% 129
which when it remains the fame, they are asthe .
Difiance of the Muoon from the Earth*  Confider- '***
ing all the diffurbing Forces together, the Diminu-1355
tion of Gravity prevails ;* which follows immedi- " 1296
ately from the Progrefs of the Apfides ; for it ap- 970
pears from thence, that confidering feveral Revolu- 335
tions together, the Effect of the Diminution of},“y
Gravity exceedsthe Effect of the Encreafe of it.* 5.8
Therefore the Motion of the Moosn being confider- 1356
edin general, the Gravity of the Moon towards the
Eart is diminifbed, coming nearthe Sun ;* there- 1355
fore when it is lefs attracted by the Earth, it re- 3%
cedesmore from it thanit would recede, if there was
no fuch Diminution of Gravity: 'Therefore in
that Cafe the Moon's Diftance is encreafed, as 1 357
allo the Periodical Time ;* and that Time 7s the *224
greateft, as alfothe Diftance of the Moon(citeris pari-
bus)thegreatefiywhenthe EarthisinthePeribelion® * 1354
becaufe then it is lealt diftant from the Sun.

C H A P. XVILIL
Concerning the Figured of the Planets.

F we confider the Figures of the FPlanets,
we fhall find that they have fuch Figures,
which follow from - thefe very Laws by which

S 4 the
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the Syftemis governed ; which is very agreeable
to that admirable Order which we obferve every
where, that no Forces a& upon the FPlancts to

1358 deftroy them ; thatis, that 2he Figure of a Piavet,

whether it be a Primary or Secopdary Plauet, fsjncb
as it wonld acquire, if it wholly confifted of Jluid
Aatter 5 which agrees with the Phaznomena,

1259 Whence it follows, that all the Primary and

 Secondary Plapets are Spherical 3 for they confift
of a Matter whofe Particles gravitate towardsone

*1z6another;* from which mutnal Attraction a Sphe-

1397 rical I]fjufe is generated in the {fame Manner, asa
Drop becomes round from another Sort of At-

=, traction of the Pares*

360 ThisSpherical Figure of the Planetsisnot changed
fxr:i’ beir Motion rouud the Suny or from the Mation
of the Secondary Planets about their Primary ones
becaufe all the Particles are carried by the j.hh
Mortion: But this Figure undergoes fome (h.u;ge
by the Motion round the Axis, and {fo much the
greater as this Motion is {wifter.

1361° Plgte XXV. Fig. 7] Let PP be the Axis

Off a P!mmf ; Be the Diameter of the 7Equator
perpendicular to the Axis ; let there be a Canal
PCE filled with a L iquid ; this Fluid will de-
fcend by its Gravity in loth Legs towards C,
and will not be at uﬂ, till the Preflure in both
Legs be equal. 1f the Planet be at reft, the

*i350 Height of the Fluid in both Legs will be equal e
but if the Planet be moved about its Axis Pp,
all the Liquid in the Leg C E will endeavour to
- Tecede from the Center by its centrifugal Force,*

;;;wfmn Force acts contrary to Gravity,* and
therefore diminithes the Gravity ; {o that there
1s no ZEquilibrium till C E exceeds CP. Now

if the Canal be taken away, the lateral Preflure
of the Fluid, of which the Planet confifts, does
not change the Gravity towards C, nor the Dif-
ference

vt
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ference between the Heights of the Columns CE,

C P ;* therefore the Planet is every where higher *:8°
in the Zquator than in the Poles, and acquires,

by its Motion round its Axis, the Figure of a 1362
Spheroid depreffed in its Poles ; for the Elevation .

is continually diminifhed as you go towards the
Pole, becaufe the centrifugal Force is diminifhed

by reafon of the Diminution of the Diftance
from the Axis.® e

If what has been demonftrated be compared
with the Phenomena, it will appear why all the
Bodies in our Syftem are fpherical ;* but that *924
this Figure is not exact, but a little changed by
their Motion round their Axis,* though this can- 136
not be obferved in moft of them, may be deduced
from Obfervations made upon Fupiter and the
Earth. Afpronomers have obferved that the Axis of 1363
Jupiter is fborter thau its Zquatorial Diameter ;
although this Planet be the greateft of all the Pla-
nets, it is moved the fwifteft about its Axis ;% *962
and therefore this Difference may be obferved,

The Elevation of the Earth ar the Fquator is 1364
determined by us, although perhaps to the Inhabi-
tants of the other Planets, if there are any, it
may not be more fenfible than the Elevations on
Mars and Feuus are to us, which are fo {mall that
we cannot perccive them. .

Suppofe the Earth to be fluid, it will acquire 1365
the aforefaid {pheroidical Figure:* If the Parts=,q,
cohere towards the Center, the Pofition of the
other Parts will not be changed thereby, nor will
it be changed, if in fome Flaces the Parts cobere
together quite to the Surface; fo thatthe Surface
of the Sea muft neceffarily acquire a {pheroidi-
cal Figure deprefled at the Poles. But fince
the Shores are every where but a little elevated
above the Surface of the Sea, it is certain that
the Continent acquires the fame Figure.

Now
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Now to meafure this Elevation, that is, how
much the Diameter of the HAquator of the Earth
is longer than the Axis, we muft confider its
Motion round its Axisin the Space of 23 Hours,

*960 §6 Min. 4 Sec.* and fuppofing the Earth homo-

geneous, the Computation will be made in the
following Manner.

The Periphery of the Earth is 128,202,185
Rhbynland Feet 5 therefore in one Second of Time,
a Point cf the ZEquator goes through 1488 Feet;
the verfed Sine of which Arcis 0,054, a Space
which could be gone through by a Body in fuch
a Time by the centrifugal Force.

By a Gravity, a Body, in one Second, as we
have thewn before, fallsthrough 15, 607 Rbyuland
Feet ; but thefe Experiments were made at the
Diftance of 48 Degr. fromthe Equator E ¢ (Plate
XXV. Fig. 7.) at the Point A, the centrifugal
Force at E is to the centrifugal Force at A, as
C Eto C A, for thefe Lines are very little dif-

*u3aferent at AB:* Let this centrifugal Force be

A b; having drawn the Perpendicular % # to
C A continued, let the Force through A 4 be re-
folved into two other Forces directed along A

*192and @ b ;* the Gravity is diminifhed only by the

former, and A % is to the Force diminifhing it,
as C A to A B, by reafon of the fimilar reétan-
gular Triangles Abz and A B C, which have
their oppofite vertical Angles equal at A ; there-
fore the centrifugal Force at the Fquator, with
which a Body in one Second goesthrough 0,054 ;
is to the Force which diminifhes the Gravity at
A, in a duplicate Proportion of the Radius AC
to A B, which is the Co-fine of the Latitude
A E of 48 Degr. So that from this diminithing
Forcethe Body inone Second goesthrough o,0243 ;
wherefore, if the Earth was at reft, in falling it
would not go through 15, 6oy Feet, but 13, 635};
with
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with which Gravitya Body falls under the Poles,
becaufe thefe Points are not moved. At the
Zquator, by the centrifugal Force, a Body goes
through o, 054. and falls asmuchin the fame Time
from the Height of 15, $%8 Feet ; whence it ap-
pears that the Gravity under the Poles is, to
the Gravity under the ZEquator, as 289 to
288.

If Fig.n. reprefentsthe Figure of the Earth,
the Weight of a Column of Liquid C E will be
to the Weight of a Column of Liquid C A, the
Earth being at reft, as 289 to 288 ; for otherwife,
the Earth moving, there will not be an Zquilibri-
#m ; becaufe zi5 of the Column C Eis {uftained by
the centrifugal Force ; for the centrifugal Force
decreafes as you come towards the Center, in the
Ratio of the Diftance, * in which Ratio alfo the =*,;,
Gravity decreafes ;* fo that in all the Points of
the Column, the fame Part of the Weight is fu-
ftained, as towards the Surface.

