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E To His RovaL. Higu~ess

" Prince of Wacgs, Prince Ele@oral of Brun-
f - fwick, Lunenburg, &c.

._ quefs of Cambridge, Earl of Chefter, Miiford
. - Haven, and Carreck, Vilcount North-Allerton,
" Baron of Tewksbury and Renfrew, Lord of the
Iflands, and Steward of Scct/and, and Knight of
the moft noble Order of the Garter,

GREAT Sig,

| OUR Rovar Hicaxess having
-~ done me {o greatan Honour

' as to take this Book under your
- Patronage with great Humility
- and Thankfulnefs I lay it at your
Feet; not doubting but that (what-
| ever my Performance 1s) the Sub-
- jeét will be acceptable, it being a
- Vindication of the ExisTexce and
& AttriBuTES of that infintte BE-

 ING, to whom your Royal High-
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F R E-A.DE.R

Otwithftanding thata book is more com-
pleat and valuable by Additions and
Amendments, yet 1 think that many and
great Additions are an Hard(hip and Injuftice
to the Purchafers of a former Edition; and
therefore I havein this, and the foregoing Edi-
tions, avoided it as much as well I could, al-
though fome of my learned Friends would
have perfuaded me to it, and alfo contributed
their Obfervations,

But yet from what I have faid in the Pre-
liminary Difec. p. 3. it will, I doubt not, be
| expedted, that I fhould give fome account of
| the Obfervations, which the long and good
Glafles in my hands have afforded me fince

the laft Edition of this Book.
Bat I have little to boaft of here, having |

(befides the old former complaint of the want

“ofa long Pole to manage Mr. Huygens’s Glafs

with) many great Hindrances in my Obferva-

tions, partly by a very dangerous Fit of Sick-

nefs, which hung long about me ; and partly

by my neceflary Affairs calling me to matters
*
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of another nature. But fome of the moft con.
fiderable of my Obfervations were thele,

1. Viewing Zenus with Mr. Huygens’s Glafs
divers Nights, when near her Pedigee, and
much horned, I thought I faw Anfraus or
Ronghneffes on the Concave Part of the en-
lighten’d Edge (fuch as we fee in the New
Moon) which I have reprefented as nearly as
T could in Fig, 12.

2. In my frequent Views of Zupiter, I find
his Belts to have great Varieties; that they
change their Places ; that their Breadths alter,
being fometimes broader, fometimes confider-
ably narrower ; that fometimes they are more.
in Number, fometimes fewer ; fometimes they
arc darker and blacker ; fometimes thin and
only like a Mift, "Towards the Poles of Zu-
prer are the greatelt Alterations, their being
{ometimes few or no Belts toward one or the
other Pole ;. {ometimes one quite acrofs the
polar Parts, another reaching but half, ora
tart of the Way. And even about the mid-
dle, or equatorial Parts of “fupiter, where
there are always Belts, (and commonly two)
yet thefe vary confiderably. Sometimes they
arc nearer one ancther; fometimes farther
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afunder : fometimes they are confiderably
broader, clpecially that neareft the middle ;

fometimes as confiderably narrower :  {ome-
times they both advance rowards one Pole;

and then recede towards the other oppolfite

Pole. Of many of thefe Appearances I took
Draughts, and defigned to have enquired
whether they had certain Periods; but want
of health and Leifure prevented me.

And not only the Belts, but the Sposs alfo
of Fupiter vary greatly ; 1 do not mean the
Spots occafioned by the Shade of the Sazel-
lizes, but fuch as are on the very Difk ; which
are fometimes of one form, fometimes of an-
other; and oftentimes none to be {een at all,
although the fame Face of Fupirer [hould be
towards us.

2. The laft thing T fhall mention is the Ne-
bulsfe, which are thofe glaring whit(h Ap-

pearances, feen with our Telelcopes in 4ne
dromedd’s Girdle, Hercules’s Back, Autinous’s
2

 Foot, Orion’s Sword, in the Centaur, Sagit-

tary, &c, which appear through the Tele-
fcope, fomewhat after the manner, as Cor
Cancri doth to the naked Eye.

Thefe Nebuisfz 1 have often viewed with
Giafes of very different lengths, particularly
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that in ped; Antinoi with Mir. Huygens's : bug
I confefs that I could never difcern what they
are ; neither indeed could T perceive any great
difference in their Appearances through a very
good Glafs of about 14 Foot, and others of
30 and 40 Foot, yea, Mr. Huygens’s of 126.

But indeed the grand Obftacle to all my
Views with Mr, Huygens’s Glafs was the Va.
pours near the Horizon, which not only ob-
fcured the Objed, but caufed fo great a trem-
bling and dancing thereof, as made it no lefs
difficult to be diftinétly and accurately view-
ed, than a Thing held in the Hand 15, when
danced and fhaken backwards and forwards. By
this means my Expe&ations from Mr. Hiy-
gens’s Glafs were frequently fruftrated, ex.
cepting in Nights that were more than ordi-
narily ferene and clear; which was common-
Iy in fuch as were thL moft mtcnfely fruﬂ'y
and cold.”

fiﬂt1111g it thercfore unlikely thatT fhould
do much more with Mr. Huygens’s Glafs than
I bad done, I reflored it to the Royal Society
which lent it me, (and to whom Mr. Huys
gens bequeathed it by his laft Will) contents
ing myfelf with the Views it had given me,
and that I had difcovered it to be an extcellent
Glafs; which Dr. Hoo#, and {fome others of
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our beft Fudges, tock to be good for 10.
thing

And now having given this Account of my
Obfervations, and alfo fhewed what hindered
my compleating of them (which may excite
farther Enquiries, as well as ferve to vindicate
myfelf) I fhall recommend -thefe things to
fuch as have good Glafles, par tmularly to the
Diligence and Accuracy of my very ingenious
Friend, the Reverend Mr. Pound, into whofe
hands the Royal Society have put that noble
Requeft of Mr. Huygens, and who is fo well
accommodated for raifing and ufing that Glafs,
as to have feen (among other confiderable
things) the five Satellites in Saturn; which I
confefs I could never reach, nor above three
of them that I could be fure were Sarellites:
I fay that [ could be fure were fuch, becaufe
it is not very eafy to diftinguith which are Sa-
tellites, and which are {mall Telefcopic Stars,
which very frequently thew themfelves in a
Glafs of fuch goodnefs as thatis. I remember
that 1 once verily thought I had found our fe-
ven Satellites of Saturn, with this very Glafs
of Mr. Huygens, fo regularly were they pla-
ced in refpet of Saturn. But when I came to
examine them the following nights, I found
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that there were really no more than two Sa-
tellites, the reft being fmall Fixt Stars. But
Mr. Pound’s Skill and exaénefs in fuch Ob-
fervations, is, 1 know, fo great, (and I may
add that of my fagacious friend Dr. Halley
too, who I hear hath feen the fame) that I do
not fay this by way of Caution to them, al-
though it may ferve as {uch to many others,

And now for a Clofe, I fhall take this op-
portunity of publicly owning, with all honour
and thankfulnefs, the generous Offer made me
by fome of my Fricnds, Eminent in their Sta-
tions, as well as Skill and Abilities in the laws,
who would have made me a prefent of the
Maypole in the Strand, which was to be taken
down) or any other Pole I thought conveni-
ent for the management of Mr. Huygens’s
Glafs. But as my incapacity of accepting
the favour of thofe noble Mecaenates, hath
been the occafion of that excellent Glafs being
putinto better hands; fo I aflure my felf their
expedtations arc abundantly anfwered, by the
rumber and goodnefs of the Obfervations that
have been and will be made therewith,
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PRELIMINARY DISCOURSE

CONCERNING

The {yftems of the heavens, the habitabilicy
of the planets, and a plurality ‘of worlds,
ufeful for the reading of the following book.

M Y Phyfico-Theology having met with fo

quick a fale as to come to a third im-
preflion before the year was expired, but efpe-
cially the follicitations of many learned men,
both known and unknown, have given me
great encouragement to fulfil my promife, in
fending abroad this other part, relating to the
Heavens : which fhould fooner have {een the
light, but that I was minded not to interrupt
the reader’s patience with many notes (which
I could not well avoid in my Phyfico-T heology,
and which my mugh draught of this was bur~
thened with) and therefore 1 threw the great-
eft part of them into the text: which necefli-
tated me to tranfcribe the whole. And when

my hapd was in, I new-made fome part of ity
| a
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il The Author’s Obfervations.

and added many new obfervations of my own,
which I then had lately made with fome very
good long glaffes I had in my hands; one of
Campani’s grinding; and others of Englifh
work, which exceeded it; but efpecially one
of Mr. Huygens’s of above 120 feet, which
few for goodnefs do furpafs.
Of thefe obfervations the reader fhould have
met with many more (and I believe fome of
my ingenious friends do expeét more) but that
I lie under two inconveniencies : one the want
of an open free Horizon, my habitation being
furrounded much with trees. The other, and
indeed the chief, the want of a long pole of a |
100 or more feet, to raife my long glafs to
fuch an height, as to fee the heavenly bodies
above the thick vapours; which much obfcure
all objeds near the Horizon, efpecially when
viewed with fuch long and gooed glafles, But
fince that, two very dangerous fits of ficknefs, -
and the increafe of my age, (both which have
much im paired my fight) have render’d me un-
capable of fuch obfervations, efpecially at fuch
feafons of the night and weather, asare fitteft
for viewing the heavenly bodies.
- And therefore if I have not fufficiently an-
fwer’d the expetations of fome of my learned

and ingenious friends, I hope they will excufe
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me, and believe it to be more my calamity
than fault that I have done no more; efpecis
ally among fuch planets as have advantageouf-
ly prefented themfelves, as Saturn particular-
ly hath, whofe § or more fatellites it may be
expected [ have feen ; but 1 could never reach
but three of them, and they only when there
were but few vapours. And as for the {pots
in Mars and Fenus, and their motion round
their own axes, after I had a good furniture of
excellent glafles, 1 had not any good views of
thofe planets before my ficknefs, by reafon of
the too great diftance of Mars from the earth,
and the proximity of Fenus to the Sun, and
the cloudy weather; and the fmall altitude
which Fenus had above the Horizon about that -
time,

But however what is here wanting in my
own, is fufficiently made up from the obfer-
vations of others. Of which the learned world
hath good ftore, fince the invention of the te-
lefcope; which as it hath made ample difco-
veries of the works of God, {o hath laid open
a new, and a far more grand and noble fcene
of thofe works than the world before dreamt
of, and afforded us a far more rational fyftem
of the heavens and the univerfe, than was be-
fore entertained, a2
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1y Of the Ptolemaic fyftem.

And forafmuch as T have frequent occafions
in my following book to fpeak of, and, accer-
ding to fome or other of the {yftems of the hea-
vens, it is neceffary I fhould, by way of pre-
face, give fome account of them, to enable
fuch perfons to underftand my book as are un-
acquainted with aftronomical matters.

Among all the various /j/fems, 1 need take
notice only of three, the Prolemaic, the Co-

Pfr‘ﬂff‘ffﬂ, and the new fyffem. Of each ﬂf
which in their order,

Of tbe Pta?amafr Siftem,

In the Ptolemaic [yftem the earth and wa-
ters are {uppofed to bein the center of the uni-
verfe; next to which is the element of @/r, and
next above that is the element of fre; next
that the orb of Mercury, then that of Fenus,
then that of the Swz; and above the Sun’s
orb, thofe of Moars, Fupiter, and Saturn;
and above them all, the Firmament, or orb of
the fixed flars ; then the Cryftalline Orbs ;
and laftly, the Coelum Empyreum, or Heaven
of Heavens., All thefe mafly orbs, and vaft

bodies borne by them, are, in this {yftem, fup-
pofed to move round the terraqueous globe
ence in twenty-four hours: and befides that,
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in fome other certain periodical times. For the
effeting of which motions, they were forced
to contrive {uch circles as they called Eccen-
trics and Epicycles, crofling and interfering
with one another ; which I could not reprefent
in {o narrow a compafs as Fig. 1. is, which
is a fcheme of this Ptolemaic [yftem ; which
is univerfally maintained by the Peripatetic
Philofophers.

Of the Copernican [yflem.

The next fj/em is the Pythagorean or Co-
pernican, being invented, as fome imagine, by
Pythagoras himfelf. But Diogenes Laertius
(3) exprefly faith, that Pythagoras’s opinion
was, “ That the world was round, containing
¢ the earth in the midftof it.” And by Pliny’s
account (b) of Pythagoras his diftances, and
orders of the planets, this feems to have been
his opinion. But the fame Laertius (c) affirms
Philolaus the Pythagorean wm ym voeiveu xara xoeren,
Fpator eixay o dt, Ineray vper ' woueuov gae ¢ to have been
““ the firft that faid the earth was moved in a
I circle: but fome fay Hicetas the Syracufian,”

a3

(a) Lib. 8. in Pythagora,
(b) Nat. Hifft. L. 2. ¢, 21, 22,
(c) dbid. in Philolas,
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So Plutarch, in his life of Numa, {peaking of®

-

¥i Of the Copernican [yftem.

Numa’s building the temple of Fefla, faith,
“ he built it round, and that a continual fire
‘¢ was kept therein, in imitation of the figure
¢ of the earth, or rather of the whole world

“ itfelf, the middle of which the Pythagoreans 1

¢ (not Pythagoras) take to be the feat of

¢ fire,”

This {fyftem (whoever was the inventor of

it) Copernicus a canon of 7 horn reftored about
the beginning of the fifteenth century, and
was followed therein by many confiderable
men, as Rheticus, Maeftlinus, Kepler, Ro-
' tham, Bullialdus, Lansberge, Herigonius,
Shickard, Gaffendus, Galilaco, and others.
The laft of which (by the ill-will and inftiga-
tion of Pope Urban VIII. as it is fuppofed)
had the misfortune to fall under the cenfure
of, and to have his Copernican T enets con-
demn’d by the inquifition, and was forced to
abjure them, The particulars of which, if the
reader hath a mind to {ee, he may find them
in Riccioli’s Almage/t (d)

According to this fyftem, the Sun is fup-
pofed to be in the center, and the heavens and
earth to revolve round about him according to

their feveral periods : Firft, Mercury in near

(d) Lib. ¢, Sz1. 4. Cap. 40.



- -l-hl

Of the Cﬂ?&?‘ﬂiﬂ'ﬂﬂ [yften. vii

88 days; then Fenus in fomewhat above 224
days; then the earth with its fatellite the Mooz,
in 365 one fourth days; then Mars in about
687days ; then Fupiter with his four moons in
about 4333 days; and laftly, Sazurzin fome-
what above 10759 days, with his § or more
moons revolving about him. And beyond or
above all thefe, is the firmament, or the regi-
on of fixt Stars, which are all fuppofed to be
at equal diftances from their center the Sun,

This is the Copernican [yflem, whichI have
given a {cheme of in Fig. 2. And {o far as this
{fyftem relates to the motion of the earth, and
the Sun refting in the center, I prefer it to
the Prolemaic Hypothefis on thefe five follow-
ing accounts.