Whence we deduce, that zbe Height CP at the 1367
Pole is, to the Height BC at the Zquator, as 229
1o 230 ; for fuppofing this Ratio berween the
Axis and the Zquatorial Diameter, if 2 Com-
putation be made of the Gravities in the Flaces
P and E, the Earth being at reft, they are found
to be to one another, asr121, 7I.to 1120, %I;
which Ratio obtains every where in correfpon-
dent Points, that is, which are diftant from the
Center as CP to PE ; becaufe in both Legs
the Gravity decreafes in Proportion to the Di-

ance from the Center® You have the Weight * 1233
by multiplying the Quantity of Matter by the
Gravity ; for the Weight encreafes in a Ratio
of both: By multiplying 1121, 71. by 229, and
1120, 71. by 230. the Produdts are to one ano-
ther 2s 288 to 289 ; which is the Ratio of the
Weights before difcovered. 'The mean Diameter

of

1233
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"97¢0f the Earthis 3,400,669 Perches,* therefore the
Axis PP is 3,393,261, and the JEquatorial Di=
ameter E ¢ is 3,408,078 Perches, which exceeds

1368 the Axis by 14,817 Perches (viz.) =5, and the
A quator is more elevated by 7408, 5.

1369 In this Computation, as we have faid, we
have looked upon the Earth as homogeneous ;
but if it be more denfe towards the Center, the
Matrer which is added to it may be looked upon
as a feparate Body, from whofe Center the Points
P and E are unequally diftant, and rowards
which therefore the Bodies P and E have a dif-

1226 ferent Gravity;* and the Difference is fo much
the greater as thefe Differences are greater; and
it will be alfo fo much the greater in refpect of
the whole Gravity, as the Quantity of Matter
which is added, or which is the fame, as the
Denlfity is greater towards the Center.

It is plain that the Forces of Gravitv, at the
Poles and the Zquator, differ from one another
morethan =, Part, by comparing together Experi-
ments made at {everal Diftances from the ZFqua-
tor, by the Help of Pendulums, by which the
Forces of Gravity may be compared together,

*164 35 'we have fhewn;* and which Difference is traly

165 nearly double that which is found by Computa-

1370 tion ; whence it follows, that the Flevation of the
Zquator is nmearly double that which we bave de-

*1368 terinined to be 7408, § Perches.*

Now if. we confider the fpheroidical Figure

1371 of the Earth, we fhall fee that beavy Bodiesdo not
tend dire(tly to the Eartl’s Ceuter, unlefs at the
Poles and the Aquator, buz every where perpen-
dicularly to the Surface of the Spheroid ; for a
Liquid will not be at reft, unlefs its upper Surface
forms a right Angle with the Diretion of heavy

*372 Bodies; * and the Figure of a Spheroid is
formed by the Surface of a quiefcent Fluid. 1’]‘-;_6

alfo
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alfo deduce this Direction of heavy Bodies from1372

the centrifugal Force (Plate XXV, Fjg. 4.) The
Body A, by its Gravity, tends towards C, and
is carried by its centrifugal Force along ‘A 4 :
This Force at the Point A is to the Gravity along
AC, as 1 to 430, 8. having formed a Paral-
lelogram with the Sides A ¢ and AJ, {uppofing
thefe to one another, as 430, 8. to 1, the Diago-
nal will fhew the Direction of heavy Bodies,*
forming a fmall Angle with the Line AC. The
Force along A % encreafes as you go towards
the Aquator, whereby this Angle is encreafed,
but is diminifhed by the Encreafe of the Angle
CAb; fo that in the Equator, where the centri-
fugal Force is greateft, the Direétion of heavy
Bodies coincides with E C; at the Pole it coin-
cides with PC; becaufe there is no centrifugal
Force there.

In this fpheroidical Figure, the Latitude of the
Place is determined by an Augle, as A C E, which
is made with the Aquator, by a Line drawn from
the Place of the Center. Dividing this whole Arc
PAE, by this Method, into 9o Parts, that is,
into Degrees, it will eafily appear, that going
towards the Poles, the Degrees are encreafed oi the
Surface ; but this Difference is {fo very {mall,
that in meafuring Degrees that are not very di-
ftant, it cannot be difcovered ; becaufe the Fr-
ror, arifing from the Make and Ufe of the In-
ftruments, exceeds this Difference. Whence De-
grees meafured at the Southand North of Frauce,
as alfo in England, differ little from one another,
and the middle one is the leaft of all ; wherefore
nothing can be concluded concerning the Eart)’s
Figure from thefe Meafures,

CHAP

190

1373

1374

1375
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CHAP Xvu.
The Phyfical Explanation of the Motion of

the Axis of the Earth.

THAT the Nodes of the Moon go back,
*pa41 that is, are moved in Antecedentia,® and
that the Inclination of its Orbit is liable to
*1347 Change,* we have already demonftrated ; let
us conceive {everal Moons to be at the f{ime
Diftance, revolving in equal Times about the
Earth, in a Plane inclined to the Plane of the
Ecliptic; itis plain they will all be agitated by
the fame Motions : Let us conceive the Num-
ber of the Moons to be encreafed, fo as to touch
one another, and form a Ring, whofe Parts co-
here ; whilft one Part of the Ring is attrafed,
to encreafe the Inclination, the other Part is
1376agitated by a contrary Motion, to diminith its
"1345 Inclination ;* the greater Force in this Cafe pre-
1377 vails, that is, in the Motion of the Line of Nodes,
Jrom the Quadratures towardsthe Syzygies, the Inm
clination of the Ring is diminifbed in each of its
1349 Revolutions s* and it is the leafy of all, when the
“1350 Line of Nodes is intle Syzygies.* On the contrary,
its Inclinationis encreafed, whenthe Line of Nodes
is carried from the Syxygies towards the Quadra-
1251 turess* and it is the greatef of ally when the Lineof
1378 the Nodes is in thefe laft.* The Line of the
' 35* Nodes is continually carvied in Antecedentia, u7z-
',: 4; lefs when it is at reff in the Syzygies.*

1379 _If the Quantity of Matter inthe Ring be dimi-
nifbed, its Motions will not be changed; becaufe
they depend upon Gravity, which adts equally up-

*10a7 on every Particle of Matter. i
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If the Diameter of the Ring be diminifbed, thefe 1380
Motions are diminifhed in a Ratio of this Dj-
minution,* but none of them wholly vanifh ; and *r35¢
it is agitated by the [ame Motions.

Let us conceive the Earth to be {pherical ; and 1381
in the Plane of the ZEquator, which makes an
Angle of 23 Degr. 29 Min. with the Plane of
the Ecliptic, let there be a Ring, revolving in
the fame Time as the Earth ; let it be diminifhed
{o as to touch the Earth, and cohere with it;
by this the aforefaid Motion of the Ring will
not be deftroyed ; for fince the Earth is kept in
a determinate Situation by no Force, it yields to
the Impreffions of the Ring, whofe Agitations
are yet diminifhed, the Matter to be moved be-
ing encreafed, and the moving Power remaining
the fame,

And this is truly the Cafe, for the Figure of
the Earth is {pherical, encompaffed with a Ring
at the ZEquator, whereby the Earth is more ele-
vated towards the ZEquator,* the Line of Nodes *
of which Ring is the Seétion of the Planes of
the AEquator and Ecliptic. Whence we deduce
the following Conclufions.

In the ZEquinozes, the Inclination of the E-1382
quator is leaft of all ;* and therefore 2he Incli-*;;,,
nation of the Axis isthe preateft ; for it makesa
right Angle with the Plane of the Zquator.* *ioys
The Inclination of the ZEquator is encreafed; that
is, the Inuclination of the Axis is diminiflhed, till 1383
the Suncomes to the Solftices, wherethis Iuciination
of the Axis is leaft of all, and that of the ZAquator
the greateft.* 'Therefore twice in a Year the Iy- *1377
clination of the Axis of the Earthis diminifbed, and
twice encreafed. Andthe Seftionof the Playe ofthe 1384
Zquator with the Plane of the Eeliptic, which 7s 1385
ar veft in the Equinoxes, the veft of the Time is
wmoved iz Antecedentia,®

1370

*r378

The
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1386 'The Plane of the Zquator is enclined to the
. Plane of the Moon’ Orbit ; for it makes a {mall
9¢9 Angle with the Plane of the Ecliptic:* And
therefore the Moon aéts in the fame Manner up-
on the Ring as the Sun ; and although the Moon
be lefs, yet, becaufe it is much lefs diftant than
the Sun, it exerts a greater Action upon the Ring.
- 387 Wherefore alfo the Tnclination of the Axis of the
138 Barth to the Plane of the Moon’s Orbit* (and
confequently to the Plane of the Ecliptic) is twice
changed in every Revolution, andtwice reffored by
the Aétion of the Moon: And the Seltion of the
Plane of the Zquator,withthe Plane of the Moon’s
*1385 Orbit,® is carried in Antecedentia: From which
Motion neceflarily follows, that the Sefion of
the Plane of the ZEquator, with the Plane of the
Ecliptic, chapnges its Place.
1388  The Changes of the Inclination of the Axis aretoo
[mall to be obferved ; but the change of Place of the
1389 Line of the Equinoxes, and the Motion of the Axis
which follows from it, being always carried the
fame Way, at laft become [enfible ; and from thefe
'ifﬁ; follow the Ph@nomena before explained.*

CeHYA P "XTX.
Concerning the Tides.

TH AT we may explain the Tides from the
Principles already laid down, we muft con-
fider, that the Earth, as alfo all Bodies near it,
*1206 gravitate towards the Moon ;* therefore the
Particles of Water in the Earth’s Surface which
tend towards the Center of the Earth (for here
we negleét the Confideration of N° 1371.) are
carried with it towards the Moon. Since alfo
the folid Mafs of the Earth is carried towards
the Moon, according to the Laws, which would
obtain
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obtain, if all the Matter of which it confifts was
colleCted in its Center ;* what bas been demon-*1126
firated in Chap. 16. of the Aliion of the Sun upon

the Moon falling towards the Earth, whilt wich 1390
the Earth it goes towardstheSun, may be applicd

%0 the Aition of the Moou upon the Particles of
Water in the Earth’s Surface, which do not co-

here with the Mafs of the Earth, but tend to-
wards its Center, and continually with its Mafs

fall towards the Moon; by which Force, as we
have thewn,* the Earth is keptinits Orbit, about *1250
the commo:n Center of Gravity of the Farthand

the Moon.

Plate XXV. Fig. 1.7 Let 8 be the Moon ;1391
ALBL/the Surface of the Earth, whofe Mafs
tends towards the Moon, as if it was all colleét-
ed at T ; by the Action of the Moon, the Par-
ticles of Water, A and B, acquire a greater
Gravity towards T ;* on the contrary, the Parti- *1287
cles at L,J, lofe of their Gravity ;¥ whence we *12906
deduce, that if the whole Earth was covered with
Water, there would not be an Zquilibrinm, un-
lefs this Water was more elevated in the Points
L and /, than in a whole Circle go Degrees
diftant from thefe Points; and therefore paf-
fing through the Points A and B. Therefore &y 1392
the Attion of the Moon, the Water acquires a
[pheroidical Figure, formed by the Revolution of
an Oual about its greater Axis, which, being con=
tinued, goes through the Moon.

Let us {uppofe the Moon in the ZEquator ; all
the Seétions of the Earth which are parallel to
the Equator, as they are alfo parallel tothe Axis
of the Spheroid* are Oval, whofe greater Axes *;34,
pafs through the Meridian of the Moon ; whence
it follows, that the Earth being at Refy in any 1393
Circle of Latitudey, the Water is more glevated

Vou 1, T in
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inthe Meridian in which the Moon is, and in th®
oppofite Meridian, than in the intermediate Places.

DeErFINITION.

1304 'The Lunar Day is the Time [pent between the
Moon’s going from the Meridian and coming to it
again. ‘This Day is divided into 24 Lunar
Hours : It is §o Minutes longer than the Natu-
ral Day.

From the Motion of the Earth round its Axis,
every Lunar Day, every Place paffes through
the Meridian of the Moon and the oppofite Me-
ridian, that is, twice pafles through that Place,

1395 where the Water is raifed 2y the Aftion of the
Mpon, and twice through that Place, where the

*130; Water is difperfed by the {fame A&ion* ; and fo
in a Lunar Daythe Sea is twiceelevated, anditwice

| depreffed, in any affigned Place.

1396 By the Motion of the Earth round its Axis,
the elevated Water continually recedes from the
Meridian of the Moon ; yet by the Action of
the Moon, the Axis of the Spheroid pafies

*;3 92 through the Moon ;¥ therefore the Water is con-
tinually agitated, that the Elevation, which (on
Account of the Motion of the Earth) is remov-
ed, may be brought under the Moon, There-
fore the Water continually flows from A and B
(Plate XXV. Fig. 1.) towards L and 7, whilft,
by the Motion of the Earth, the Elevation is
carried from L towards B, and from 7/ to-
wards A ; that is, between L and B, as alfo
between / and A, there are two contrary Mo-
tions, by which the Water is accumulated ; fo
that the greateft Elevations are between thefe
Points (viz.) not dire@tly under the Moon, but

on one Side of that Point, and likewife afide of
1397 the oppofite Point, 'That is, in any Place, tb¢ .

Water moff elevateds two or three Hours after the
Mooz
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Moo bas paffed the Meridian of the Place, or the
oppofite Meridian.

T he Elevation towards the Moon a little exceeds 1398
the oppofite one® The Afcent of tbe Water isdimi- 1390
unifbed, as you go towards the Poles, becanfe there '*%°
is mo Agitation of the Water there.

What has been demonftrated, in relation to 1399
the Moon, may be applied to the Sun ;. therefore 1400
from the Aition of the Sun, every natural Day, the 1401
Sea is twice elevated, and twice depreffed ™. This “1395
Agitation is much lefs, on account of the immenfe
Diftance of the Sun, than that which depends up-
on the Moow ; yet it is [nbjed¥ totie fame Laws, 1402

"The Motions, which depend upon the Actions of 1403
the Mooz and Sun, arenot diftinguifhed, but con-
founded; and from the Aétion of the Sun, zbe
Lunar Tide is only changed ; which Change varies
every Day, by reafon of the Inequality between 1404
the Natural and Lunar Day*. *1394

Iizthe Syzygies, the Elevation, from the Actions 1405
of both Luminaries, concur, and the Sea is miore
slevated ; the Seaafcends lefs in the Quadratures ;
for where the Water is elevated by the Action
of the Moon, it is difperfed by the Action of the
Sun, and {o on the contrary. 'Therefore, whilff 1406
the Moon paffes from the Syzygy 1o the Quadrature,
the daily Elevations are comtinually diminifbed:

On the contrary, they are encreafed wheu the Moor
moves the Quadratuie to the Syzygy. At a New 1407
Moon alfo, cateris paribus, the Elevations.are
greater, and thofe that jollow one another the fame x 445
Day, are more differeint than at a Full-Moon*® 1403

The greateft and leaft Elevations are not obferved, 1408
till the [econd or third Day after the New or Fyll
Moon ; becaufe the Motion acquired is not prefent-
ly deitroyed from the Attrition, and other
Caufes, by which acquired Motion the Afcent of
the Water is encreafcd.  Although the Adtion by

¥Mor. 11 T2 which
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which the Sea is raifed be diminifthed ; fomewhat
, __ like to what we have demonftrated elfewhere con-
174 cerning Heat™,

1409  If now we confider the Luminaries receding
from the Plane of the ZEquator, we fhall per-
ceive that the Agitation is diminifhed, and becomes
lefs, according as the Declination of the Lumina-
rvies becomes greater. 'Which plainly appears, if
we conceive them to be in the Poles ; for then
the Axis of the fpheroidical Figure coincides
with the Adtion of the Earth ; and allthe Seéti-
ons that are parallel to the ZEquator, are per-
pendicular to the Axis of the Spheroid ; and
therefore circular. 8o that the Water, in every
Circle of Laritude, will have every where the
{ame Llevation ; and fo in the Motion of the
Earth, the Height of the Sea is not changed in
particular Places. If the Luminaries recede
from the Poles, itis eafy to find, that the Agita-
tion will be more and more encreafed, till it be
the greateft of all, the Spheroid revolving about
i Line perpendicular to the Axis, the Axis of
the Spheroid being fuppofed in the Plane of the

~  JEquatoy. _

1410 Hence it is plain, why i» the Syzygies, nearthe
A quinoxes, the Tides ave obferved to be the great-
¢ft, both Luminaries being inor near the ZEquator.