1. Becaufe it is far more agreeable to na-
tare, which never goes a round-about way,
but always acts by the moft compendious, eafy
and fimple methods. And in the Copernican
way, that is performed by one, or a few eafy
revolutions, which, in the other way, is made
the work of the whole heavens, and of many
ftrange and unnatural orbs. Thus the diurnal
motion is accounted for by one revolution of
the earth, which all the whole heavens are
called for, in the other way ; fo for the peri-
odical motions of the planets, their flations,
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retrogradations and dire& motions, they are all
accounted for by one eafy, fingle motion round
the Sun, for which, in the Prolemaic way,
they are forced to invent divers ftrange, unna-
cural, interfering Eccentrics and Epicycles :
An hypothefis fo bungling and monftrous, as
gave occafion to a certain king to fay, “ If he
¢ had been of God’s counfel when he made
“ the heavens, he could have raught hun to
¢ have mended his work.”

2. As the (opernican is far more eafly and
agreeable to nature thanthe Ptolemaic fyftem,
fo it is far more complete, and anfwerable to
the various Phaenomena of the planets ; feve.
ral of which the Ptolemaic hypothefis either
very aukwardly folves, or doth not at all come
up to. I might inftance here in divers parti-
culars relating to Penus and Mercury, as why
the earth is never between them and the Sun,
which the Ptolemaic {yftem gives no tolerable
account of, and but poor accounts of other of
their Phaenomena, as alfo of thofe of the
moon and the other planets. I might thew al-
fo how incoherent and improper the motiong
alligned to the heavenly bodies are in the Pyo-
lemarc way, as that the moon fhould move -
round once in a month, the other planets in
fuch and fuch periods as are affigned to them;
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~ the firmament or fixt-ftars in 25 or 2 6 thoufand
~ years ; the {phere beyond that in 1700 years;
and the tenth {phere in 3400 years; and the
outermoft of all, the Primum Mbobile, which
moves all the reft, in only 24 hours. Which
are motions fo unproportional, and difagreea-
ble, that are fufficient to f{ubvert the whole
hypothefis. But it would be endlefs to enter
into a detail of fuch incoherences and impro-
prieties as the Ptolemaic {y{tem abounds with,
3. The prodigious and inconceivable rapi:
dity afligned by the Ptolemaics to the hea-
vens, is by the Copernican {che me taken off,
“and a far more eafy, and tolerable motion fub-
fituted in its room. For is it not a far more
eafy motion for the earth to revolve round its
own axis in 24 hours, than for fo great a num-
ber of far more mafly, and far diftant globes,
to revolve round the earth in the fame
fpace of time ? If the maintainers of the Pro-
lemaic {yltem do object againft the motion of
the earth, that it would make us dizzy, and
fhatter our globe to pieces, what a precipitant,
how terrible a rapidity muft that of the hea-
vens be 7 What a velocity muft the Su» have
to run its courfe, at the diftance of 21 or 22
- Semidiameters of the earth 7 What a velocity

muft that of the fixt-ftars, efpecially that of
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the Primum Mbobile be, at far greater diftance8
than the Sun is?

4. Itis an inconteftible argument of the Sun
being the centre of the Planets about him, and
not the earth, that their motions and diftances
refpeét the Sun, and not the earth. For with
- regard to the Suz, the primary Planets have a
very due motion, in proportion to their feveral
diftances; that is, their motions round the Sun,
are 1n {efquiplicate proportion to their diftances
from him: but this proportion doth not hold
at all with relation to the earth. But as for the
{fecondary Planets, round Saturn, Fupiter and
the earth, it isvery certain that they have the
fame refpe®t to their primaries, as thefe pri
maries have to the Swx; thatis, * The fquares
¢ of their revolutions are as the cubes of their
“ diftances.” And as it is very certain and
vifible, that the fecondary Planets refpeét their
primaries as their centers, and move round
them, {o it is in fome meafure (one would
think) no lefs certain, and beyond doubt,
that all the primary Planets which have the
felf-fame refpe& to, and motion with regard
to the Sun, as thofe fecondaries have to their
primaries, that thofe primaries, I fay, domove
round him as their center, and not about
the earth, to whom they have no fuch refpe&,



= A

o~

Copernicus anfwered. x1

§. The laft argument I fhallallege for my
preference of the Copernican to the Ptolemaic
{yftem is from the great parity and congrus
ity obfervable among all the works of the

_ creation ; which have a manifeft harmony,

and great agreement with one another.

Thus in our prefent cafe, it is manifeft to
our fight, that every globe we have any good
views of, hath fuch like motions, as thofe are
which we afcribe to the earth. The Sux in-
deed beingin the center, is as it were fixt there,
and hath no periodical motion: But yet the
other motion round its own axis, we can ma-
nifeftly difcern. And as for all the Planets
which move round about the Suz, they have, as
faras ’tis poflible for us to fee them, fuch moti-
ons as thofe we afcribe to the earth ; namely,
a diurnal rotation round their own axes, and a
periodical revolution round the Suz. And if
this be manifeflt in the other Planets, what
fhould hinder its being fo in our own? Why
fhould ours be fingular ? Why not be fuppof-

ed to be moved as well as the reft, when it is

wvery certain that either it hath thofe motions,

or the heavens have fo; and it is far more na.
tural and eafy for the earth to perform them,
than for the heavens, as hath been already

thewn ?
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il Olyeltions againft

Thus having fhewn how far more probable
the Copernican {yltem is than the Ptolemaic,
fo far as it relates to the motions of the heavens
and earth, and the Suz being in the center, it
remains (before I proceed to the third and laft
fyftem) that | thould anfwer fome objeétions
alledged againft this fyftem, partly from ferip-
ture, and partly from philofophy and fight.

The objections from fcripture are fuch as
feem to affert the immobility and reft of the
earth, and the motion of the Su# and heaven-
ly bodies. .

The texts that are brought to prove the im-
mobility and reft of the earth, are, 1 Chron,
xvi. 30. ¢ The world fhall be ftable, that it
¢ be not moved” The fame is faid, Pfalm
xciil. 1. ¢ The world alfo is eftablifhed, that it
¢ cannot be moved.” And fo the fame again,
Pfalm xcvi. 10. In Pfalm civ.§5. Gobp is
faid to ¢ lay the foundations of the earth, that
¢ it thould not be moved for ever.” And laftly,
Solomon, Ecclef. 1. 4. afferts, that ¢ the earth
¢ abideth for ever.” Like to which is that of
the Pfalmift, Pfalm cxix. 9o. ¢ Thou haft
¢ eftablifhed the earth, and it abideth,” Thefe
are the principal texts which {feem to affert the
immobility and ftability of the earth,
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The principal texts which mention the mo-
tion of the Suz and heavenly bodics, are fuch
- as afcribe, rifing, fetting, or ftanding ftill to
~ them. Thus Gen. xix. 23. ¢ The Sun was
 “rifen upon the earth, when Lo entered into
¢« Zoar. And Gen. xv. 17. When the Suz
¢ went down, and it was dark, a fmoking fur.
¢pace, &c. Lo Eccl i. 5. The Sun arif-
¢ eth, and the Swn goeth down, and hafteth to
¢ the place where he arofe.  So Plalm xix. §_
¢ 6. the Sun is faid to come out of his cham-
“ ber like a bridegroom, and to rejoice as a
¢ ftrong man to run a race. 'That his going
¢ forth is from the end of heaven, and his cir-
¢ cuit unto the ends of it.” Purfuant to which
exprellions of the Sun’s moving, it is faid alfo
to ftand flill, and to go backwards. Thus
~ Jofhua x. 12, 13. ¢ Sun, ftand thou fill u-
¢ pon Gideon, and thou Moon in the valley of
¢ Ajalon. And the Sun ftood flill, and the
¢ Moon ftayed.~-—-So the Sun {tood ftill in the
¢« mid{t of heaven, and hafted not to go down
- “abouta whole day.” Andin 2Kingsxx. 10,

and Ifaiah xxxviii. 8. the Sunis faid ¢ to have
- ¢ returned ten degrees backward in one of the
‘ places, and its fhadow to have done fo in the
¢ other.’

b
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Xiv Oljeltions againft

Thefeare the chief texts of feripture, which
feem to lie againft the Copernican hypothefis.
In anfwer to which, this may be faid in general
to them all; that fince the defign of the holy
writings is not to inftruét men in philofophical,
but divine matters, therefore it is not neceffary
to reftrain the {enfeof thofe texts to the ftric
propriety of the words, but take them to be
fpoken according to the appearance of things,
and the vulgar notions and opinions which men
have of them, not according to their reality,
or philofophical verity. Thus in divers other
inflances the holy feriptures fpeak ; and thus
‘even Philofophers themfelves {peak. Yea, the
Copernicans themfelves, although they pro-
fe(ledly own, and defend the contrary; yetin
vulgar {peaking in our prefent cafe, {fay, The
Sun rifeth, ferteth, and moveth, &c. mak-
ing that to be the a&t of the Suz in vulgar dift
courfe, which they contend, to be in reality
performed by the earth. And if Philofophers,
and others fhould not thus exprefs themfelves
according to the appearance of things, and
men’s vulgar apprehenfions of them, it would
need a comment, and they muft explain them-
felves every time they fpeak, in order to their
being underftood.
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Having given this general anfwer, T fhall
- next confider the particular texts themfelves,
~ and fee whether they neceffarily infer what
- they are brought for the proof of. "

And in the firft place, as for the texts
brought to prove the immcbility of the earth,
it is manifeft that the {tability of the world,
mentioned in the three firft texts, doth not re-
Iate to the earth’s motion, either annual or di-
urnal, but to the condition, ftate and order of
- the world inhabiting the earth, particularly the
peace and profperity thereof. One of our own
latelt, and moft learned Commentators, the
late bithop Parrick (e) underftands the gofpel-
{tate to be meant in the firfl and third of the
texts. And his paraphrafe on that in Pfalm
xciil. 1. 18, “ He who made the world, will
“ fupport that excellent order wherein we are
* fettled ; fo that it fhall not be in the power
¢ of men to difturb what he hath eftablifh-
“ ed.”

As for what is faid in Pfalm civ. 5. itis

| manifeft that the Plalmift is there celebrating
| the works of creation, and that there was

as fair an occafion of {peaking of the earth’s
b 2

(c¢) See his Commentary on Chron, and Paraphrale
on Pflalms.
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reft, in relation to its two motions, as any
where. But yet even here alfo the fecurity
and permanency of its ftate is the thing aimed
at.  The laft moft learned Commentator thus
paraphrafes on the place, (f) “ Who hath fet-
¢ tled the mafly globe of the earth, even in
* the liquid air, upon fuch firm foundations,
¢ that none of thofe ftorms and tempefts,
~#¢ which beat upon it from without, nor any
« commotions from within, can ever flir it
* out of the place he hath fixed for it.”

As for the two remaining places in Ecclef.
and Pfalm cxix. it is plain enough that
their defign is to fhew the vanity and in-
ftability of the things of this world, that they
are all more fleeting and uncertain than other
matters, even than the earth itfelf, on which
they have their refidence. In Ecclef. the wife
man (who had undertaken to prove all things
here below to be vanity) begins with the flate
of man him{elf, and fhews that to be more fic

kle and tranfitory than the earth, on which the
~ various generations of men live, and to which
their bodies do all return again.. The gene-
rations of men pafs away; but the earth abideth
for ever, in the fame unalterable condition,

() Bifhop DPatrick’s Parap. on Plalm civ. 5.
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without fuch going and coming as that of the

generations of men have,

In Pfalm cxix. go. the Pfalmift celebrates
God’s faithfulnefs to all the various and fuc-
ceeding generations of the world, which he
fhews to be as conftant and unalterable as the
earth itfelf, which God hath fo eftablifhed,
that it abideth through all the {everal genera-
tions of men,' when they at the fame time are
fleeting and changing.

Thus it appears that all thofe feveral texts
whichaflert the ftability of theworld, or earth,
prove nothing againft the earth’s motion in a
philofophical fenfe ; only exprefs fome moral

theological truths.

And fo the fame may be faid of thofe other
places of fcripture, which mention the motion
of the Sun and other heavenly bodies, that fay
they rife, fet, and perform the motions which
the Copernicans afcribe to the earth. If we

fhould rake thefe expreflions in a philofophical,

firi&, literal fenfe, and not as vulgar exprefl-

ons, arifing from the appearance of things;
we fhall find that very odd and unreafonable
conclufions may as well be colle&ted from thofe
fcriptures, as the Swn’s motion: as that the
Sun hath animal life, motion, and defire, being

faid to at thefe things itfelf, to rife, to fet,
: b3



b el

Xviil Objellions againft

yea, to hafte to the place of his rifing, or as
the Hebrew hath it, to pant after, or eagerly
to defire it (g). So in Pfalm xix. the elegant
Plalmift giving a poetical defcription of this no- |
ble and admirable work of God, the Suu,
faith, ¢ God hath, in the heavens, made a ta-
bernacle for him;’ as if the Suz had an houfe,
a refling place provided for him; from which
he comes daily forth with beauty and luftre,
as refplendent as that of a bridegroom, and
with the fame ardency, joy and diligence runs
his courfe, as a champion doth his race. And
laftly, his going forth is faid to be ¢ from the
end of the heaven, and his circuit to reach to
the ends thereof ;> as tho’ the heavens had two
extremities, or was (as the antients fanfied the
earth to be) a long large plane bounded by
the ocean, under which they imagined the Suzn
betook himfelf, and was thence faid #ingere
/% oceano, to dip himfelf in the ocean when he
{et.

And as in thefe places of feripture the Suz
is {aid to move; fo in the other places he is
{aid to ftand @ill, and to go backward, But
we fhall find that very abfurd conclufions
would follow the taking of thofe texts ina firi&t

-{g) SrAF anhelavit, inhiavit, vid. Buxtorf, Lexicon,




- Copernicus anfwered, Xix

literal fenfe, For in Jofhuah the Sun is or-
dered to {land ftill upon Gideon, and the Moon
in the valley of Ajalsn. But it would be very
abfurd to take this in a literal fenfe, and ima-
gine thofe two great luminaries were confined
to thofe two places,. otherwife than in appear.
ance to the viforious Ifraelites. And if fo
confiderable a part of the tranfaction be fj poken
according to itsappearance, why not the whole ?
Why might not this ftation as well be an ar-
reft of the earth’s motion as of that of the hea.
vens, if the whole miracle was not (as fome
not improbably think) effeCted by means of
fome preternatural refractions, or extraordina-
ry meteors ¢ &

And {o for the recefs of the Sun, or its fha-
dow in Hezekiah’s cafe, that which in appear.
ance feemed to be the altion of the Su» is by
divers learned men thought to have been the
effect of fuch like extraordinary refrations or
meteors, a8 1 mentioned in the laft cafe : orif
it was a real recefs, why not of the earth, ra-
ther than the Sun and whole heavens ?