| 1411 The Altionsof the Mooun and Sun aregreater, the

: = i354 le[s thofe Bodies are diftant from the Earth® ; but

*1390 when the Diftance of the Sun is lefs, and it is
in the South Signs, often both the greateft ZAqui-
noctial Tides are obferved in that Situation of
the Sun ; that is, before the Vernal, and after
the Autumnal ZEquinox, which yet does not
happen every Year; becaufe fome Variationmay
arife from rthe Situation of the Moon’s Orbit,
and the Diftance of the Syzygy from the Zqui-
1ox.,

276

Plate




Book IV. of Natural Philofophy. 297

Plate XXV. Fig. 8.) In Places difiant from the 1412
Zquatory asthe Luminaries recede fromtbhe Zqud-
tor, the Elevations, that bappen the fame Day, are
unequal. I.et PP be the Axis of the Earth, EE
the Aquator, L/ a Circle of Latitude; A B the
Axis of the fpheroidical Figure which the Water
forms: When a Place in the Circle L/ is given
at L or /, it is given in the fame Meridian with
the Axis of the Spheroid, and the Water is moft
elevated, in both Cafes; yet at L it is more
elevated than at /; for Cl exceeds C/Z, which
Lines meafure the Heights of the Waters, that
is, the Diftances from the Center : Thefe Lines
would be equal if A L and B/ (which are the
Diftances from the Axis of the Spheroid) were
equal. But C/is lefs, becaufe B/ exceeds AL,
which arifes from the Inclination of the Axis of
the Spheroid to the ZEquator.

As loug as the Moon is on the fame Side of the 1413
Zquator in any Place, that is, towards the Line
C A continued, 7he Flevation of the M ater is ob- 1414
ferved to be greateft every Day, after the Moon bas
paffed the Meridian of the Place ; forthere is the
greateft Elevation when the Place is come to L ;
but if 2be Zquator {eparates, or is ketween the
Meon and the Place, of which we {peak, that is, if
the Moon be towards the Line CB continued,
the Water again at L will come to the greateft
Height, and, every Day, the greai¢f Elevation of
the Sea will be, after the Moon bas paffed through
the oppofite Meridian.

All Things, which have been hitherto ex-
plained, would exaétly obtain, if the whole Sur-
face of the Earth was covered with Sea ; but
fince the Sea is mot every where, fome Changes
arife from thence, not indeed in the open Sea ;
becaufe the Ocean is extended enough to be
{ubjeét to the Motions we have fpoken of. But

gl the
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x4.xgthe Situation of the Shores, the Streights, and many

other Things depending upo the particular Situation
of the Places, diffurbthefe general Rules. Yet it is
plain from the moft general Obfervations, that the
Tide follows the Laws which we have explained.
What remains is, to determine the Forces with
which the Sun and Moon aé upon the Sea, that
it may appear, that they are able to produce the
Effeéts which we have mentiored ; and that the
Actions of thofe Bodies, upon Pendulums and
other Bodies, are infenfible.

The Encreafe or Addition to the Gravity of
the Moon in the Quadratutes, from the Aétion
of the Sun, is to the Gravity of the Moon to-

*1291 wards the Earth, as 1 to 178, 73*. In which

Computation we have fuppofed the mean Di-
ftance of the Moon from the Center of the

*1285 Barth to be 6o Semidiameters of the Earth*® :

Therefore the Gravity of the Moon is to the
Gravity of the Earth’s Surfice, as 1 to 60% 6o

*1208 =3600%, 'Therefore the above-mentioned En-

creafe is to the Gravity on the Earth’s Surface, as
I to 643428, in which Computation there is an
Error to be correéted.

This Computation would be exaét, if the En-
creafe, of which we fpeak, was to the Force,
with which the Earth defcends towards the Sun,
as the Diftance of the Moon (which is 6o Se-
midiameters of the Earth) to the Diftance of

*1287 the Earth from the Sun* ; but it is as the true

mean Diftance of the Moon, which is 60% Semi-
diameters of the Earth to the Diftance of the
Earth from the Sun. Wherefore the Encreafe,
that we have juft determined, ought to be 1.
Part encreafed, and will be to the Force of Gra-
vity on the Earth’s Surface, as I 7i5 to 643428,

oras I to 638110, 4.
This Encreafe of the Gravity of the Moon,
in the Quadratures from the Adion of the Sun,
I 1§
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is to the Encreafe of the Gravity of the Water
on the Earth’s Surface, in Places which are 9o
Degr. diftant from the Sun (from the f{ame
Aétion of the Sun) as 60% to 1%, Therefore this*12%8
Encreafe of the Gravity is to the Gravity of the
Water, as 1 to 38605679. The Diminution of
the Gravity, under the Sun, and in the oppofite
Place, is double this Encreafe * ; therefore it is to *129¢
the Gravity as 1 to 1930 839, and tke whole?417
Change in the Gravity, arifing from the Aftion of
the Suny is to the Gravity itfelf, as1to12868560.

In order to compare the Action of the Moon 1418
with the Aétion of the Sun, we muft make Ex-
periments in Places, in which, by reafon of the
Narrownefs, the Sea is fenfibly raifed. Near
Briftol at the Autumn and Spring, at which
‘Times the Agitation of the Sea is greateft*, the *1.10
Water afcends in the Syzygies about 45 Feet,
more or lefs, in the Quadratures about 2 Feet,
more or lefs. Which Numbers are to one ano-
ther as 9 to 4.

The Determination of the Forces, which we
would find, if the greateft and leaft Elevations
were exactly at the Time of the Syzygies, would
be very ealy, which we have fhewn before not
to happen fo*, *1408

The Diftance of the Moon from the Syzygy,
or the Quadrature, is not always the fame in the
greateft or leaft Elevation ; for this Diftance varies,
becaufe the Moon is fometimes more, and fome-
times lefs diftant from the Meridian, when it
goes through the Syzygy or Quadrature. The
mean Diftance of the Moon from the Syzygy,
or Quadrature, to which the aforefaid Ob-
fervations ought to be referred, is about 18
Degr. 30 Min. {o that the whole A&ion of the
Sun neither confpires with the A&ion of the
Moon in the Syzygies, nor acts contrary to it
in the Quadratures. Alfo in fuch 2 Cafe, if at

T & the
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the Syzygy, both the Luminaries be in the -
quator, in the {aid Diftance from the Quadrature,
the Declination of the Moon is 22 Degr. 13 Min,
_ more or lefs; whereby the Force of the Moon to
i 1429 move the Seaisdiminithed*. Befides, cateris pa-
I ribus, the Diftance of the Moon from the Earth
’ *1310at the Syzygies is lefs than at the Quadratures ;%
131" whence alfo the Acion of the Moon is diminifh-
*1z11 ed at the Quadratureés:* By attendingtoall which
‘ Things we may difcover, that tbe mean Force of
‘ ’ 1419 the Sun, to move the Sea, is to themean Force of the
Moo to move the (ame, as 1 to 454815, But the
il Force of the Sun is to the Force of Gravity, as
‘ *1417 ¥ to 12868560 ;* wherefore tbe Force of the Moon
is to the fame Furce of Gravity asx 10 2891485,
| 1420 From whence it follows, that thefe Forces of the
r Moon and Sun are too fmali to be fenfible in
Pendulums and other Experiments ; but it is cafily
proved, that they are capable of agitating the

Sea.

By diminithing the Gravity =iv Part, the Sea
| 1368 is raifed to the Height of 88902 Rbynland Feet*,
| 1417 For each Perch contains 12 Feet; whence, by the
| 1421 Rule of Proportion*, we find that the Aétion of
1422 the Sun changes the Height of the Sea two Feer,
*v419 and that the Aftion of the Moon changes it 8, 035 ;%

and that from the joined A¥ion of both, the mean
; dgitation is of about eleven Feet, whichagrees prete
i 1423ty well with Obfervations ; for inthe open Ocean,
: as the Sea is more or lefs open, the Water is
raifed to the Height of Six, Nine, Twelve, or
Fifteen Feet ; in which Elevations alfo there
is a Difference arifing from the Depth of the
Waters. But thofe Elevations, which far exceed
thefe, happen, where the Sea wiolently enters into
1424 Streights or Quiphs 5 where the Forceis not broken,
174} the Warer vifes bigher,

CHAP.
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CHAP XX
OF the Moow's Denfity and Figure.