Thus having anfwered the particular texts,
it doth not appear that the {criptures oppofe the
Copernican fyflem, but that thofe paflages
which feem to do fo, are {poken more accor-
ding as things appear than as really they are,
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For as St. Hierom faith, (h) ¢ Confuetudinis
¢ {cripturarum eft----It is the cuftom of the
¢ {criptures, for the hiftorian {o to relate the
‘ opinion men had of many matters, as at
““ that time thofe matters were by all people
¢ taken to be.” And in another place, (1)
¢ There are many things in the Holy Serip-
‘¢ tures, which are {poken according to the
¢ opinion of the time in which they were
¢ done, and not according to their reality.”
And this is no other than what is very reafon=
able, and fuitable to the end and defign of the
Holy Secriptures, which as I have faid, is ra-
ther to inftruét men in divine and moral doe-
trines than philofophical truths. And agree-
ably hereto St. Auguftine anfwers this very
doubt concerning the motion of the heavens, -
(k) ¢ Some of the brethren (faith he) move
“ a queltion, whether the heavens f{tand flill
“ or are moved, becaufe, fay they, if they
“ are moved, how is it a firmament 7 and if
¢ they ftand ftill, how do the ftars, which are
¢¢ believed to be fixed in them, revolve from
“ eaft to weft, the northern ftars defcribing
¢ leffer circles near the pole 2—-To which,

L]

",

-y

(h) Hieron in Matth, ¢, 13.
(i) In Jerem. xxviii.
(k) Auguft. de Genefi ad Literam. L. 2. ¢. 10.
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#< faith he, I anfwer, That thefe things do
¢ greatly require feveral fubtil and laborious
¢ reafons, to difcover truly whether the mat-

-

¢ ter be fo, or not fo. For the entering upon,

L]

-

and difculling of which, I have neither
¢ time, neither is it fit it fhould be done to
“ fuch as we defire to inftrudt in the way of

falvation, for the neceflary benefit of the
¢ holy church.”

Having thus anfwered the objetions from
feripture, 1 fhall in the laft place confider thofe
brought from fenfe and philofophy.

"The objection from fenfe is, that we fee the
heavenly bodies attually to move, and there-
fore ought to believe they do fo. But
there is no weight at all in this, becaufe whe-
ther we ourfelves, or the obje& moveth, it
amounts to the fame. As is manifeft to any
one carried in a boat or chariot; the progre(live
motion of which, produceth the appearance of
a regreflive motion in the unmoved objeéts we
look upon ; according to Virgil’s defcription
of Aeneas and his company’s leaving their
port,

-

-,

[ 1

(1) Provehimur portu, terraeque urbefque
recedunt,

(I) Aeneid. L. iii. v. 72.
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i. e. ¢ Both land and towns receded when we
“ left our port.” As for the reafon hereof,
I fhall refer to the opinions, particularly the
famous Kepler, who in his Optices Aflronom.
hath defignedly handled this point.

The objetions from philofophy, are too
numerous to be diftinétly anfwered, efpecially
fuch as feem very frivolous, particularly thofe
grounded on a fuppofition of the verity of the
Ariflotelian philofophy, as the immutability
and incorruptibility of the heavens, &c. For
an{wers to which, I fhall refer the reader to
Galilaeo’s Sy/lem Mund, Burt for fuch objec-
tions as feem to have fome reafon in them,
they are chiefly thefe, That if the earth be
moved from W. to E. a bullet {hot weft-ward
would have a farther range, than one fhot
eafl-war’; orif fhot N, or S. it would mifs
the mark; or if perpendicularly upright, it
would drop to the weft-ward of the gun, That
aweight dropp’d from the top of a tower would
not fall down juft at the bottom of the tower,
as we fee it doth, That birds flying towards
the E. would be hindred in their flight, but
forwarded in flying the contrary way; with
much more to the fame purpofe. But not to
enter into a detail of anfwers that might be
given to the precceding objetions from the
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laws of motion, and the rules of mechanics
and mathematics; Ifhall only make ufe of the
moft ingenious Galilaco’s plain experiment,
which anfwereth all or moft of the Objections
(m). ¢ Shut, faith be, yourfelf up with your
¢ friend in the great cabin of a fhip, together
¢ with a parcel of gnats and flies, and other
¢ little winged creatures, Procure alfo a great
¢ tub of water, and put fithes therein. Hang
“alfo a bottle of water up, to empty itfelf
* drop by drop into another fuch bottle placed
« underncath with a narrow neck. Whillt the

¢ fhip lies fill, diligently obferve how thofe
¢ little winged creatures fly with the like fwift-

| ¢ nefs towards every part of the cabin; how

¢ the fithes {wim indifferently towards all fides;
¢ and how the defcending drops all fall into the
¢ bottle underneath. And if you throw any
¢ thing to your friend, you need ufe no more
¢ force one way than another, provided the
¢ diftance be equal. And if you lcap, you
¢ will reach as far one way as the other.
« Having obferved thefe particulars whilft the
¢ fhip lies {till, make the fhipto fail with what
¢ velocity you pleafe, and fo long as the mo-
¢ tion is uniform, not flu€tuating this way and

(m) Syflem, Mund, Dial, 2.
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. ¢ that way, you fhall ngt perceive there is
¢ any alteration in the aforefaid effeés ; neither
¢ can you from them conclude whether the
¢ fhip moveth or ftandeth flill. But in leap~
¢ ing you fhall reach as far on the floor as you
¢ did before ; nor by reafon of the fhip’s mo-
¢ tion, fhall you make a longer leap towards
¢ the poop than the prow, notwithftanding that
¢ whilt you were up in the air, the floor under
¢ your feet had run the contrary way to
¢ your leap. And if you caft any thing to your
¢ companion, you need ufe no more ftrength
¢ to make it reach him, if he fhould be to-
¢ wards the prow, and you towards the poop,
¢ than if you ftood in a contrary pofition. The
¢ drops fhall all fall into the lower bottle, and
¢ not one towards the poop, altho’ the ﬂ1iP
¢ fhall have run many feet, whilft the drop
¢ was in the air. The filhes in the water fhall
¢ have no more trouble in f{wimming towards
‘ the fore-part of the tub, than towards the
¢ hinder part, but fhall make towards the bait
¢ with equal fwiftnefs, on any fide of the tub,
 And laftly the gnat and flies fhall continue
¢ their flight indiffcrently towards all parts,
¢ never be driven together towards the fide
¢ of the cabin next the prow, as if wearied
“ with following the fwift motion of the fhip.
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¢ And if by burning a few grains of incenfe,
¢ you make a little fmoak you fhall perceive
« it to afcend on high, and hang like a cloud,
| ¢ moving indifferently this way and that, with-
¢ out any inclination to one fide more than a-
¢ nother. The caufe of which correfpondence
“ of the effeds, is, that the fhip’s motion ig
¢ common to all things contained in it, and to
¢ the air alfo: 1 mean when thofe things are
¢ fhut up in the cabin: but when they are a-
¢ bove deck in the open air, and not obliged
¢ to follow the fhip’s courfe, differences more
¢ or lefs may arife among the fore-named ef-
¢ felts.

Thus Galilaeo by this one obfervation hath
anfwered the moft confiderable objeltions de-
duced from philofophy againft the motion of
the earth. And thus much fhall {uffice for
the explication and proof of the Copernicar '
Syftem ; efpecially that part of it relating to the
Solar fyftem. Which things 1 have more large-
ly than ordinary infifted on, for the farisfadti-
on of many that I am fenfible doubt of them,
and particularly fome of my friends (and thofe
not unlearned teo) who may be apt to read my
following book with prejudice wherefoever I
favour the Copernican notions,

C
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l.;)f the New Syftem.

- And now 1 pafs from the fecond fyftem to
the third, which is called the new fy/tem, and
by fome the #rue fyflem; which extends the
univerfe to a far more immenfe compafs, than
any of the other fyftems do, even to an inde-
finite {pace; and replenifhes it with a far more
grand retinue than ever was before afcribed
unto it.

The new [fyflem is the fame with the Coper-
nican, as to the fyftem of the Sux and its pla-
nets ; as may be feen by the fcheme of it in
Fig. 3. But then, whereas the Copernican
hypothefis fuppofeth the firmament of the fixt-
{tars to be the bounds of the univerfe, and to
be placed at equal diftance from its center the
Sun  the new fyftem fuppofeth there are ma-
ny other {yltems of Suzns and Planets, befides
that in which we have our refidence = namely,
that every fixt ftar is a Swz, and encompafled
.with a {yftem of planets, both primary and fe-
condary as well as ours,

Thefe feveral fyftems of the fixt flars, as
they areat a great and fufficient diftance from
the Suzand us, {o they are imagined to be at as
duc and regular diftapces from one another
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By which means itis, that thofe multitudes of
fixt {tars appear to us of different magnitudes,

the neareft to us large ; thofe farther and far-

ther, lefs and lefs.

Of thofe fyftems of the fixt ftars I have
given a rude reprefentation in F7g. 3. together
with that of the Suz ; which may ferve to
give an unfkilful reader fome conception of the
ftate of the univerfe; although there be but
little Tikenefs in it, for want of room to lay
out all the feveral {yftems in due proportion ;
which is neceffary to a true reprefentation of
the matter.

In this 3d. Fig. the fixt ftars with their
fyftems (reprefented by little circles about
thofe ftars, which circles fignify the orbits of
their refpeétive planets) are placed without
the limits of the folar fyftem, and the folar
fyftem 1s fet in the center of the univerfe,
and figured as a more grand and magnificent

part thereof. And fo it may be looked upon

by us, by reafon of its proximity and relation

to us. But whether it be really fo, whether

it be in the center of the univerfe, and whe-

ther among all the noble train of fixt ftars,

there be no fyftem exceeding ours in its mag-

nificent retinue of planets, both primary and
cC 2
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fecondary, and other admirable contrivances;
is a difficulty, as out of the reach of our glafles;
{o confequently above our ability to fathom;
although not at all improbable. But be the
various {yltems of the univerfe as they will as
to their dignity, it'is fufficient that'in all pro-
bability there are many of them, evenasmany
as there are fixt ftars, which are without numr
ber.

This fyftem of the univerfe, as it is phyfi-
cally demonftrable, fo is what, for the moft |
part, I have followed in the enfuing book, |
but not {o rigoroufly and obftinately, as utterly
to exclude or oppugn any other fyftem; be-
caufe as the works of Gop are truly great,and
fufficiently manifeft their excellent and mag:
nificence in any {yftem; fo I was willing to
fhew the fame in fuch fyftems as 1 had occafs-
on to {peak of them in; becaufe I would not
offend, and confequently not bar the force of
my arguments upon fuch readers, as might
happen to be wedded to the Ariffotelian prin
- «ciples, or prejudiced to the Prolemaic, or any
other [jffem : Wot that T'had my felf any doubts
about this #ew fy/fem, but think it to be far the
moft rational and probable of any, for thefe
reafons.
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"1, Becaufe it is far thé moft magnificent of
any; and worthy of an infinite CREATOR

‘whofe power and wifdom as they are without

bounds or meafure, fo may in all probability
exert themfelves in the creation of many fyl-
tems as well as one. And as myriads of fyftems
are more for the glory of Gop, and more de-
monitrate his attributes than one; f{o itis no
lefs probable than poffible, there maybe many
befides this which we have the priviledge of
living in. But it is very highly probable the

matter 1s {fo, by reafon,

2. We fee it is really fo, as far as it is pof
fible it can be difcerned by us, at fuch immenfe
diftances as thofe fyftems of the fixt flars are
from us. Our glafles are indeed too weak fo
to reach thofe fyftems, as to give us any affu-
rance of our feeing the planets themfelves,
that encompafs any of the fixt ftars. We can-
not fay we fee them actually moving round
their refpettive Suns or Stars. But this we
candifcern, viz. That the fixt ftars have the na-
ture of Suns, as I have made probable in Book
2. Chap. 2. Asalfo that there are fome things.
very like unto planets, which {ometimes ap-

- pear and difappear in the regions of the fixt

€3
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ftars; as I have fhewn in my difcourfe of #¢w0
Stars, Book 2. Chap. 3.

But befides what 1 have faid there, I have
this farther to add from fome late obfervations
I have made {ince my writing that part of my
book ; and that is, That the Galaxy being well -
known to be the fertile place of the new flars,
the region in which they commonly appear, I
am much inclined to be of opinion, that the
whitenefs there,is not caufed by the bare light
of the great number of fixt ftars in that place,
as hath commonly been thought, but partly
by their light, and partly (if not chiefly) by
the refleétions of their planets ; which ftop and
refledt, intermix and blend the light of their
refpective Stars or Suns, and fo caufe the
whitenefs of the Gulaxy prefents us with ;
which hath rather the colour of the refleéted
light of our Moon than the primary light of
our Sun.

. And that there are planets enough for this
purpofe, 1 fufpe, becanfe I have fome rea-
fons to imagine that there are many more zew
Sflars in the milkyway (all which I take to be
a kind of planetary globes) than have ever yet
been taken notice of, and that many of thofe
prodigious numbers of telefcopial ftars vifible

there, are of the nwnbers of ew fars or pla-
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wets, and not of fixt ffars only., This fufpic
cion 1 have for fome time had, but efpecially
lately from my views of the #ew flar that now
begins to difappear in the Swar’s neck, Which
gave me occafion to infpect fome other parts
of that conftellation, moft parts of which are
well replenifhed with a numerous train of
{mall ftars, Amongit which, fometimes me-
thoughts more have prefented themfelves thro?
one and the fame glafs, and fometimes I have
mift fome 1 thought I before faw: And fome-
times alfo methoughts I have feen them near-
er to, and fometimes farther off thofe ftars that
did conftantly prefent themfelves. But as thefe
things are to mylelf novel, and what I confefy
1 have rather {ufpicions of than certainty, I
fhall refer them to the future obfervations of
myfelf, and others, for their confirmation ;
efpecially becaufe thofe approximations and
recefles of {fome of the little ftars I fpeak -of
fuit not with the oblervations of fome Very ee
minent Aftronomers.

Thefe obfervations as they will open to us
a new and admirable fcene of the heavens (if
it be as I imagine) {o I earneftly recommend-
ed the enquiry into it to fuch as delight in thofe
matters. Ior the doing of which, I conceive
it may be fufficient, and the eafieft cousfe to
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make the obfervations in fome one part of the
milky way, as in fome part of the Swan for
inftance; and 1 would advife that an area of
the heavens may be taken in, containing as
much or a little more than falleth within the
compafs of the telefcope you mie ufe of :
Which was the way I praétifed, and that part
of the heavens, in which I obferved. All the
ftars that fall within this area, an exalt map
muft be taken of, which will thew when any
variations happen. And for taking in the lar-
ger area of the heavens, a glafs of 6 or 8 feet
is fuflicient, and rather better for the purpofe
than longer glafles, which take in lefs, and
are more troublefome in ufing.