HE Forces of the Sun and Moon, for

giving Motion to the Sea, are to one ano-

ther, in a Ratio compounded of the Ratio of the

uantities of Matter in thefe Bodies* (for allthe

Particles of Matter act) and the inverfe Ratio of

the Cubes of the Diftances of the Sun and Moon
from the Earth*

The Quantities of Matter are in a Ratio com-
pounded of the Ratio of the Bulks, that is, of
the Cubes of the Diameters, and the Ratio of
the Denfities;* wherefore the Forces above-
mentioned are direétly as the Denlities and the
Cubes of the Diameters, and inverfly as the
Cubes of the Diftances.

The apparent Diameters of Bodies, that is,
the Angles under which they are feen, encreafe
as the Diameters themfelves, and diminifh as the
Diftances ; that is, they are directly as the Dia-
meters, and inverfly as the Diftances ; therefore
the Ratio compounded of the Ratio’s of the
Cubes of the apparent Diameters of the Sun and
Moo, and of the Ratio of the Denfities, will be
the Ratio of the Forces, whereby thofe Bodies a&t
upon the Sea, ‘Therefore the Denfities of thofe
Bodies are direltly as the Forces, wherehy they
move the Sea, and inverfly as the Cubes of their
apparent Diameters ; and dividing the Forces by
the Cubes of thofe Diameters, you have the Ra-
tio of the Denfities.

The
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The Force of the Sun is to the Force of the
“1419 Moon, as 4 to 4, 4815;* the mean apparent
Diameter of the Sun is 32 Min. 12 Sec. and the
mean apparent Diameter of the Moon is 31 Min.
16 Sec. That is, they are to one another, as
14273864 to 3753. Therefore the Denfity of the Sun
is to the Moor’s Denfity, as 1oooo to 48911 : which
Denfity of the Moon may be compared with the
*1260 Denfities of Fupiter, Saturn, and the Earth*, and
the Moon is denfer than the Earth.
The Quantities of Matter in two Bodies are
to one another, in a Ratio compounded of the
*79 Denfities and Bulks;* that is, if the Body be a
Sphere, in a Ratio compounded of the Denfities
and the Cubes of the Diameters.
1428  Tbe Deufites of the Moon and Earth are to one
*1427 anothery as 48911 to 39214%; the Diameters
1260 as 11 to 40, 2. therefore the Quantities of Matter,
inthofe Bodies, are as 1 70 39, 13. Though the
Denfities be difcovered, if you fuppofe the Bodies
to be homogeneous ; yet the Quantities of Matter
will be rightly defined, though the Bodies are not
homogeneous ; for we determine the Denfity which
that Body would have, if the Matter, of which
the Body really confifts, was equally diffufed all
over it.
1420 Tbe Gravities, on the Surfacesof the Earth and
Moo, are determined, by multiplying the Denfi-
Fr23oties by the Diameters®, that is, they are to one
another, as 2, 93 to 1, or as 4017,8 0 139, 2,
Which Number alfo does exprefs the Relation of
Gravity on the Surface of the Moon, with the
Gravity on the Surfaces of the Sun, Fupirer and
* 58 Saturn®
1430  The common Center of Gravity of the Moon and
Earth, about which both Bodies are moved, is
determined ; for its Diftance from the Center of

the
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the Earth, is to the Diftance between the Centers
of both Bodies, as the Quantity of Matter inthe
Moon to the Quantity of Matter in both Bo-
dies ;* therefore 40, 13. isto 1: as the Diftance 234
of the Moon from the Earth, is to the required ***
Diftance of the Center of Gravity, from tbe Center
of the Earth, which is found to be of 5126950
Perches, as is deduced from the known Diame-
ter of the Earth*, and the Diftance of the =g.¢
Moon.

To determine the Figure of the Moon, we 1431
muft examine what Figure it would have, if it
was fluid®. If we confider the Moon alone at ™1358
reft, it would be {pherical :* If we confider the *13o
Acétion of the Earth upon the Moon, the Moon
would acquire the Figure of a Spheroid, whofe
Axis would go through the Earth*. The Force "139*
of the Earth, for changing the Figure of the
Moon, is to the Force of the Moon upon the ,
Earth, as 39, 13. to 1.¥ and as the Diameter of f:;;
the Moon to the Earth’s Diameter,* which are *:3g0
to one another as II to 40, 2. and it is a Ratio 1354
compounded of thefe 10 7. to 1. This Force
of the Moon is to the Gravity upon the Earth’s
Surface, as ¥ to 2871485 ;¥ which Gravity, on *1420
the Earth’s Surface, is to the Gravity on the
Surface of the Moon, as 407, 8, to 139, 2.% or *1429
as 2871485, to 980028 : Wherefore the Aétion of
the Earth, for changing the Moon’s Figure,is to the
Gravity upon the Moow’s Surface, as 10, 7. to 1432
980028, or 45 1 70 91524, the Gravity being
changed on the Earth’s Surface, by zs7iss7 Part
the Warer is raifed 8, 95 Feet;* and therefore if *1420
Gravity was to be changed 55 Part, the Eleva- 422
tioned wonld ke of 280, 7 Feet, asitis foundbythe -
Ruleof Three. If, keeping this Diminution of
Gravity, we confider a lefs Body, this Height

muft
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muft be diminifhed, in Proportion tothe Diameter ;
Therefore, from the Action of the Earth, the Ele-
vation of the Moon isof 76, 8 Feet ; and if the

1433 Moon be homogeneous, there will not be an J qui-
dibrium, unlefs the Axis of the Spheroid exceeds the
Diameter, which is perpendicular to it, 153, 6o
Feet.

3434 The Elevation of the Moon, from the Aion of
the Earth, may be difcovered by one fingle Pro-
Fortion, by knowing the Elevation of the Sea

rom the Moon’s Action ; forthefe Elevations are
#11 a duplicate inverfe Ratio of the Gravities on the
Surfaces of thofe Bodies.

1435 If, fuppofing thisto bethe Figure of the Moon,
we conceive the Parts to cohere, there will not be an
Aguilibrinm between the Parts of the Moon, un-
Jefs the Axisof the Spheroid be directed towards
the Earth ; whence we {ee the Reafon, why ze
Moon always turns the [ame Face towards the
Earth ; by which continual Agitation, the Moon

1436 has at leaft acquired the Motion about its Axis of

*970 which we have before {poken ;¥ which Motion

seormuft meceffarily be performed in the fame Time, as
the Moou performs one Revolution ; for from the
Acion above-mentioned, itmuft neceffarily adapt
itfelf to fucha Celerity ; for if the Celerity was
greater, it would be continually retarded by the
Force, whereby the fame Face is always directed
towards the Earth; and, if this Celerity was
lefs, it would be continually accelerated. Yet
this Force is not great enough, fenfibly to di-
fturb the Zquibility of the Motion acquired a-
1437bout the Axis, every Revolution : Therefore
the Motion about the Axisisequableythoughthe Moon

*966,be moved in its Orbit by an wuequal Motion*. The
Pofition alfo of the Moon's Axis cannot be fo
changed by the Force abovesmentioned, as to

become
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become perpendicular to the Plane of the
Orbit, when its Inclination is changed;* there- 71345
fore the Axis of the Moon is fometimes inclined 1438

to the Plane of the Orbit, as we have before
{hewn™*. Fiogs

The End of the Fourth Book.
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Comparifon of the Times in which Veffels become empty,
p- 189. n 3%9. and fol.

Solids immerfed in Fluids, p. 147. #. 290. and fol.

——beavier, p. 148. n. 292. p. 149. n. 296. and fol.

——lighter, p. 154 n. 306 and fol.

Fluidity, from whence it arifes (1) p 133 n. 269.

- —— whether it depends upon Heat ¢ (2.)p.20.0.603.

Full Moon (2.) p. 175. # 1043.

Focus (2) p 40.#n. 650.

Fountain of Hero (1.) p. 237. n. 474

from the Compreffion of the dir, p. 231.

n. 459
Two little Fountains, p 230. 1. 457. p. 230. #. 458.

4 Fourth (1) p. 255. #. 529.
G

Glals appears lucid by Artrition (2.) p. 3. n. 353. p. 5.
n. 557.

Burning Glaffes (2.) p. 56. n. n03.

Gravity (1.) p. 25. #. 3. (2.) p. 296. 7. 1206. and fol.

The Pbenomena of Qravity (1.) p.25. n. 72. p. 25.
7. 755 77

Refpective Gravity (1) p. 149. 7. 293.

Specific Gravity (1.) p. 146. 7. 287.

Gravity umiver(al (2.) p. 206. n. 1206.

The Laws of Gravity, #bid. n. 1207, 1208.

Gravity 75 proved, p. 207. n. 1211. and fol.

Propofitions relating to Gravity, p. 213. #.1226. and fol.

Gravity mot to be aforibed to any Impreffion known to us,
p- 316. n. 1238,

Gravity upon the Surfaces of Plawets, p. 231.n. 1258,

Uz Hard
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Hard Bodies (1.) p. 11. 2. 28.
Heat (2.) p. 14. 2. 579, $80, 584.
Heat is not i Proportion to the Fire, pP.-15. n. 588,
Heat makes Bodies emit Light or [bine, p. 16. n. 5901,
dilates Bodres, p, 18. n, 506, 597.
~———inclis [one Bodies, p. 20, n. 6oz,
——gives Llafiicity to fome Bodies, ibid. #n. 6os.
——What Sorts of Bodies grow fooneft warm, p. 145.
n. goB.
eavens—wbhatthey ave (2.) p. 161. n. 986.
—~—wdy blue, p. 162. n. 984.
Heavy Bodiesdo not tend towards the Center of the Earth,
(2.) p. 368. n. 1371,
Heterogeneous Body (1.) p. 146. n. 286.
Heterogenecous Rays (2.) p. 109. n. 85o.
Homogeneous Body (1.) p. 146. n. 285.
Homogeneous Rays (2.) p. 108, n. 849.
Horizon (2.) p. 185. n.1096.
I

Glafs Tmages going up and down in Water (1.) p 237.
n. 462.

Inclined Plame (1.) p. 56. n. 139.

The Inertia of @ Body (1.) p. §. n. 12.

Ivis or Rainbow, when produced(2.) p. 134 n.884,885,

Two frequently appear at a Time, p. 136. n. 886.

Explanation of the Motion of Light in forming a Rain-
tow, p.127. n. 875.and fol.

Judgment concerning the Diftance aud Maguitude of Ob-
je&ts. See Light,

———coucerningthe Magnitude of the Sun and Moo, uear
the IHorizon (2.) p. 67. 1.735.

Jupiter (2.) p.156. 7., 962,

its Weight, p. 231. n. 1255,

Gravity on its Surface, p. ibid. n, 1258.

~—— its Denfity, p. ibid, n. 1260.

=~ its Force aiting on Saturn, p. 236, n, 1270

~——— oz Mars, p. 238. n. 1273.

S 715 FI5UrCs PuOs 235, D 1363

De-
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E
Defeription and Ule of the magic Lantern (2.) p. 99.
#. 837. and fol.
Peifettion of a magic Lantern (2.) p. 102. 7 $39.
Latitude of an beavenly Body (2.) p. 166. n, 1006.
of @ Place, p. 189. n.1118,
Circle of Latitude, p, ibid. #.1110.
Law of Nature (1.) p. 2. n. 4,
How the Laws of Nature are difcovered, ibid,
Giafs Lens (2.) p. §3. #. 692.
The Properties of Lenfes (2.) p. 54. n. 966,
Convex Lenfes, p. 55. #.698. and fol,
Concave Lenfes, p. §7. #. 704. and fol,
Multiplying Len{es, p. 73. #. %759.
Lever (1.) p. 35. ». 103, 104.
—~———its Properties, p. 35. n. 105, and fol.
Light (2.) p- 14. 7. 581, and fol.
Bodies receive Light from Heat. See Heat,
A Ray of Light. See Ray.
The Motion of Light (2.) p. 16. 2. 589, 590,
The Celerity of Light én different Mediums, p.3n. n. 640.
Infleition of Light, p.24. #. 611.and fol.
——— its Refraftion. See Refraition.
——its Reflection. See Reflettion.
Bodies liquefied. See Heat,
Longitude of an beavenly Body (2.) p.166. n. 1003, 1004,
Longitude of @ Placey, p. 18g. n. 1121.
M

Simple Machines (1.) p. 35. », 103. p.38. 2. 112,
2. 40. 7. 115. P. 44 #. 119. P 45. #. 121.

Compeund Machines, p. 4%7. 1, 122, and fol.

A Machine by which the Properties of the Wedge are
demonfirated (1.) P. 44. n. 120, A

A Machine ro determine the Acceleration of falling Bo=
digsy p. §3. n. 132,

A Machine zo demonfirate the Propevties of an inchined
Plane (1.) p. 57. n. 143.

U 3 A Machine
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AMachine for making Experinients concerning Percuffion,
p. 68.n. 170.

——for making Experiments concerning componnd Mo-
tion, and oblique Percyffion, p. 86. n. 191.

———for oblique Powers, p. 92.1. 19%. p. 95. N. 203,
204.

—_— 4;)1‘ the Projeition of beavy Bodies (1.) p 100.
n. 210.

w—to fhew the Central Forces, p. 105. 0. 222.

——for waking Experiments concerniug Elaflicity,
P 122. N, 249 '

—t0 fucw the Preffure of Fluids, p. 139. n. 281.
p- 142. n. 282. p. 144. n. 283.

~—— 10 find out the Denfity of Fluids, p, 156. n. 313,
p 158. n. 314

w10 compare the Denfities of Sojids, p. 159. n. 317,

nd 318

w710 inike Experiments coucerning tbe Refiffance of
Flvids, p. 170.n. 346.

——1to make Lxperiments concerning Fiuids (pouting
outs p. 175. n. 356. p.182. n. 370.

———t0 wneafire the Celerity of a Rivery p. 198. n. 398.

—— 0 let Bodies down iuto the Air Pump, when the
Receiver is void of Air, p. 26. n. 77

=t whirl Bodies round in a Vacuum (2.) p. 8.
n 567

- to make Experiments in condenfed div (1.)p- 228,
n. 454

——ufed by Divers, p. 231.n. 461.

Various Machines, the Effest of which depends npon the
Aition of the Air (1.) p. 223. n. 467. and fol.

— to whirl round a Glafs Globe (2.} p- 4- n. §56.

——10 (hew the Iuflettion of Light, p. 24.n. 6I1.

w0 fbew the Refrallion of Light, p. 29. n. 630.
p- 38. in the Begtuning, p 49. p. $5. n. 702, p. §8.
1, 708, ‘

dppm?cm; Magnitude. See fudgment and Sight.

Mars
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Mars (2) p. 155 7. 961.

The ceeleffial Matter very [ubtile (2.) p. 221. n. 1243.

————— it does not move Bodiess p. 222. n, 1244.

The Quantitiesof Matterin Planets(2.) p 231.n.1255.

The Medium of Light (1) p. 7. n. 15,

Mercury fhines in a Vacnum (2.) p. 11, n. 571, and fol.

Tbe Planet Mercury (2.) p. 155. 7. 958.

Meridians (2,) p. 181. m. 1077, p. 188, 7. 1114,
1116.

Firft Meridian, p. 189. #. 1120.

Meridian Lize (2) p 186, n 1101.

Microfcope (2.) p. 74. %, 760

—— it magnifies [mall Objelts, p. ibid. n. 761,

————— it magnifies more when compounded, P. 6.
n, 763.

Milky #ay, p. 284. n. 1199.

——it is an Affemblage of Stars, p. ibid. n. 1200.

Mirrours o7 Looking Glaffes plane (2.) p 87. n.799.
and fol.

——[pherical and convex, p. 89. n. 806. and fol.

—— (pherical and concave, p. 9o. n. 813. and fol.

—— burning, p. 91. n. 814.

eylindric and comicy, p. 11'7. 1. 863.

973; ii’bcesrzamre;m of the Moon (2.) p. 174. #. 1035.and
ol.

Wby it appears bigger near the Florizon, p. 67.0. 735-

It turns round its Axis, p.157.n. g%70. 184. n. 1692.

It always turas the fame Face towards the Larth, p. 184
n. 1092.

Eclipfe of the Moon (2) p. 176, n. 104Y.