Having thusreprefented the ftate of the
univerfe according to the »ew fyflem of it,
the nfual quefiion is, what is the ufe of fo
many plancts as we {ee about the Suz, and fo
many as are imagined to be about the fixt ftars?
"Fo which the anfweris, That they are worlds,
or places of habitation, which is concluded
from their being habitable, and well provided
for habitation.  This is pretty manifeft in our
folar planets, from their being bpake bodies as
our earth s, confifting in all probability of
land and waters, hills and valleys, having at-
mofpheres about them, moons miniftring unto
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thém, and being enlightned, warmed and in
fiuenced by the Sun; whofe yearly vifits they
receive, for feafons; and frequent returns
or revolutions, for days and nights. All which
particulars are fully treated of in the following
book, and need not therefore to be anticipated
here. Only there is one thing, which for
fufficient  obfervations, 1 could not fo fully
{peak of as I would; and that concerning the
feas in the moon, in book 5. chap. 4. Note
(a) whofe very exiftence Mr. Huygens (n)
denies, faying, Marium wero [imilitudinem
illic nullam' reperio. &e. i.e. ' In the moon
¢ I find no likenefs of feas, although Kep?ér
“ and moft others -are of a different opinions
¢ For thofe vaft plane regions, which are
“ much darker than the mountainous parts,
“ and-are commonly taken for feas, and bear
- #¢ the names of oceans y in thofe very places
“ viewed with a long telefcope, 1 find little
 round cavities with fhadows falling within
¢¢ them;. which cannot agree with the furface
¢ of the fea: as alfo thofe very large fields
¢ when carefully viewed, de not prefent us
¢ with a fuperficies altogether equak: Where-
#¢ fore thefe cannot be feas, but are {uch pla-

LY

.(n) ‘Colmotheoros, p. 114.
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ces as confift of a lefs bright matter than that
“ which is in the more hilly parts, but in
“ which alfo there are fome places brighter
than others”” Thus the moft ingenious
M:r. Huygens, who then proceeds to fhew that
there are neither rivers, clouds, air, or va-
pours,

But that there are feas or great colletions
of water, and confequently rivers, clouds, air
and vapours in the moon, I fhall make out
from fome of my own views and obfervations;
many of which were made with Mr. Huygen’s
nyﬁn long glafs before-mentioned : through
which, and all other long glafles, inftead of
imagining the lunar {pots to be unlike feas, I
have always thought them to look more like
feas, than through fhort glafles.

It is true indeed that in thofe fpors we take
to be feas, there are fuch cavities as Mr. Huy-
gens {peaks of, or rather mountains with fhad-
ed cavities in them, as alfo fome parts lefs
dark than others. Thus in the foutherly parts
of the Lunar Euxine and Mediterranean, in
the Sinus Sirbonis, the Egyptian, and divers
other {eas, there are feveral fuch parts that
appear more luminous than others, fome hav-
ing the appearance of rocks and iflands, fome
of large fhallows, particularly towards the

-
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~ fhores, and efpecially in the feas bordering on

the continents, fuch as the great fouthern
continent of the Lunar Egypt and Palefline,
But this is no conclufive argument of thofe
parts not being feas; becaufe they may be feus
having many iflands and fhallows in thems.
But then in other parts, and even in {fome
parts of thefe laft named, the fpots appear
darker, and with but few of thofe eminences
or iflands, thofe brighter or fhallow parts,
Thus the northerly Euxine and Mediterrane-
an, the Palus Maeotis, and many other of
thofe lunar feas; few of thofe parts that have
the afpe& of iflands or fhallows are to be dif:
cerned in them, only one here, and another
there, at confiderable diftances from one ano-

ther.
And in this very manner I doubt not our

terraqueous globe would appear, if viewed at

the moon, or at fome miles aloft. We fhould

there perceive our deep oceans would be of a

darker colour, like the darkeft fpots of the
moon ; and the fingle ifles of St. Helena and
Afcenfion, and the more numerous ones of
Ladrones, Canaries, Azores, &c. to have
the fame appearance that the few fcarter’d

- iflands have in the deeper lunar feas: and our
fhallow feas with their numerous rocks and
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iflands difperfed about them, efpecially to=
wards the continents, would look as thofe in
the moon do.

That a reader unacquainted ‘with the geo-
graphy of the moon, may apprehend what 1
have faid here and elfewhere, concerning the
parts and appearances of the moon, 1 have
reprefented them in #7g. 1o. and 11. In Fig:
0. the face of the full moon is reprefented,
its bright and dark partswith moft of the names
given them by Hevelius, whefe lunar geagra‘-
phy is juftly the moft followed. In Fig. 1r1.
T have reprefented the appearance of the
moon’s edge on this laft Nov. 4. 1714. {oon
after the quadrature, for the explication of
what is faid concerning the evennefs of the
furface of the lunar {pots in book §. chap. 4.
‘note 2. It may be there obferved that the
furfaces of all the feas appear firait and level,
only the top of here and there a rock or ifland
prefents itfelf at a fmall diftance. Thus the
{urface of the Hyperborean {ea between a and
& appears even and level, although through a
cclefcope that fea looks but like a great lake
or marfh. So do the parts of the Mediterra-
nean about d, from 4 to 7, except when they
are interrupted by rocks or land, as they are
ath, gb,andc. At the lalt of which places,




A Plurality of W erlds. XXXVl

begins a ridge of hills encompafling the north-
ern part of the Mediterranean, which makes
a pretty fhew in the telefcope.

And now confidering how accomplifhed the
Moon, and all the other planets are for habita-
tion, how folemn an apparatus in them for this
‘fervice : and confidering alfo that thefe accou-
trements relate to their refpetive planets only,
and in all probability are of little or no ufe to
our carth; with great reafon therefore the
maintainers of the new {yftem conclude thofe
planets, yea all the planets of the Sun and of’
the fixt ftars alfo, to be hbabitable <worlds;
places, as accommodated for habitations, fa
ftocked with proper inhabitants.

But now the next queftion commonly put is,
What creatures are they inhabited with? But
this is a difficulty not to be refolved without a
revelation, or far better inftruments than the
world hath hitherto been acquainted with. But
if the reader fhould have a mind to amufe
himfelf with probable guefles about the furni-
ture of the planets of our folar fyftem, what
countries ’tis probable are there, what vegeta.
bles are produced, what minerals and metals
are afforded, what animals live there, what
parts, faculties and endowments they have,

d
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with much more to the fame purpofe; he may
find a pleafant entertainment enough in the

great Mr. Chriftian Huygen’s Cofmotheoros and
fome other authors that have written on the
{ubje@®. To which I fhall refer him, rather

than give either him or myfelf any farther trou- -

ble about thefe matters, which are merely
conjetural,

Thus having, for the fake of the unfkilful -

reader, ‘given an account of the three fy/Zems
principally concerned in the following book,
and having alfo, for the fake of the doubting
reader, m (ifted more largely than ordinary upon
the two laft of thofe fyftems, little remaineth
for the putting an end to this long preface, but
to make my excufe (if it needs any) for aflign-
ing the diameters and diftances of the heavenly
bodies in Englifth miles, rather than other lar-
ger meafures, which would perhaps have come
nearer the truth, But this was alfo for the fake
of fuch as are not very converfant in aftroro-
mical matters and dimenfions, whq can better
underftand you, when you fay, it is fo many
miles, than {o many degrees, minutes, or fe-
conds, or femi-diameters of the earth, or the
other planets.
And now for a conclufion, T fhall only in-
treat all my readers to join with me in their
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carneft prayers, - that as this work is defigned
for the good of marnkind, particularly for the
conviction of infidels and irreligious, for the
promotion of the fear and honour of GOD,

and the cultivating of true religion, fo it may
have its defired effedt.

W. DEruaM.
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The IxTropucTiIiON.

HE Pfalmift faith, (a) ¢ The heavens de-

clare the gloryof GOD; and the firma-

ment fheweth, ”” publickly declareth, telleth
forth or preacheth his handy-work,as theHebrew
word fignifies ; (b) that ¢ day unto day uttereth
fpeech,and night unto night fheweth,” or telleth
forth, Knowledge. Which language of the hea-
vens is {o plain, and their charaéters {o legible,
thatall, even the moft barbarous nations, that
have no fkill either in languages or letters are a-
ble to underftand and read what they proclaim,
¢ "There is no fpeech nor language where their

d3

(a) Psal. xix. 1, 2, 3. _
(b) Nagad fignificat aliquid verbis efferre, coramnunti-
are, annunciare, Gornad, Kircher, Concord. Col, 226,

Vel, 2, 1t is derived from Neged, coram,ante,




2 The Heavens declare

voice is not heard: their line is gone out
through all the earth, and their words to the
end of the world.”

‘That this obfervation of the Pfalmift is a-
greeable to experience, is manifeft from the
deduétions which all nations have made from
God’s works, particularly from thofe of the
heavens; namely, that there is a GOD; and
that fuch as have pretended to atheifm, and
have deduced God’s works from Chance, &,
are fingular and monftrous in their opinions.
Thus faith Aelian (c) ¢ There never was any
“ barbarian that contemned the Deity, nor
called in queftion whether there be any Gods
“ or no? or whether they take care of human
¢ affairs? No man, neither Jndian, nor Celt,
““ nor Aegyptian ever entertained any fuch
«t thought as Eumerus the Me(fenian, or Dis-
“ nyfius the Phrygian, or Hippo, or ‘Diago-
““ ras, or Soctas,or Epicurus.” Sooneof Pla.
#s’s arguments for the proof of a God, is (d)

-,

£

“¢ the unanimous confent of all, both Greeks

L]

and Barbarians, who confefs there are Gods.”
And Plutarch (e), agreeable to what our P/al-
miff affirms, tells us whence they colleéted this
(¢) Devariis bif}. lib. 2. cap. 31.

(d) De Legibus L. 10,
(e) De plucit, philyf, L, 1. c. 6.
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knowledge of a Deity. “ Men, faith he, began
“ 1o acknowledge a God, when they faw the
“ f{tars maintain {o great a harmony, and the
““ days and nights through all the year, beth
“ in fummer and winter to obferve their ftac-
¢ ed rifings and fettings.” And to pafs over
a great deal of this kind, that I couldcite from
diverfe heathenauthors, “What, /ait) the Stoick
“ in Tully, (f) can be {o plain and clear, as
¢« when we behold the heavens, and view the
« heavenly bodies, that we fhould conclude
¢ there is fome Deity of a moft excellent mind,
by which thefe things are governed! —A
¢ prefent and Almighty God. Which he
“¢ that doubts of, I do not underftand, faith
ke, why he fhould not as well doubt whe-
ther there be a Sun or no that fhines.” And
then he goes on to prove that this can be no
idle fancy depending on the caprice of man,
but a well-grounded fubftantial opinion, bearing
the teft of ages, and confirmed by the length
of time. < For, faith he, time wears out the
“ figments of opinions, but confirms the judg-
“ ments of nature ;” or {uch notions as are
grounded upon the true judgment and nature

-
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(F) Quid enim poteft elle tam apertum, tamque per-
fpicuum, cum coelum fufpeximus, &, De Nat, Deor.
L] :l ri 2-



A The Heavens declare, &ec.

of things. ¢ For which reafon, fzith ke, both
“ among our felves, and in other nations, the
¢« yeneration of the Gods, and the facrednefs
“ of religion augment and improve every day
¢ more and more.’

Thus ¢the heavens declare the glury of
God,’ even to the heathen world, fo manifeft-
ly are they the handy work of God, And that
they are his work, will appear by taking a
view of thefe feven particulars.

I. The magnitude of the heavens.

11. The greatnumber of the heavenly bodies,

11I. Their diftances,

IV. Their motions.

V. Their figures,

V1. Their gravity.

VII. Their light and heat, and the admi-
rable provifions made for thofe benefits,
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BOOK L

Of the MagriTUuDpE of the UNIVERSE,
and the bodies therein contained,

Cuar. L
The Antient and Modern Reckonings compared,

BEFORE the invention of the telefcope,

the univerfe was thought to be confin'd
within far more narrow bounds than it is fince
found to be, the fixt ftars being imagined to be
all placed in the ftarry heavens (which they
called the Firmament) at equal diftances from
the earth (the center) like fo many golden nails
driven in the top of fome arched roof, or other
circular concave, encompafling oureye. Thefe,
although far more narrow bounds, and a more
fcanty reckoning than it fhould be, yet was
{ufficient to fhew who was the maker of fuch
~a flupendous arch, and {o noble a trdin as is,
contained therein.

But according to' the modern reckoning
(which is far the moft rational, and grounded
upon better Phaenomena) we fhall find this
branch of the creation far more magnificent,
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and worthy of its infinite CREAT oR thanthof€
former computations made it.

And how grand and magnificent a ftruéture
the heavens are, will appear by a diftinét con-
fideration of the magnitude of the heavenly

bodies themfelves; and of the fpace in which
they are,

C.moa » I
Zhe MAGNITUDE ¢of the Heavenly Bodies.

Lthough we are not able to give 2 certain

determination of the magnitude of the
heavenly bodics, by reafon of their vaft dif-
tances, yet enough we know, and are fure of
concerning their immenfe magnitudes, to con-
vince any one that they are the works of God.
But to come to particulars.

The meafure by which we ufually gauge
and compare the heavenly bodies, is our ter-
raqueous globe; of whofe dimenfions and bulk
we can make a pretty good eftimate, having
tolerably good and accurate obfervations lead-
ing us thereto : the particulars of which 1
have had occafion elfewhere to fpecify (a).

(a) Phyfico-Theol. B. 2. Ch, 2. In which place I
have made ufe of Mr. Picart’s meafure of the earth. But
sotwithftanding the difference be but finall, viz. alittle
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By thefe obfervations it appears that the
diameter of this our globe is above 79 hun.
dred miles; that confequently its furface is
a good deal above 199 millions of miles, and
its {olid content or bulk near 265 thoufand
millions of miles. 1f therefore we fhould go no
farther from home than our own globe, a mafs
we here have worthy of an infinite Creator, a
work proclaiming that great Being that made it,

But as vaft a body as this {eems to be, itis
much lefs than many, yea moft of the heaven-
ly bodies that are vifible to us, except two or
three of the planets, which feem to be lefs than
our globe, namely Mars, whofe diameter is
reckoned to be but 4875 Englifh miles, and
the Moon, whofe diameter isbut 2175 miles ;
and Mercury, whofediameter is 2748 miles (b);

ahove 32 miles in the whole diameter of our ghle, yet I
Jball make ufe here of our Mr. Norwaod's and Monf.
Cuffini’s meafures, becaufe 1hey agree to almoft a nicety,
and Mr. Caffirt’s were madz (by the French king’s com=
mand) at greater diftances, with the greatell accuracy.
And according to thefe meafures, the diameter of the earrh
is 7967.7 Englifh miles, its furface 199444201 miles,
and its folid content 264856000000 miles.

(b) The number of miles which I have kere, and all a-
long affigned to the diameters of the feveral planets, are
the mean numbers between My, Flamfleed’s in Mr.
Whiften's aflronomical lectures, and Mr. Huyoen's in bis
Syft. Saturn. and Cofinotheor. which (as Mr. Whiflon

ﬁr;.l"}‘ Juggefled to me) faem 1o be neareft the truth. For

nwhereas the rays of light when intercepted by the edge of
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but yet thefe are vaft and amazing bodies too*
Bur for the reft; thereis a good reafon to 1-
magine their bulk exceeds that of our terraque-
ous globe. Thus the two {uperior planets by
far exceed us; Saturn being computed at
93451 miles in diameter, and confequently at
427318300000000 miles in its bulk; and
Fupiter at 120653 miles in diameter, and
g20011200000000 miles in bulk, But yet as
amazing mafles as thefe all are, yet they are
all far outdone by that ftupendous globe of
fire, the Swn; which as it is the fountain of
light and heat to all the planets about it, afford-
ing them, by his benign rays and kindly influ-
ence, the great pleafures and comforts of life ;
fo doth it as far furpafs them in its bulk; its
apparent diameter being computed at 822148
Englifh miles, and its folid content at

a knife or other body, are (as Sir Ifaac Newton chferves
in his Princip. L. 1. Prop. 96.) fomewhat bent, as if
attraited from a flrait line by that body : and whereas
Mr. Flamfleed’'s meafures were taken aith a micrometre
that pinches or clafps the oppofite edges of a planet which
aould incurvate the rays one way; and NMr. Huygen's
were taken with the interpofition of a thin tapering plate
civering the planet as far as the extremity of its face,
which avould caufe an incurvation of the rays the contrary
avay ; therefore Mr. Flamfleed’s meafures are as much too
litrle, as Mr. Huygen’s are too large, and confequently the
ziean betaveen them probably the neareft the truth.
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290971000000000000 miles fuppofing the
face we fee of the Sun to be its true and real
globe. LD

‘Thus ftupendous are the magnitudes of the
globes of this our Solar Syflem. But thefe
are not all, nor perhaps the moft confidera-
ble bodies, of the univerfe. For the fixt flars,
although in appearance but fo many golden or
flaming fpots, yet are with great probability,
fuppofed to be fo many Suns, {urrounded with
their refpective fyftems of planets, as our Sun
1s; and imagined to be no lefs in magnitude,
if not greater, (fome of themat leaft) than our
Sun is, but only diminifhed in appearance by
their prodigious diftances from us.