———aphen it bappens, ibid. 7. 1049. 1051,

e Partial p. 177- 1. 1052,

Total, ibid. 7. TO53.

—— Central, ibid. 72, 1054.

The Gravity of the Moon towards the Earth, p- 211,
N, 1225.

U 4 The
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Tle Denfity of the Moon, p. 282, n. 14.27.
The Gravity of the Moon in its Surface, p. ibid. n. 1429.
Thbe I7'sight of the Moon, p, ibid. 2. 1429,

She Figure of the Moon, p 283, 2, 1431.

A Phyfical Explonation of the Motion of the Moon, p. 243.
2. 1283, and fol.

The Mitioiz and Diftance of the Moon (2) p. 157,
2. 967. and fol.

The Diwmenfions of the Moon, p. 159. 2. 9%57.

The Diftance of the Moon, if in its periodical Tine it
was carried vound the Earth, and the Earth Sood fiill,
p. 228. n, 1253,

T e Deterwiination of the Forces that difurd the Moon,
P. 245 2. 1291 p. 247, 1. 1296, P 251. % 1306,
1307. p. 259. # 1336,

The Motioinof the Apfides of ike Moon, . 1 3.

%, 970,
. 256, m. 1323, g
The Motion of the Nedes of the Moon, P 157, 2. 9o,

p. 260, 7. 1341. and fol.

Tbe Change of the Moon’s Excentricity, p, 1 57. n. 968,
p. 2§%. n. 1328, 1329.

Dhe Change of the Iuclination of the Moon’s Orbit
n. 969, p. 261, n.1345. and fol,

A Periodical Lunar Month (2.) p. 175. 7, 1031.

- Syucdical Month, p ibid. #. 1038,

~—————— Body inoveable or {ufceprible of Motion (1.)
? o #. 11,

Mation (1) p.19. 2z 47.

its Quantity, p.20. 1, §4.

its Direltiony p, 21. n, §3.

—~——if5 Laws, p. 49. n, 124. and fol,

The comparing of Motions (1.) p 22. #. 62, and fol.

Accelerated Motion (1.) p. 51, 7. 127,

lotion retarded, p. 52. n. 128.

————componnded, p. 85. n.190. and fol.

' -p. 88, n. 192,

——— Relative (2.) p. 161, n. 985,

1P 157,

-

P———

Motion
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Motion Apparent, ibid. 7. 985. p. 163. 2. 992. and fol, -
——in Confequentiay p. 153. n. 946, ’
in Antecedentias P. 154. n. 944,
o diltrizaly p. 181.n. 1074. n. 182. n. 1081.and fol,
e 0f Fltidls (1.) p- 174. n. 354. and fol. \
of Light. See Light.
e 15 Quantity in the World not always th

(1) n. 187, 188, e

N.
Nadir (2.) p. 186. . 1100,
The Nodes of the Planets (2.) p. 153, n. 941,
The Line of Nodes, p. ibid. #. 942,
New Moon (2.) p. I75. #. 1042,
9o Nubeculz #u the Heavens (2.) p. 104. n. 1201,
L2

Opaque Body {2.) p- 58. 1. 709.

Opacity depends #pon the Pores (2,) p. 10§. n 843.

O&ave (1.) p. 255 #.527.

Qppefition of Celefiial Bodies (2,) p. 167. n. 1011.
P

Parallax of the Stars (2.) p. 187. n. 1106, and fol
.annualy, p. 282. n. 1187, 1188, -
Subtility of Parts (1.) p. 9. 1. 20.

Pendulum (1.) p.61. 7. 153.

componndy p. 65, n. 161,

Motious of Pendulums, p. 61. 7 154 and fol.
Penumbra (2.) p. 179. #. 1060,

Percuffion direl? (1) p 67. n.166.

w e of Bodies 10% elaftic, p. %2, n. 171. and fol.
of elaftic Bodies, p. 77. n. 179. and fol
obliques p- 89. 1. 193, and fol.

Perihelia of Planeis.

Natural Phenomena (1.) p. 2. n. 2.

Phofphorus of Urine (2.) p. 12. n. 575.

in a Vacsum (2.) p. 18, n. 595.

Natural Philofophy (1.) 2. 2. #. 3.

Place (1.) p. 19. #. 48, 49, 50.

Plafter fhines in a Vacenum (2.) p. 19, n. 570,
Plauers (2.) p. 151. % 920. Planets
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Planets Primary, p. 151, n. 927,
Secondary, ibid.n, 928.
e Inferior, p. 156. n. 964.
Superior, ibid,
The .»fpjfoeammes of Inferior Planets, p. 168, #. 101 s,
and fol,

The Appearances of Superior Planets, p. 171, 2. 1024.
and fol.

~——Tbeir Figures determined, p. 264. n. 1360,

=tbeir Diftances, p. 155. n, 956. and fol.

———tbeir Dimenfions, p. 158, n. 975.p- 231. n. 1256,
~——— their Weights, p. ibid, n. 1255,

=———tbeir Denfities, p, ibid. n. 1260,

———their Motions, p. 151,10, 929. and fol,

——1he Effelts of their mutnal Atjons, p. 23 §n.xzng,

——1bey revolve about the Center of Gravity of the
whole Syfiem, p. 234. n. 1264.

——tbeir Orbits are at reft, ibid. 7. 1263.

——tbeir Motions explained according to the Principles
of Natural Philofophy, p. 235. n. 1275.

Motions andthe Diftances of the Secondary Planets, p. 156,
#. 965. and fol. p. 191. 7. 1130, and fol.

~——an Explanation of thefe Motions, p. 240. n. 1277.
and fol,

The Points of Reff in Strings in Motion (1.) p. 257.
7. 538, §39.

The Poles of a Pianet (2,) p. 1 54.n. 953,

——of the B orld.

——Aritic, p.184. n. 1090.

——dntarflic, ibid. #. 1091.

~——of the Ecliptic, p. 166.n, 100%.

The Polar Circles, p. 184. n. 1091, Pt 188. n, T4

Power (1.) . 21. 7. 56,

——its Intenfity, p. 21, n, §7.

The Altions of Powers tompared, p. 24. n, 64. and fol,

The Attious of obligue Powers determined, p. 91.n. 196,
and fol, ;

Thbe Praxceffion of the Equinones. See ZEquinox.




The I N D E X.

ave Projettion of beavy Bodies (1.) p. 99. n. 208. and
aeEOly '
Pulley (1) p. 27 #. 82, 83. p. 40. 2. 115, and fol.
Common Pumps (1.) p.236. 7 472. -

R

Radiant Point (2.) p. 40. n. 643.

Rainbow. ee Iris.

Ray of Light (2.) p 23.n. 610.

———diverging (2.) p-39- n. 643.

converging, p. 40. n. 648,

——incident, p. 28.n, 620.

——refralted, ibid, u. 620.

—— vefletted, p. 81.1. %80,

——— homogeneous, p. 108. n. 849.

——— beterogeneons, ibid. #. 850.

they move in Curve Lines in the diry p. 148.
n. 1056.

Reflexion of Light from Bodies (2.) p. §8. n. 71o.

from a polifi’d Surface (2.) p. 81. n. 779,

its Laws, ibid. 2. 783. and fol.

it bas a great Relation with Refraition, p, 86.

n.%7g9s. and fol. :

Biack Bodies refleét #o Light, p. 107. n. 845.

Refraction of Light (2.) p. 26. n. 616.

when caufed, ibid. 1. 617,

———whence it arifes, ibid. u, 618.

e——w-jts Laws, p. 28. n. 624. and fol.

A conftant Proportion between the Sine of Incidence and
the Sine of Refradtion, p. 37. 7. 639.

The Canfe of this Effet?, p. 31. n. 633, and fol.

The Laws of Refraction in Medinms divided by the
plane Surfaces P- 39- 0. 643. in Medinms divided by
a [pherical Surface, p. 44. n. 660, '

Refra®ion of the Stars, p. 188. n. 1110, and fol.

Refrangibility different in different Rays (2.) p. 108,

n 8

47 :
confpantly the [ame infingle Rays, p. 115. n.855.
——— the greater it is, the more eafily are Rays refieit-
ed, p. 123. n. 868. Repul-
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Repulfion (1.) p. 15. 2. g0. and fol.