If now we refle¢t upon the prodigious mafles
of thofe many heavenly bodies that prefent
themfelves to our view,; and many more 1 fhall
fhew are unfeen ; what a furprifing {cene do
the heavens afford us of the great CREATOR’s:
power! A train of fuch immenfe bodies, that
what lefs than an Almighty hand could firft
find matter {ufficient for,  and then compofe,
fuch magnificent works! But yet what is the
magnitude of all thefe bodies to that immen{e

{pace in which they are? 'Which is the nexs

thing to be canﬁdcrci
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Crapr 1II

Of theIMMENSITY q)"?ba heavens,

T is neceffary that I fhould give a diftin&
confideration to the immenfe fpace pofleft

by the heavenly bodies, becaufe it was once
imagined to be limited by the narrower bounds

of the Ptolemaic Syftem by that which they

called the «m»»s. the Starry Concameration, or
Firmament of the fixt ftars, as I have before
intimated ; but now with far greater probabili-
ty, and reafon, it is extended to an indefinite-
ly larger fpace, a fpace fufficient, without all
doubt, to contain all the noble variety of {yf-
tems therein; not only our own of the Suzx,
but all thofe others I mentioned of the fixt
ftars alfo, But for the better proof, and more
eafy apprehenfion of the magnitude of this vaft
expanded fpace, let it be confidered.

1. That fome, if not every one, of thofe
vaft globes of the univerfe hath a motion.
"This is, in fome, manifeft to our fight; and may
eafily be concluded of all, from the conftant
fimilitude and confent thatthe works of nature

have with one another. But in what manner
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thefe motions are performed, whether by the
motion of the heavenly bodies round the earth,
or by the earth round its own axis, or any o-
ther way, it matters not much now to enquire,

2. Itis manifeft that the earth is fet at fuch
a due diftance from the heavenly bodies, and
the heavenly bodies at fuch a due diftance from
one another, as not to interfere, clath with,
or diforder one another, Nay {o great is their
diftance, fo convenient their fituation, that they
do not fo much as eclipfe one another, except

fuch planets as are called Secondary.
3. It is farther manifeft alfo, That thofe

vaft bodies are {o far off, as to appear extream-
ly {mall to our eye, confidering their prodigi-
ous magnitudes. Now for the effetting of this,
or any of the other matters, it is neceflary that
there be a fufficient fpace; and, that there is
fuch, and what that fpace is, we may makea
' judgment of, by confidering particulars, ac-
cording to the beft obfervations we have of
thefe things.

~ And 1o begin neareft home; the neareft
of the heavenly bodies to us, is the Moon;
whofe orb is the leaft of any of the celeftial
| globes, but yetfhetakes upa fpace of near 480
Az
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thoufand Englifh miles in breadth(a)to perform
her revolution ‘in.  And as for the earth, if,
with the moederns, we fuppofe it, together with
its fatellite the Aoon, to revolve round the
Sun; or (which amounts to the fame thing) if
the Sun revolves round the earth, this Mﬂgnw
Ortis, as it is ufually called, isa fpace of a-
bove 540 millions of miles circumference (b),

(a) The Meon’s mean diftance from the ecarth according
o Sir Ifaac Newton's Princip. p. 430. 15 60 Semidiame=
ters one fourth of the earth, according to which the diames
ter of the Moon’s orbit is 479905 Englifb miles. ;
(b) Concerning the diftance between the Sun and the
earth, there is a great difagresiment between the former
and latter Aftronomers, occafioned by the difagreement be-
tween their obfervations of the Sun’s horizontal parallax
(which is equal to the earth’s femidiameter viewed at the
Saw) Tycho making it three minutes, Kepler but one,
Bullialdus 2 minutes, 21 feconds, and Riccioli but 28 fe+
conds. Confequently the diftances arifing from bence are
lefs than thofe of the latter Afironomers. The very
ingenious and accurate Monf. de La Hire in his. Tabul,
Aftron. thinks the Sun’s horizontal parallax to be not ae
bove 6 feconds, and his diftance therefire to be 34377,
Semidiameters of the earth, or 136952807 Englifh miles.
But although his chfervations were made fince, yet I fhall
make ufe of Monf. Caffini’s number :5.#:? deduced from

wery ingenisus and accurate obfervations of the parallax of

Mars, and agreeing nearly with the dztermination of twa
great men, NMr. Flamfteed an! Mr. Hugens, ard Imay
edd Dr. Halley too, avho make it about 10 or 12000
diameters of the earth, That great Aftronomer (Monf,
Caoffini I mean) affigns a number betaveen them, in his Les
Flemens de I’ Aftron. § 37, That the Sun’s parallax be-
ing fuppofed to be 9 one half Seconds, gives the diftance
of the Sun from the earth 21600 femidiameters of the
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or 172 millions of miles breadth. And if to
that we add the increment caufed by the fweep
of the Moon, or the excurfion of her orb be-
yond the Magnus Orbis, we fhall havea fpace
yet broader by near 280 thoufand miles. But
as vaft a {pace as this feems to be, yetit s not
fuch as rto caufe either the earth or Moon to
clath with any of the other celeftial globes,
as 1 have faid; nay {o far from that, that not
fo much as their thade approaches any of them.
In which cafe, what ample orbs muft the three
fuperior planets have? what a {pace is necef-
fary for them and their more numerous Moons
to perform their much larger courfesin? And
accordingly, fuch {paces they and the reft of
the plancts are all found to have: Saturn an
orb of 1641526386 Englifh miles drameter ;
Fupiter an orb of 895134C00 miles; Mars of
262282910 miles; Fenus of 124487114
miles; and Mercury an orb of 66621c00

A3

earth : which are equal 1586051398 Englifh miles. And
imagining the magnus orbis to be a circle(as it is 1ndzed an
ellipfis not much differing from a circle) the double of *hat
wumber is the length of its diameter, viz. 172102795
Englilh miles.

Thefe numbers are different from thofe I have affigned
in my Pylico-Theol. B. 1, ch. 4 Note 5. from a miflake
&t that time.
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Englifh miles () : all of them {paces {o accu-
rately laid out, and diftances fo duly proporti-
oned to their revolutions about the Su#z, that
abundantly manifeft infinite wifdom to have
been concerned in their appointment, as I in-
tend to fhew in proper place.

But now after this account of this {o pro-
digious a fpace as that of our Selar Syflem iss

what isit to the nearly infinite Expanfium occu™

pied by the reft of the heavenly bodies! Of
which we may have a faint adumbration by
confidering the diftances which, with the great-
eft probability of obfervation and reafon, are
afligned to the Fixt Stars. In order to the
making an eflimate of which matter, let it be
fuppofed (which is ufunally allowed) that the
fixt flars are fo many Swzs ; that they are of
the fame, or nearly the fame magnitude as our
Sun is ; and that the difference of their mag.
nitudes arifeth from the difference of their dif-
tances. If fo, then it will follow, That the fixt
ftars are each of them as much farther from
us than the Suz, as their apparent diameters,

() Thefe numbers are deduced from the diflance between
the Sun and earth affigned in the preceeding note, and Sir
dfaac Newtow's . diflances of the planets from the Sun
camputed from their periodsin his Principia L.3. Phaenom.
4. and are, as I bumbly canceive, much more accurate than
etier calculations that I have met with..
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are lefs than that of the Sz (d). And foraf-
much as few of them appear otherwife than
as points even through our beft telefcopes, -
therefore how prodigioufly farther muft they
needs be from us than the Swuz is, to caufe
their appearance to be fo very much lefs than
the Sun? For an example, let us take one of
the fixt ftars fuppofed tobe neareft to us, as be-
ing the brighteft and largeft, namely Syrius, .
Now this, by accurate obfervations () hath
been found to be in appearance 27664 times
lefs than the Swz; and confequently, by the
- foregoing rule, it is fo many times farther off
than the Szz is, which will amount to above
2 millions of millions of Englifh miles. And
if fo, what an immenfurable {pace is the firma-
ment? wherein a great number of flars lefler
and leffer, and confequently (according to the
foregoing fuppofition) farther and farther off,
- are feen with our naked eye, and many more
difcovered with our glafles, and ftill many
more and more with better glafles (f), and in

(d) Compare the fagacious Dr. David Gregory’s dee
monftration of this in his Altron, L. 3. Prep. 56, 6o,
and 61.

(e) See Mr. Huygens in Cofmotheor. p. 137.

(£) In viewing the planets with my longer glafes
[e/pecially the planets of a weaker light] it ofien fulls out
that divers of the fixt Stars, and fome of them very fmall,
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all probability many others that efcape the
reach of our utmolft art to defcry: which may
confcquently be as far diftant from thole we
fee as thofe are from us.

prefent themfelves at the [ame time awithin the glafs,
nolwithftanding its avea is not fufficient to contain beth
Fupiter and bis moft diftant fatellites. By which means
it is [ometimes difficult to diftingui/b between thofe fixt
Stars and the fatellites of the planets. Thus I have

ometimes been ready to fancy that I faw one or more
Satellites near Mars, untill by future obfervations fwr-
ceived they avere enly fome of the telefecopic fix'd Starslymng
in the way of Mars. So about Saturn,[ have often difcern=
edthe ;"zﬁmeﬁ' of many fatellites, but Ll ot Sure I ever
faw above three. From whence itis manifeft, that in all
parts of the heavens there are many Stars which prefent
themfelves to our eye through our ling glaffes, that are
etherwife invifible to us,

C S 8 T

Praltical Dedultions from, and Reflefions
upon the MAGNITUDE of the Heavens,

HA"{«' ING {et forth the prodigious magni-
tude of the heavenly fpace, and of the
bodies therein contained, before we proceed
farther, let us paufe a little, to confider what
influence thefe things ought to have upon us.

And in fhort, who can behold the regions a-
bove, and confider the things therein contained,
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and at the fame time not own themto declare
the glory of God? Who can view that imr
men{urable firmament in which thofe bodies
are, and not acknowledge his handy-work ?
We admire, (as juftly we may) the vaft bulk
of this our own globe: but when we confider
how much it is {urpafled by moft of the hea-
venly bodies, what a point it degenerates into,
and how very little more evenIt, and what we
call its great Orb together alfo, are, when
feen from the heavens, this givesus ajuft and
noble idea of the infinite Creator’s works, fuch
as is worthy of God, and fuch as may makeus
flight, not overvalue this little heap on which
we dwell, and caufe our thoughts and defires to
foar among the heavenly glories. But for an
application of thele confiderations, let us hear
Seneca’s reflections upon the marter (g), who
on this account recommends virtue, not purely
¢ becaufe it isa noble thing in its own nature;
¢ and a great blefling'to be free from evil,
¢ butalfo becaufe it enlargeth the mind, and
¢¢ prepares it for the knowledge of heavenly
things, and makes it fit to aflociate with
God (h).~~"Then, fuith he, the mind hath
“ the confummate and full good of our hu-

-

4

-

(g) Nat, Quaeft. L. 1. Praefut.
(h) Qui in confortium Dei veniat.
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man f{tate, when having conquered all evil,
it foars aloft, and wandering among the ftars
above, it is able to deride the ftately ftruc-
turesof the wealthy, and all their riches,---
Neither, faith be, can it contemn the porches
and roofs fhining with ivory, the clip’t
groves, and the pleafant ftreams conveyed
to their houfes, until it hath wandered
throughout the world, and from above look-
ing down upon this little glebe, covered in
a great meafure by the fea, and, where
not {o, {lovenly, and either burnt up in
one part, or frozen in the other, it then
faith to itfelf, Is this that little point that is
divided among {o many nations by fire and
fword? Oh how ridiculous are the bounds of
mortals,” when this river divides this na-

tion, that mountain boundeth another, and that
defart another ? For as for this world, faith he,
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It is a point in which ye fail, in which ye
war, in which ye difpofe of kingdoms. But
above, are vait {paces, into the pofleflion
whereof the mind is admitted, on condition
it hath brought but little of the body along
with it, that it hath cleanfed itfelf from eve-
ry filthy thing, and being difengaged from
the world bath made itfelf illuftrious, by
being expeditious and light, and content




Chap. 4.  SeNEcA’s Refleions, 19

¢ with little things, When fuch a mind,

<« faith he, hath touched thofe celeftial re-

¢ gions, it is then nourifhed and grows; and
“ as if delivered from its bonds, it returns
“ 1o its original f{tate. And this argument it
hath of its divinity, that it delights in divine
‘¢ matters, and is conver{ant with them, not ag
¢ things ftrange, butitsown. There it {ecure.
ly beholds the rifing and fetting ftars, their
¢ different courfes, &*c. There this curious
¢ {pectator difcufles every thing, and fearches
« outevery thing. And indeed what fhould
¢ jt do but pry into thefe matters, fince he
¢ knows they belong to himfelf? Then he
¢ contemns the narrow bounds of his habita-
¢ tion in this world And here at laft he
¢ learns what he hath long enquired after
There he begins to know God (i).”

"y
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(i) Illic incipit Deum nofle,
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The great NUMBEE of tha Hcaw.nly bodms.

CHAP "

A general View qf' fﬁf INUMEERS af fée'.
Heivenly Bodies, |

H A VIN G in the preceeding book giv-'
en a demonftration of God from the
magnitude of the heavenly bodies, 1 fhall do
the fame in this from their #umber ; a number:
fo great, that we cannot view and confider them-
without aftonithment. Were there no more of
them than the Sun, and the planets (both pri--
mary and fecondary) fuppofed to move about
him, there would be a number fufficient to
manifeft an Almighty and wife CREATOR.
But when we view the heavens, and fee our
felves furrounded with fo prodigious a number
of illuftrious bodies, of various magnitudes;
when we go to the other parts of this our globe,
from the northern, fuppofe to the fouthern pole,
andt here difcover a great multitude of other
ftars that were never feen in our hemifphere :
when we perceive the heavens thick be fet with
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them in every place; and when (as I already
hinted) we view the heavens with our glafles,
and difcover many more than our naked
eye could reach; and when we again view
them with better and better inftruments, and
ftill difcover more and more of thofe ftarry
globes; when particularly we furvey what
they call the Mi/ky-way, and fze the prodi-
gious number, I may almoft fay clufters of
ftars, that fill that region of the heavens,
and caufe that remarkable whitencfs there: T
fay, when we fee fuch prodigious numbers of
thofe heavenly bodies, which noart of man can
number; and when we farther confider, that
in all probability we do not fee the half, nay
perchance not the thoufandth part of what the
heavens do contain; as we cannot but be ftruck
with amazement at {uch a multitude of God’s
A glorious works, fo we cannot but own the

E great CRE AT O R inthem; and weare
worfe than men, if we do not give him his
due praifes,

B
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That the fixt Stars are Suns encompaffed with
Syflems of Planets,

Ltrougn the number of the erratic

and fixt heavenly bodies we fee are fuf-
ficient to {er forth the exiftence and praifes of
their great CREA'TOR, yet there is one
thing more that I cannot eafily pafs over
(though it hath only high probabilities for it)
becaufe it gives us a far more noble and agree.
able idea of the creation, than the world wag

ever, that we know of, acquainted with.before;

and that is, That the beft and moft learned mo-
dern Aftronomers do generally fuppofe the great
multitude of fixt ftars wefee, or imagine to be
in the univerfe, tobe fo many Suzs, and each
of them encompafled with a {yftem of Planess
like our Sun.

And that the Fixs Stars are Suns, or of
much the fame nature as our Sun, there is

great reafon to conclude,
1. Becaufe they are bodies no lefs immenfe

(as I have faid) than the Sun, but only dimi-
nithed in appearance, by their prodlgmus dif:
tances from us,

|
|
|
|
:
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2. Becaufe they fhine by their own native
light, nor by any borrowed from the Sun, For
fo great are their diftances from the Sun, and
from us alfo, that it is not poflible their light
fhould be received from the Sun, and refleéted
to us, as that of the Moon and other planets is.
And withal, {o brifk and vivid is their light,
and fo very fmall their apparent diameterss
when divefted of their glaring rays, and made
to have their true appearance through our tele-
{copes, that no queftion is to be made, but
that they fhine by their own innate light, as
our Sun doth.

And if the fixt Stars are fo many Suns, cer-
tainly they minifler to fome grand ufes in the
univerfe, far above what hath ufually been
attributed unto them. And what more pro-
bable ufes, than to perform the office of fo
many Suns ? that is, to enlighten and warm as
many fyftems of plancts;- after the manner as
our Sun doth the erraticks encompatiing it.
And that this is the ufe and office of the fixt
ftars is probable,

1. Becaufe this is a far more probable and
fuitable ufe for fo many Suns, fo many glori-
ous bodies, than to fay they were made only

to enlighten and influence our lefler, and L
B 2
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may fay inferior, globe; which another Moon

or two, or one or two of thofe very Suns fet
nearer to us, would have better done, than all
the whole train of heavenly bodies now doth.
But inftead of this, many of them, nay per-
haps the greateft number of them are at
fuch immenfe diftances (as fhall be fhewn un-
der the next head) that they are out of the
reach of our naked eye. In which cafe, what
ufe is it likely fuch great numbers of fuch im-
menfe, unfeen, far diftant bodies can be to
our world, when there are {o many already of
divers magnitudes of thofe that fall under view,
that (befides other much greater ufes they may
ferve unto in the univerfe) do minifter to our
help and comfort here upon earth, in fupply.
ing the abfence of the Sun and Moon by
night ?

2. From the parity, and conftant uniformi-
ty obfervable in all God’s works, we have great
reafon to conclude that every fixt ftar hath a
fyftem of planets; as well as the Sun. For
it is certain that the Sun is a fixt ftar to the fixt
ftars, as they are to the Sun. And in this cafe,

if (as the juftly renowned Mr, Chriftian ()

(}) Cofmstbeorasy p. 133

- i
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Huygens argues) ““ we fhould imagine our-
“ {elves to be placed fomewhere in the heaven-
“ ly regions, as far from the Sun as from the
““ fixe ftars, we fhould then perceive no dif-
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ference between the one or the other, For
it would be very unlikely that we fhould
fee any of the folar planets, either by rea-
fon of the diminifhing of their light, or be-
caufe their orbs would fink into the fame
lucid point with that of the Sun. Being
then fo placed, we fhould imagine all thefe
ftars (both Sun and fixt [lars) to be much
of the fame nature and kind; and from a
view of any one of them nearer to us than
the reft, we thould make our judgment of
them all.  And now being, faith ke, by the
favour of God, admiited {o near one of
them, namely the Sun, as to fee fix leffer
globes revolving round about him, and other
Secondary ones revolving round fome of
them: why ought we not to have the fame
judgment of the reft of thofe Suns, as of
this, and think it altogether probable that
this is not the only ftar of all the nuirber
that is encompafled with fuch a train, or in

any refpeét cxcelﬁ the reft? Neither alfo
3
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¢ that this ftar alone revolves round its own
¢ axis, but rather that all the reft have fome.
¢ what of the fame kind alfo.” And f{o that
learned perfon goes on in the further purfuic
of his ingenious argument, |

3. Befides thofe firong probabilities, we
have this farther to recommend thofe imagina-
tions to us, that this account of the univerfe is
far more magnificent, worthy of, and becom-
ing the infinite CREATOR, than any o
ther of the narrower fchemes. For here we
have the works of the creation, not confined
to the more fcanty limits of the orb, or arch of
the fixt ftars, or even the larger {pace of the
Primum Mbbile, which the antients fanfied
were the utmoft bounds of the univerfe, but
they are extended to a far larger, as well asmore
probable, even an indefinite, fpace; aswas fet
forth in the firft Book.  Alfo in this profpeét
of the creation, as the earth is difcarded from
being the center of the univerfe, fo neither
do we make the ufes and offices of all the glo-
rious bodies of the univerfe to center therein -
nay in man alone, according to the old vulga;
opinion, that a// things were made for man (k)

(k) Sez Phyfico-Theol, B. 2. c. 6. N, 1.
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But in this our {cheme we have a far more ex-
tenfive, grand, and noble view of God's works ;
a far greater number of them; rot thofe alone
that former ages faw, but multitudes of others
that the telefcope hath difcovered fince; and
all thefe far more orderly placed throughout
the heavens, and at more due and agreeable
diftances, and made to ferve to much more
noble and proper ends : for here we have not
one {yftem of Sun and planets alone, and one
only habitable globe, but myriads of fyftems,
and more of habitable worlds (1), and fome e-
venin our own folar fyftem, as well as thofe
of the fixt ftars. And confequentlyifin the Sun
and its planets, altho’ viewed only here wpon
the earth at a great diftance, we find enough
to entertain our eye, to captivate our under-
ftanding, to excite our admiration and praifes
of the infinite CR E AT OR and Contriver
of them; what an augmentation of thefe gle-
ries fhall we find in great multitudes of them!
in all thofe fyftems of the fixt ftars through-
out the univerfe, that I have fpoken of, and
fhall have occafion to mention again in the
next chapter!

(1) See the preface, p. 204



(28l
L HIATE:: 1L

Of New Stars.
BEs 1pES the planets of our folar {yflem,

and the wonderful number of fixt ftars,
there are fome others, which are called New
Stars, which fometimes appear and difappear
in divers parts of the heavens, and will deferve
a place here.

Some of thele new ftars have been taken
notice of as early as Hipparchus’s time, whe
¢ feeing fucha new flar, and doubting whether
“ it often happened, and whether the ftars we
« take to be fixt were fo or no; he therefore,
¢ (as (m) Pliny tells us) fer upon numbering
¢ the ftars for polterity ; a difficult tafk, Ae
¢ faith, evenfora god: and by proper inftru.
« ments he marfhalled them in fuch order,
¢ that their places and magnitudes might be
¢ known: by which means it might be eafily
« found, not only whether they decayed and
perithed; or were again renewed; burt alfo
¢ whether any of them changedtheir places, or
had any motion, as alfo whether they increaf-
ed or decreafed.”” Thus Pliny.

-

LY

fomy

(m) Plin. Nut. Hift, L. 2. c. 26,
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Since which time many other fuch new ftars
have been taken notice of by others. To pafs
by the new ftars in Hadrian's, Valentinian’s,
Honorius’s, and Otto’s times, 1 fhall name
only fuch as have been more lately taken no-
tice of by men of good judgment in thefe mat-
ters; fuch were thofe new ftars obferv’d by
Tycho Brahe, David Fabricius, Janfon, Bayer,
Kepler, Marius, Byrgius, Holwarda, Heve-
lius, Montanari, Bullialdus, Caflmi, our Mr,
Flamfteed, and {ome others (n) to which may
be added a New Star that appears at this very
time I am writing, in the neck of the Swan;
the fame in all probability that hath been feen
before by Mr. Kirch, (0) in 1687, and 1688,

(n) For a catalogue of thefe and other new Stars,
thz conflellations in mﬂi'wfr they appeared, and other matlers
relating to them, I fhall refer 10 Riccioli’s Almageft.
Lfﬁ. B- §l- 2. L‘.‘,‘."P_ 1. HWEIIE Prﬁ'drﬁfﬂm i Er'.” d:ﬁf';f}fjﬁﬂ
of the comet in 1665, p. 433. the appendix to Mercator’s
Aftron. and Mr. Lowthurp’s Abrig. vol. 1. p. 247
(@) fn the Mifcellanea Berolinenfia, p. 210. Mr.
Kirch, ﬁu’fﬁ .-5:,ﬁ:r [ome time, ﬁrp“gﬂ'}f this Star in vain,
but at laft on Auguft 6. N. S. 1637. he found it with
the help of an 8 foot tube, but very finall, and that it
grew bigger and bigger, fa as on October 23, to be feen
with tﬁfgﬂﬁﬁed qye:ggmrhéuﬂir{g arrived to its greateft
magnitude, it again became lefs and lefs, and at l8ft 1n-
vifille even in a telefcope. By frequent obfervations he
difcovered its motion to be very regular, and its period re

be 404 and & half days,
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and perhaps by Bayer before, asalfo Heveli-

us and others,

Of thefe New Srars, there is reafon to.
imagine there may be many, by reafon they
are not confined to one part of the heavens,
but appear and difappear in divers conftellati-
ons, and divers parts of thofe conftellations, as
in Cafliopeia, the Swan, the Great Bear, An.
dromeda, Eridanus, the Whale, the Ship, and
divers other parrs of the heavens.

What thefe New Stars are, is hard to de-
termine. Metesrs they cannot be, becaufe
they are of a long continuance, and much too
far off, for bodies that emit fo little light as
Meteors do, to be feen by us. And as for o
ther opinions about them, they are too many,
and too frivolous (fome of them) to be named
(p) except one or two of the moft probable.
Among which, one is of fome that think they
may be fuch Stars as have one fide darker than
the other, as one of Saturn’s fatellites is fup-
pofed to have, and fo appear only when the
bright fide is turned towards us, and difappear
as the darker takes place. Some think they

-
(p) If thereader hath amindts feea variely of thefe
a_prmrras, he may f f nd them largely enough handled in Riccioe
Ii's Almageft, ubi fupra ¢, 17.
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may be fixt Stars that expire in light and va.
poursand (q) are again rekindled, and re-
cruited by the accefs of comets. Others take
them to be comets themfelves. But if T may
be admitted to fpeak what was formerly my
own opinion, 1 rather took them to be Erra-

tics of fome kind or other; and that for thofe

reafons:
1. From {ome of them, as I thought, feem-

ing to change their places, and appearing
fometimes farther off, and fometimes nearer
unto other Stars: as I have f{aid in the pre-
face.

2. From that increafe and decreafe of their
light and magnitudes which is conftantly obferv-
ed in them ; they being at firft obfcure, and
hardly difcernable, but by degrees growing
bigger and brighter, till fome of them equal
the light of #enus; and others the light of the
fixt Stars, of the firft, fecond, and third mag-
nitudes: and then again as gradually grow
lefs and lefs till they utterly difappear,

3. From their Periodical motion and return
after a certain time. 'This indeed hath not

(q) This is what Sir Ifaac Newton furmifes in bis
princip. L, 3. prop. 42.
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been fo carefully and judicioufly taken notice
of asit deferves, or foas ro bring their periods
under certain determinations ; but yet in fome
of Hevelius's and Caflinis’s obfervations, it
hath been difcovered that fome of the fame
ftars have returned, as particularly that in the
Whale’s Neck, and that which now appearsin
the Swan’s Neck, which as I juft befire
(Pag. 29) {aid, hath a period of 404 onchalf
days, according to Mr. Kirch’s obfervations.

Thefe were tny reafons for fufpecting thofe
New Stars to be Erratics, rather than Fixt
Stars either recruited, or having dark and
Yight fides.

But the grard difficulty is, what kind of
Erratics they are, whether Z#andering Suns,
or Planets (like ours) of other fyftems? That
they thould be /#andering Suns, is fomewhat
odd toaffert: and of what ufe they fhould be,
is hard to imagine, fince there is nothing of
this kind in the univerfe, that we know of),
that may aflift our imagination.

And as to the latter opinion, I confefs
have been much inclined to fufpet that they
might be Planets revolving round fuch Suns,
ascaft a much fiercer and more vigorous light
than our Sun doth ; and thatthefe their planets
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might be more denfe than ours, and have fur-
faces more {trongly refle&ing light, and perhaps
be much larger too. But notwithftanding that
Planetary reflefted light may be fent to very
great diftances by thefe means, yet without
extravagant {uppofitions of this nature, it may
be doubted whether it would reach us, {o far off
as the fixt ftars are. And befides this, another
doubt is, That although there are divers flars
near thofe new ftars, of greater magnitudes than
any of thofe new ftars are, which I ever yet
have had the fortune to fee; yet I can fcarce
think them big enough, to conclude them to
be the Suns about which thofe new Stars (if
planets) move, And therefore being uncer-
tain what to determine in fo intricate a matter,
I fhall leave it to future better obfervations
(which the late long dark weather hath hindred
me in the profecution of) which I hope may af-
ford us fo good light, as may lead us into a much
greater knowledge of thofe rare Phaenomena,

- But whatever thofe new ftars are, they are
a farther demonftration of GOD’s power and
glory : and that there are many more of the
grand works of the creation than what our eyes

behold at all, or that we have only now and
C
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then a glimpfe of. Butif they are planets
of other fyftems, fome of thofe Erratics re-
volving round fome of the fixt ftars, then do
they lay open a {lill more glorious fcene of
GOD’s works, and give us fuch a reprefenta-
tion of the ftate of the Univerfe, that the
world never dreamt of before, and that even
angels themfelves may be amazed at the fight
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Book III.

The due Situation of the Heavenly
Bodies.