Refiftance of Fluids (1.) p. 162. n. 319. and fol.

Retardation of Bodies afcending Vertically (1.) p. 53.
n. 135.

Afcending upon an inclined Plane, p-6o. n, 151,
and fol.

——of Bodies moving in Fluids (1.) p- 165. n. 329.

Retardation of 2 Penduium in a Fluidy p. 171. n. 347.
and fol.

~——0f a Body rifing upwards, p. 172. n, 351. andfol.

Retardations compared withone another, p. 165. n.331,
and fol.

——compared with Gravity, p.166, n. 336.

Ring of Saturn (2.) p:156. 1 963. p. 174. n. 1034.

Rifing of the Stars (2.) p. 186. n. 1097,

River (1.) p. 195. #. 390,

——ils Settion, p. 195. n. 391.

——its Courfe, p. 195. n. 392. and fol.

Rules for reaforing in Philofophy (1) p. 3.7. 5, 6,7,

S

Satellites. See Secondary Planets.

Saturn (2.) p. 156. #. 963.

~——itsHeight, p.231. n. 1253.

——Gravity on its Surface, p. ibid. n. 1258,

——-its Denfity, p. ibid. n. 2260,

——the Force with which it aits on Fupiter, p. 238.
n. 1272,

An infide Screw (2.) p. 45. n. 121,

An outfide Screw, ibid.

The ufe of both, ibid.

An eundlefs Screw (1.) p. 47, n. 123.

Seafons of the Year, p. 199, n. 1176, and fol.

Sky-Rocket, p. 22. #. 609.

~—i# the torrid Zone, p.ibid. n. 1179. and fol.

Sefquiditonus (1.) p.2535. 7. 531.

The Setting of the Stars (2.) p.183. n. 1089,

Signs of the Zodiac. See Zodiac.

Smoak (2.) p. 1§ %.587. p.17. 7. 592.

Soft Body (1.) p. 11. n. 29. The
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The Sun dgitated by a [mall Motion (2.) p. 155. n. 9357,
p- 235. n. 1266.

——the Effeéis of its Motion, p. 235. n. 1267.

——1UrnS round s Axisy p. 155. n. 957. p. 180,
n, 1o71.

feems 1o be moved by the Motion of the Earth,
p. 164.1n.996. and fol.

——why it appears larger mear the Horizom, p. 67,
n. 735. ‘

Eclipfe of the Sun, p. 176. #. 1046.

——different in different Places, p. 179. n, 1663.

— wbhen it bappens, p. 118. n. 1059.

partial, p. 180, n. 1067, 1068.

——total, p. 179. n. 106%, 1068..

~—centraly, p. 180, n.1068.

annular, ibid. 10%0,

The Weight of the Sun, p. 231. n. 12§5.

——Gravity on its Surface, p. ibid. n. 1258,

——its Denfity, p. ibid, n. 1260,

Solidity of Matter (1.) p.4. n.9.

Solftices (1.) p. 195. n. 11535,

Sound depends upon the dir (v.) p. 249. n. §04.

——its Intenfity, p. 253. n. 515. and fol.

——it is augmented in Air comprefed, p. 253. n. §16.

— its Celerity, p. 251. 1. 508. and fol.

Space. See Vacuum, i

Sphere, paraliel (2.)p. 190. n. 1123, 1124.

——oblique, p. ibid. n. 1125. andfol.

~— righty p.192. n. 1138. and fol.

——fix’d Stars (2.) p. 150. #.923. p. 202. 7. 1190.
and fol.

——foundto be very mumerous by the Help of Telefcopes,
P. 204. n.1202.

~—— fome of them periodical, p, 204. n. 1203.

~——(ome of them bave appeared, and thes totally difap
peared, p. ibid. n. 1204.

White Spots in the Heavens (2.) p. 204 n, 1205.

The Confonances of Strings (1.) p.256. #, 532, and 5‘3}

we
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The Motion of fome Strings communicatedto otbers, p. 256,
n. 536. and fol.

Syphon (1.) p. 233. 7. 46, 469. p. 234. #. 470.

Points of Sufpenfion (1.) p. 28. 2. 8

Planetary Syftem (2.) p. 150. n. 922,

e~ an Explanation of it according to the Principlesof
Natural Philofopby (2.) p. 235. n. 1275.

Syzygies (2.) p. 276. #. 1044.

L.

Telefcope (2.) p. 76.n. 768.

Afiromomical, ibid. n. 769,

———proper to view terrefirial Objeftsy, p. n4. n. 72
p. 77. n. 776.

~——- why they are not more perfelt, p. 122, n. 867,

Thermometer (2.) p. 19. 7. 598, 599,

Natural Things (1.) p. 1. 7. 1.

Fide (2.) p. 274. n. 1395. and fol.

~— derived from the Influence of the Sun and Moon,
P. 273. n. 1390. and fol.

The Forces of Influences determined, p.273.n, 1416, andf.

Time '(1.) p. 20, #. 51, §2.

Mean ‘Time (2.) p. 194 7. 1145.

Tone (1.) p. 255. 1. 522.

~——graye, ibid.

——acute, ibid. :

Tropies (2.) p. 183. 1. 1089. p. 188. #. 1114.

Tubes fiiled with Guu-powder (2.) p.22. n. 609,

Tranfparent Body (2.) p. 104. n. 840.

The Parts of ali Bodies tranfparent, ibid. n. 841.

Tranfparent Bodies become opaque uponthe Separation of
their Parts, p. 106.n. 844.

Speaking Trumpet (1) p. 258. 7. 543.

Twilights (2.) p. 194 7. 1149. and fol.

v

A Vacuum s poffible (1) p. 5. n. 13.
~———its Properties (1.) p. 7. n. 15.
~———it5 real Exifierice in Nature (2 ) p.217. 0, 1239.
and fol. Velo-
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Velocity (1.) p. 20.#. 53.

Venus (2.) p. 155- #. 959,

it is an Affemblage of Stars, p. 204.n, 1260,

Vibrations of Pewdulums. See Pendubums.

———of Fibres. See Fibres,

Vifion (2.) p. 62. #. 716.

Diftintt Vifion, p. 63.2. 717, p. 64. #1. 724. D, 63.
#..128.

Confufed Vifion, p. 63. n. 718,

Fudgment concerning the Diftance of Objecits feen, p. 66,
n. 729. and fol.

Apparent Magnitude, p. 66, n. 733,
udgment concerning the Magnitude, ibid.n. 734,

Vifion througha plane Glafs (2.) p. 68. n. 739. and fol.

——through a convex Lens (2.) p. 69. n.745. and fol.

— through aconcave Lens (2.) p. 72.n. 757.

——Qbjetts appear magﬂ{ﬁ&a; inWater (2.)p. 69.n.744.

Wave on the Surface of a Fiuid (1.) p.201. n. go2. p.
202. N.405.

e Breadth of it, p. 202, n. 404.

—— Motion and Reflexion of 12, &c. p. 201. #. 402;
p. 202. 71.405.

—— Celerity of them, p. 208. n. 416.

Wave iz Air, p.239.0. 476.

——Motion of them and Celerity, &c. p. 240. n. 4717
and fol.

Water and melted Ice (2.) p. 20. n. 6o4,

Wedge (1.) p- 43. 7 118, 119.

Point of the Welt (2.) p. 187. n. 1103,

Wheels with Teeth (1.) p. 39. n. 114.

Whitenefs (2.) 2. 124. n. 870,

——refulting from a Mixture of Colours, ibid. m. 871,
and 872,

Awhite Body grows warm fooner than other colonred
Bedies, p. 145. 0. 909,

Shining Wood (2.) p. 13. #. 578. 2

=
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Zi
Zenith (2.) p. 186. #. 10gg.
Zodiac (2.) p. 166. 7. 1008, 1009,
its Signs, p, 165. 1. 999. p. 202, n. 1191, I1g2.

Zones (2.)"p.196. #.1159. and fol.
—==Phenomena of the Frigid Zones, p.196, 7. 11 65.

P- 197.1170. and fol. p. 199. n.11%6, and fol.
——0f the Temperate ones, p. 196. n. 1165. and fol.

?-199. #1196, and fol.

——orrid Zones, p. 196. z, 1163, 1167. p. 199.
#.1179, and fol.
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