GCiaTs ¥ L

Of the due uswell as great D1sT ANCE of the
Heavenly Bodies. .
HAVE before taken notice of the immenfe
diftance of the heavenly bodies, that it is fiich
as makes thofe vaft bodics the fixt Stars (no
lefs in all probability, as I faid, than the Sun
itfelf ) to degenerate into fo many points, yea
to efcape our eye; nay more than this, thatit

- caufeth even our own Great Orb which our

earth defcribes about the Sun, to fink into al-
moft a point, oratleaft a circle of but a few
feconds diameter. I thall therefore fay no
more on thatmatter. But that which I fhall fpeak
of in this book, is the due proportion of the

diftances of the heavenly bodies, that thé}r are

not fet at random, like a work of chance, but
placed regularly, and in due order, according
to the beft methods of proportion and contriv-
ance, Which will be manifeft from the fol-
lowing chapters, which will thew that the dif-
tance is fuch, that none of the giobes interfere

C 2
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with one another : but inftead of that, are in
duae and the moft nice, commodious proporti-
on. "

HIF - T P {
T lat none of the Globes of the Univerfe tnter=

cré,

A D the Univerfe been the work of
chance, or any thing bur of a wife Ar-

chitect, there would have been a great many
blunders and inconveniences in the fituation
of fuch a prodigious number of immenfe globes,
as the Univer{e doth contain. Some would have
been too near, fome too far off, fome would
have met with, knock’d and flop’d one the
other, and fome would have {o interfer’d as to
have incommoded the other, fome way or other.
Butinftead of this, every globe throughout
the whole creation is, as far as it is poflible for
us to obferve, fet at fuch a due diftance, as
not only to avoid all violent concourfes, but
alfo {o as not to eclipfe or fhade one the other,
wherever it may be prejudicial, or indeed not
ufeful and convenient, or {o as to hinder one
anothers kindly influences, or to prejudice one
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another by noxious ones, This is very mani=
feit in our own fyftem of the Sun; and be-
caufe we fee it not otherwife, we may conclude
it to be fo in all; unlefs we fhould make fome
exception for what is fufpeéted (and indeed
only fufpe@ted) of Comets, which in their ap-
proaches towards the earth, -are imagined to
caufe difeafes, famines and other fuch like
judgments of God. But this is only furmife,
and what befals the world at other times, with.
out the vifible approach of any comet. But
however,{uppofing thatas Comets move in Orbs
very different from thofe of the other heaven-
ly bodies, fo their effe¢ts and influences may
be as different ; yet this may be, and no doubt
is (becaufe it may be proved) with the concur-
rence, and by the appointment of the divine
Providence ; who, as Governor of the world,
might make fuch noxious globes to execute his
juftice, by affrighting and chaftifing finful men,
at their approaches to the earth; and not only
fo, but (as fome have imagined) to be the place
of their habitation and torment after death.
But fuppofing it to be fo, yer herein is a kind
providence manifefted, That their returns to

C3
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the earth are but feldom (), ‘and their flays
fhort, and that they take up many years in
pafling the reft of their Orbs.

And now whether we confider the due fitua-
tion of the greateft part of the heavenly bodies,
whereby neither they, nor their influences
do interfere; or the more unufual pofition
and motion of Comets, ftill it appears thara
wife and careful archite@ was the contriver and
orderer of itall : elpecially if we join what
follows in the next chapter.

(a) There having of late been great expectations among
Jome, of a Comet appearing this year 1718, it may gratify
their curiofity to take motice, in this place, of the three Coe
mets, whofe periodsave imagine, are difcovered, by the great
fagacity and application of our modern Affronamers, The
revolution of the firfl of the three, is [uppsfed to be per-
formed in 75 yearsy and to have been the fame Comes thet
appeared in the year 1682.  The [econd is fuppofed to be
the Comet tbat was feen in the year 1661, and to revelve
round 129 years. And the third is imagined to be
that Comet which appeared in 1680 and 1681, whsfe
period is §75 years. And according to Mr. Whiflon’s
determinationsy the firlt of thefe three Comets will apain

appear in the year 1758, the fecond in 1789, and the
hird and lafl not ti¥l abeut the year 2255 |
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Of the nice Proportions of the Diftances of
| the Heavenly Bodies.

- A S itis one great demonftration of the in-

genuity and {kill of an architett to give
due proportions to his work; fo we find this
to be abundantly manifeft in all thebodies of
the univerfe that fall under our cognizance:
among which we may difcern a curious order,
and: that due and nice proportions are {trictly
obferved in their {itvation.

How the fixt Stars are fituated in refpeét to
one another, is impoflible for us to determine
at fuch prodigious diftances as they are from
ns; but they look to us, who can have no regu-
Jar profpet of their pofitions, as if placed
without any order : like as we fhould judge of
an army of orderly, well difciplined foldiers,
at a diftance, which would appear to us in a
confufed manner, until we came near and
had ' a regular profpeét of them, which we
fhould then find to ftand well in rank and file.
So doubtlefs, if we could have an advantageous
profpect of the fixt Stars, we fhould find them
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very commodionfly, and well fet in the firma.
ment in regard of one another. And this we
have great reafon to conclude from the rules
of parity, from that conftant harmony, and fi-
militude obfervable among all the works of the
creation, which fall under our cognizance:
particularly this is evident in this region of the
Univerfe, to which we belong, and which we
have a better profpet of, and can furvey with
our inftruments, 1 mean the {yftem of the Sun.
In this we find every body placed in good or-
der, and atdue diftance, according even to
the niceft rules of proportion. | |

For theevidtion of this matter,let us(according
to the molft received and rational Hypothefis)
fuppofe the Sun placed in the center, to influ-
ence all his planets with lightand heat, Then
follow the feveral planets, furrounding him;
not one_here, and another there, at all adven-
tures, in arude manner, like a work of Chance,
but at due diftances from ‘the Sun; at
proper diftances from one another; and in
fuch well adjufted “proportion of their velo.
cities and gravities, as makes the fquares of
their revolutions in proportion to the cubes of
their diftances, = And this is what is difcernible
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in the whole folar fyftem; not only in the pri-
mary planets that revolve round the Sun, but
in the fecondary planets alfo, that revolve
round Them. ‘Thus it manifeltly is in the
five Moons that accompany Saturz, and the
four accompanying Fupiter. And a moft fa
gacioys contrivance this is, manifefting the
prefence and conduét of the CREATOR, in
thus chufing this proportion I fpake of, rather
than any other. For fhould the power of
gravity (for inftance) have been {o conftituted,
as to decreafe in the proportion of the cubes
(inftead of the {quares) of the diftances reci-
procally ; although it might be poflible to ad-
juft a velocity, and I may add, a direétion too,
fo as to make bodies defcribe perfeét circles,
yet the leaft excefs or defedt of velocity or the
leaft obliquity of the direction, would make them
defcribe fpiral curves, either afcending in in-
Jinitum, or elfe defecending to the center. And
fuppofing the orbs (in which thofe bodies move,
and which are fuppofed, as I faid, to be made
in proportion of the cubes) to be perfeély
circular, the leaft adventitious force, evenbur
of an atom, abating or increafing the velocity,
or changing the direction, would bring on the
aforefaid inconveniencies, And if the great
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CREATOR and contriver of theUniverfe hath
thus wifely modelled, and cautioufly methodi-
zed this part, this fyftem of it where we live,
and behold the thing, no great doubt can be
made but that he hath done the fame in the
other {yftems thereof alfo; that every fyftem
is fetat a due diftance from one the other, and
every body in each fyftem at its due diftance
alfo from their Sun, or fixt flar,

And now who can refle& upon thefe things,
and not perceive and admire the hand that a&-
eth in them, the contrivance and power of an
infinite workman! For where we have fuch
manifeft {trokes of wife order, counfel, and
management, of the obfervance of mathemati--
cal proportions, can we conclude there was any
thing lefs than reafon, judgment, and mathema-
tical {kill in the cafe ? or that this could be ef-
fected by any other power, but that of an intel-
ligent Being who had wifdom and power fuffici-
ent for fuch a work: according to the reafoning of
the Stoick in Cicero, who pleads thus (r)  If
¢ thou fhouldft {ee a large and fair houfe, thou
¢‘couldfl not be brought to imagine that houfe was
“ built by the mice and wecefles, although thou

(r) Cic. de Nat, Deor. L. 2. ¢ G.
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¢ fhould(t not fee the mafter thereof; fo ( /aith
¢ he)would(t thou not think thylelf very plain.
“ ly to play the fool, if thou fhouldft imagine
¢ foorderly a frame of the world, fo great a
¢ variety and beauty of heavenly things, fo
¢ prodigious a quantity and magpitude of
¢ fea and land to be thy houfe, thy workman-
¢ fhip, and not that of the immortal Gods!”
And fo when we fee fuch good order, fuch
due proportions in this region of the Univerle,
and have good reafon to conclude the fame
may be throughout the whole, can we, with-
out great violence to reafon, imagine this to
be any other than the work of God?
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BOOK 1V.

Of the MoTioxs of the HEAVENS.
Cuaarltl

That the bare Motion of the Heavens and
Earth are a Demonftration of God.

IN treating concerning the motion of the
heavenly bodies, it will be neceffary to take
in that of the earth too, it being not eafy to
fpeak of one without the other. And here
there are two things that are manifeft demon-
ftrations of the prefence and management of
GOD, namely, that fuch bodies fhould move
at all, and that their motion is fo regular.

1. That all thofe vaft globes of the univerfe
fhould have a motion, muft of neceflity be
from fome being that had power enough to
put them in motion. For as La&antius well
argues (amé There is indeed a power in the
‘¢ Stars,” (and the like may be faid of the
reft of the globes) of ¢ performing their mo-

(a) Laffante Divin, Inflit. L. 2. ¢. .
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tions, but that is the power of God, who made
and governs all things, not of the Stars them-
felves that are moved. ”  For it is impoflible
for fuch lifelefs, dull, unwieldy bodies to move
themfelves, but what motion they have, they
muit receive from f{omething elfe able to move
them.

Now this fome will fay may be effe&ted by
the Fortices furrounding the Sun, the earth,
or-other primary mover (b); or from a ve&o-
rial power or emanations of the Sun, (c) or o-
ther the like primary movers carrying about
and puthing on fuch bodies as move about
them. But allowing that it is poflible it might
be fo, yet flill we muft recur to fome Fir/2
Mover, fome Primary Agent, who was able
to fet that principal mover into motion : and
then the cafe amounts to much the fame, and
the argument hath the fame force, whether we
attribute the motion of one, or all the feveral
globes to the power of GOD. For in our folar
{yftem, for inftance, if it fhould be thought
that the fix primary planets revolving round the
Sun, received their motion from his revolution

D
(b) This was Cartes’ notiony and of others ling before

him.

(c) This was Kepler’s Scleme.
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round his own axis; yet let us think (as Plato
“ argues) (d) how it is poffible for fo prodigi-
¢ ous a mafs to be carried round for fo long a
¢ time, byany natural caufe? For which rea-
«« fon (faith he) I aflert God to be the caufe,
¢ gnd that it is impoflible it fhould be other-
wife” Thus Plato: whofe argument is
undoubtedly good, fince, as Ariftotle argues (¢),
“ Every thing that is moved, muft of neceflity
¢ be moved by fome other thing; and that
¢ thing muft be moved by fomething that is
¢ moved either by another, or not by another
“ thing. 1f it be moved by that which is mov-
¢ ed by another, we muft of neceflity ( faith
¢« he) come to fome prime Mover, that is not
¢ moved by another. For it is impoflible that
¢ what moveth, and is moved by another,
¢ fhall proceed 72 infinitum.”

And vow therefore, if in our folar fyftem,
we fhould imagine the Moon to be wheeled
about our earth, by the motion and ve&orial
- power of the earth ; and the moons about Se-
turn and Fupiter by the motion and ve&orial
power of thofe planets; and all the primary

£

Py

(d) PraTo in Epinom,
(e) Ariitot. Phyfic. L. 8. c. s,

=
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planets to be turned round about the Sun by
the power of the Sun, yetat laft we muft find
out a mover of the Sun itfelf, and thofe o-
ther primaries: a caufe of fufficient power to
wheel about thofe prodigious mafles, of fuch
vaft bulks, as have before been afligned to
them, and which, befides their own weight,
are, according to the former hypothefes, clog-
ed and encumbered with the vis inertiae of all
thofe planets whether primary or f{econdary,
or both, which theydrive round. And if this
~ was the cafe, what power can be found fuffi-
cient for this work, but that of the fame in*
finite hand that at fir{t gave them being !

And fo for all the reft of the moving bodies
of the Univerfe, fuch as Comets, the new
Stars before {poken of (w) and the {low mo
tion of the firmament, or fixt Stars in 25920

(x) years. This latt% 1 fhall fay no more of,
2 |

- (w) Book Il. chap. 3.

(x) Ptolemy made this motion to be one degrae in 100
years, But others fince make it to bemore. Mr, Street,
in his Caroline tables, makes it 1. gr. 20 minute; : Hes
velius 1 gr. 24 minutes. 46 feconds. §O thirds : bup
Mpy. Flamfteed agrees Ricciol’s numbers to come neareft
the truth, viz. 1 gr. 23 minutes, 20 feconds. in 100
years, or §0 feconds in & year. According toawhich rate
the motion (called the Platonic'gear) is accomplifhed in
25920 years.
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becaufe it may not arife from any motion of the
firmament it{elf, but from fome other caufe(y).
But for Comets, what power but that of the
Almighty could give them fuch prodigious
projeftions, as their trajectories or orbs are
found to have? Orbs that run into fuch amaz-
ingly long ellipfes as approach to Parabola’ss
that ’tis wonderful how their projeétive force
fhould carry them to fuch immenfe diftances,
and their gravity at the fame time bring them
back and incomparably retain them in their
orbs.

And {fo for the new Stars, which I have
faid are fo many fignals of planetary fyftems
difperfed here and there all over the Univerfe,
they are all of them fo many manifeftations
and demonftrations of an infinite Being that
hath imparted motion unto them: and they
are a fign alfo that there are other globes be-
fides the Sun and its planets, which are moving
bodies, even that all the globes in the Uni-
verfe are fuch, and confequently fo many

proofs of an Almighty firft Mover.

) Sir Ifzac Newton demonflrates how this may arife
from the Sphaeroidal figure of the earth, Princip., L. 3.
Prop. 21, et L. 1. Prop. 66. Coral. 20, See the matter
#!fo marr eafily demonftrated in Dr, Gregory's Aflron. L, 1.4

Prop. 64,
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Thus the bare motions of the earth, and
of the heavens are fo many arguments of a
Divine power therein concerned. But we fhall
moreover find an infinitely wile, as well as
Almighty power herein tranfadting, by what
follows in the next chapter.

C HA Y I

The great Regularity of the Motions of every
Globe,

}{ AV 1IN G in the preceeding chapter

fhewn that the giving niotion to fuch im-
menfe, lifelefs globes, is the work of God,
we (hall find much greater demonitiration there-
of if we confider that thofe motions are not at
randomn, ininconvenient lines and orbs, but
fuch, as thew wife « efign and counfel, I fhall
here {pecity but two examples, becaufe I fhall
have occafion to fay more of this matter here-
after. Oneis, 'Lhat all the Planets fhould
(when their motions were impreft upon them)
have their direftions or tendencies given, not
in ‘ines tending from the center to the circum-
ference, or very obliquely, but perpendicular

D3
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to the Radii. The other is, That the motions
and orbits of the planets fhould not interfere
with one another, but tend one and the {fame
way, from weft to eaft, and lie in planes but
little inclined to one another, or when inclined,
that it fhould be very beneficially fo, asi
thall hereafter thew. Thefe and many other
inftances, and in a word, that every planet
fhould have as many, and various motions,
and thofe as regular, and well contrived and
ordered, as the world and its inhabitants have
occafion for, what could all this be but the
work of a wife and kind, as well as emnipo-
tent CREATOR, and OrpERER of the world’s
affairs 7 A work which is as plaina fignal of
GOD, asthat of a clock, or other machine is
of man, Thus Tully’s Stoick (a) argues our
prefent cafe from the fhepherd at Adtium,
when from the top of an hill, he happened at
firft to fce a fhip failing in the fea, he was for
a while in great amazement, and furprize, to
fee fuch a moving inanimate body, and could
not imagine of what a narure it was poflible it
fhould be, until he perceived, by fome tokens,
that it was made and managed by man, *“ So,

(2) De Natura Deorum L. 2, €. 35.
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“ faith he, the philofophers ought to have
« done, if haply they had any doubts at the
« firft view of the world: afterwards when
¢ they fhould behold its determined and equal
““ motions, and all things managed by eftabli-
¢ fhed orders, and with immutable conftancy;
¢ they ought then to underftand that there is
¢« not only fome inkabiter in this heavenly, this
¢« Divine houfe, but alfo fome ruler and
¢¢ Moderator, and in 2 manner, Architet of
¢ fo great a work, fo noblea performance.”
"This conclufion is {o natural, {o cogent, that
any thing but ftupid prejudiced blockheads (as
thofe philofophers were) would have natural-
ly and eafily made it. ¢ But now, fa:ith the
¢ Stoick, (c) they feem to me not fo much
“ as to have any fufpicion of the wonderful-
* nefs of the things of the heavens or the
¢« earth.” And great reafon the Stoick had
for his furmife. For fo manifeft a demonftra-
tion of a Deity, are the motions of the hea-
‘vens and earth, that if men donot fee them,
it is a fign of great {tupidity ; and if they will
not fee, and be convinced by them, it is as plain
a fign of their prejudice and perverfencfs, as

(c) Lbid. ¢. 36.

-,
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will farther appear by confidering what an in-
comparable provifion is made for the world’s
good, by the particular motions which are giv-
en to the carth and heavens, namely the
Diurnal and Pertodical motions.

Cuap 1L

Of the Diurnal Motion of all the feveral
Glotes.

A S to the Diurnal Motion, there is great
probability that our earth, and all the
heavenly bodies have a rotation round their
feveral axes; not all performed indeed in the
fame {pace, or length, of time, but fome in
longer, fome in fhorter, times; each time
making what we call a day in thofe feveral
globes, equivalent, although not equal, .to the
circumvolution of our earth in twenty four
hours.

This diurnal rotation is vifible in many of
the heavenly globes, and highly probable in
our own. 1In the Sun it is very manifeft from
the equable motion of its fpots, which fome-
times appear in its difk, and have been obfery-
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ed formerly by Galilaeo (2), Scheiner (b),
"Tarde (c), Malapertius, Hevelius (d) and our
countryman, Mr. Gafcoigne and Mr. Crab-
trie (¢) ; and fince them by Mr. Boyle, Dr.
Hook, Dr. Halley, Mr. Flamfteed and o
thers in England, and by Meflieurs Caflini,

(a) Galilaeus tells us in the third dialogue of his [i/tem,
Mund. that he was the firft that difcovered [fpotsen the
Sun, in the year 1610, which he fheaved the next year
to divers great perfons in Rome, That Scheiner fent him
two letters by Velferus under the feigned name of Apelles,
to defire bis opinion of them, that he concluded them to be
alterable, contrary to the received opinion then, of the heas
vens inalterability, that they were coutiguous to he Sun,
and that their path over the Sun, fometimes in a curve,
Sfometimes a ftrait liney, argued the annual motion of the
earth about the Sun, and ot of the Sun about the earth ;
with mare to the fame purpafe, which may be feen in the
Sagacious Authar in bis fir/t and third ﬁi’ffz!r;;gw.r.

(b) Vid. Scheiner’s Ksfa Urfina.
 (¢) Vid. Tarde’s Aftra Borbonia, who took *em 1o be
Sinall Stars interpofirg themfelves between the Sun and us.
Of the fame opinion alfs was Malapertius, who gave them
the name of Sydera Aufiriaca.

(d) See Hevelius’s cpinion of them at large in his See
lenography, ch. §. and in the Appendix.

(e) In their letters, now in my hands, there is an inge-
nious controver[y between thofe two great men, Mr, Gaf=
coigne, the inventor of the Micrometer, and Mr. Crabtrie,
concerning the Solar fpots that appeared alout the year
1640. which Mr. Gafcoigne imagined to be great nums=
bers of fmall planets revolving round the Sur at a fmall
diftance from bhim. Mr. Crabtrie’s anfwer and cpinion may
be feen in bis letter avhich is publifbed with my cwn ob-
Servations about the Solar fpots from 1703 to 1711 in the

Philof. Tranf. Nv 330,
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Picart, and others abroad (f), and of late by
myfelf and others too. 'Thefe {pots have ma-
nifeftly a motion, and the fame motion too,
as that of a globe moving round upon its
poles: for we may perceive them to be per-
petually fhifting their places from the Eaftern
to the Weftern limb of the Sun; and in this
doing, their daily ftages and motion exadtly
correfpond to the motion of a globe; that is,
thofe ftages are fhorter, and the motion of
the fpots feemingly flower towards the Sun’s
limb, but near the center of the difk, larger
and fwifter and all in exa& proportion to a
double line of fines, or a line of fines on each
femidiameter of the difk. '

And farther yet, thefe Solar fpots, as they
manifeftly demonftrate the Sun to be a moving
globe, turning round once in fomewhat above
2§ days, fo they manifeft themfelves to be
{fomething adhering unrto, or nigh the Sun’s
globous body, by means of the different ap-
pearance they have in the different parts and
pofitions of the Sun: as in the middle of the
difk, if they are round, towards the limb they
become more and more oval or long, juft as

(£ The aéﬁﬂ;aﬁam of thofe great men avhich are dif
perfed about in the Phil. Tranf. may be feen at one view
én Mr. Lowthorp's dbridgment, Vol, 1. p. 274+
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fuch a like fpot ona common globe would ap.
- pear when itis turned fo as to be viewed by
us {ideways or going out of fight.

And laftly, another thing ebfervable in and
from thefe fpots is that they defcribe various
paths or lines over the Sun, fometimes ftrait,
fometimes curved towards one pole of the Sun,
fometimes towards the other, exaltly corref-
ponding to the different pofitions of the earth,
in refpect of the Sun throughout all parts of
the year.

Thus in that vaft mafs, the Sun, we have
manifeftly fuch a diurnal motion as I {pake of,
or circumvolution round its axis; a motion
conftant and regular, and doubtlefs of as
great ufe to fome office or other, in fome part
or other of the Univerfe, as the motions of the
earth, are to the inhabitants thereof: and a
motion therefore this is, demonftrating the
concurrence of the Almighty.

Neither is it the Suz alone that undergoes a
diurnal rotation, but moft, if not all the erratics
about him. Seturn indeed is at fo great a dift
tance from us, that we have not been able to
perceive whether or no he hath fuch a rotati-

on ; butasthe other planets have it, and there
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1s full as much occafion for it in Seturn as in
them, fothere is no great doubt to be made,
but that he hath fuch like a diurnal motion, ac-
commodated as well to his ftate, asit is in the
earth and the reft of the planets.

So Fupiter is difcovered to have mantfeﬂly
a motion round upon its axis from eaft to weft,
in the {pace of 9 h. §6, as Monf. Caflini (g)
by many repeated obfervations in the year
1665, and other following years, firft found,
from the fpots obfervable on it; of which there
are two kinds, which I my felf have often
feen as well as others before me, a fhort ac-
count of which (although it be a digreflion)
may not be unacceptable to many readers. One
kind of thefe Fovial Spots, is only the fhadow
caft upon the planet by the Sarellizes inter-
cepting the light of the Sun, when they are in-
terpofed between the Sun and Fupiier: the o-
ther are fuch as are really in the body of that
planet, after the manner of thofe we fee in
the Moon, but not permanent asthey are, And
by the motion of thefe latter fpots it is mani.
feft, not only that Fupiter revolves round in
the time mentioned, but that 1tis a moving

() See his obfervations in the memoirs de Mathem. et
de Phyfique for Fan. 1692.
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globe alfo, byreafon (as was faid of the Sun)

thofe fpots move fwifter, and in larger {tages
towards the middle, than towards the limb of
Fupiter’s difk.  Alfo fuch fpots as are round,
about the middle, appear long or oval towards
the limb, or edge of the difk; as was before
obferved of the Sun’s {pots.

As to Mars and Fenus, they are both dift
covered to have fpots, or parts lighter and
darker, as well as 7upiter, and to have a mo-
tion alfo as he hath. Of thofe fpots in Mary,
Dr. Hook had divers views in the year 1665,
which he hath given us figures of (h): and
from thence concluded that planet had a me-
tion, although he could not determine in what
time it was performed. But Mr, Huygens
exprefly faith (i) it is performed in the {pace
of 24 h. 40. But for the motion of Fenus,
Monf{" Caflini could perceive the fpots to
change their place, and that the planet had a
motion, although he could not make out what
it was (j).

E

(h) See Philof: Tranf. No. 11, 14.
(1) Gofmotheor. p. 24.
CJ) Mr. Cafini’s obfervations difperfed in the Phil,

Tranf. may be feen at one view in Mr. Loothor's Abrig,
Aol 1.p. 383, and 425. | ;

oy
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Thus are the primary planets difcovered to
have a diurnal retation, or fomewhat very like
it at leaft, all except Saturn, as1 f{aid, and
Mercury, and our own globe. And as to thefe
we have very little, or no reafon to imagine
bur that they move as well as the reft; only
we cannot perceive it in Mercury, by reafon
of its proximity to the Sun, and that its e-
longatiens are never fo great, nor fo long, as
to enable us to have any good and fufficient
views of him with our telefcopes.

And as for our own globe, it is very vifible
that cither that moves round in 24 hours, or
that the Sunand all the heavens move round it
in the fame time. And which of thefe twois the
moft agreeable to the ufual courfe and methods
of pature, which performs all its works in the
moft compendicus, facile way, let every one
judge. And 1s it not far the moft compendious,
ready, and eafy way that the terraqueous globe
{hould wheel about in 24 hours, than that fo
many vaft bodies of the heavens fhould be
turned about itin that time? Is it not as poflible,
yea as probable, that our lefler globe fhould be
fo turned about, as thofe more mafly globes of
the Sun, Saturn, and Fupiter are about their
axes? But I fhall not enter into a detail of the
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arguments for the earth’s motion, and the obs
Jections made againft it, becanfe I have done
it in the preliminary difcourfe.

Thus havingtaken a profpe&t of the diurnal
motions of the great globes of the Univerfe,
that fall beft under the cognizance of our in-
ftruments, and found that many, and probab-.
ly all of them have a rotation round in a deter-
~ninate time ; if to this we add the convenrence
and prodigious /¢ of this motion to the fevers
al refpetive globes, we fhall find that an in-
finitely wife and 4ind, as well as omnipotent
Being was the orderer thereof. For were thofe
globes always to ftand flill, efpecially the er-
ratics, that owe their light and hear to the Sun,
in this cafe, one half of them would be dazled
and parched with everlafting day, whilft the
other would be involved in everlalling night
and darknefs. And what the confequences
would be, we may beft judge from what would
befall our own globe, without the kindly ale
terations of day and night: and that is, that
it, at leaft a great part of it, would fcarce be
habitable, it would neither agree to the {tate of
man, or any other amimals; nor to that of

E 2z

X



6o  Convenience of the Planets. Book 1V.

vegetables, or indeed any other creature. For
one half of the globe would be burning up, at
leat roo much drying, and exhaufted with the
beams of the Sun, whilft the other would be
immerged in, and deadned with too long night.
And in fuch a cafe, how could the great works
of nature, fo ferviceable to the world, be per-
formed? How, for inflance, could the va-
pours beraifed to fupply the earth with cooling’
clouds and fertile thowers ? How could the
winds be excited to fan the armofphere
with their pleafant and healthful gales? How
could the tides be produced, which by their
conftant agitations keep the waters fweet
and clean, and prevent their poifoning the
world ? |

And as the courfe and funétions of nature,
would be thus affeéted, fo would the ftate of
- the creatures be no lefs. For how could thofe
of the vegetable kingdom be animated and ex-
cited by the kindly heat of the day, and then
again tempered and invigorated by the no lefs
kindly dews, and influences of the night ? How
could men and all other animals difpatch their
bufinefs, gather their food, and perform all
the vartous labours and offices of the day, and
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then recruit and repofe themfelves with reft,
{leep, and due perfpiration, and whatever elle
may be owing to the falutiferous influences of
the night, and abfence of the Sun?

Thefe and ten thoufand as great inconveni-
encies as thefe, would be the certain events of
the want of this diurnal motion of our globe,
And as the reft of the globes have their fhares
in the Jike motion, fo we may very reafonably
imagine that it is no lefs ufeful and beneficial
to them than it is to us, and that the inconve-
niences of the want of it would be as great.

TR N

Of the Annual or Periodical Mbotion of the
Primary Planets.

BESIDES the motion treated of in the

preceeding chapter, there is another,

which is as clear a manifeftarion of the great

CREATOR as that, namely the Periodical

or Annual, which is vifible in fome of the

great globes, and probable in many others.

Among the fixt Stars it is highly probable
E 3
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fomething of this nature is: as appears from
thofe new Stars which 1 have before taken
notice of, which, as I have faid, fometimes
become vifible to us, in one part of their orbits,
and again difappear in other parts of them,
Bur thefe fyftems being out of the reach of
our beft glafles, I fhall pafs them by, efpecial:
ly becaufe in our own folar fyftem we have a-
bundantly enough to entertain us in this de-
monflration of GOD.

For it is very vifible, without the help of the
telefcope, that every Planet of the Solar Sy/-
tem hath this Periodic motion 1 am fpeaking of.
For it is manifeft that either the Sun, and the
Planets move about the earth, the one in the
fpace of a year, and the reft in other times;
or that the earth and the other Planets move
about the Sun in fuch times. But let us (as
I have all along done) fuppofe the latter, that
the Sun s fixt in the center, without any other
but its diurnal rotation in 25, days : in this
cale we fhall have the feveral primary Planets
revolving round the Sun in an excellent and
due order, by the exalteft rules of fuch a
noble {truture, fuch an admirable Occonomy,
and that is “ in times (as 7 fa:id) in {quare pro-
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< portion to the cubes of their diftances.” So
that we {ee Mercury to perform its period in
near 88 days: Fenus (the next in-order to the
Sun) its period in fomewhat above 224 days:
then the Farth with its coinpanion the Moon
in 365 days and one fourth : then Mars in a.
bout 687 days: next him Zupiter in aboug
4333 days: and laflly Saturn in fomewhat
above 10759 days.

To this fo {trict an order of the periods of
thofe Planets, we may add the confideration of
the different parhs of their Periodical and ‘Di-
urnal motion: that they lie not in a very difs
ferent plane, as quite acrof$, or the like; nor
exaltly in the fame plane, but a little crofling
one another ; the Diurnal courfe lying in, or
parallel to the Equator; but the other in the
broad path of the Zodiac at an inclination of
23 onc half degrees.

And a glorious contrivance this is for the
good of our globe, and doubtlefs no lefs for all
the reft that fympathize in the like motion.
For was the earth’s Periodick motion to be al-
ways in the fame plane with that of the Diurnal,
we might indeed be fometimes nearer to, and
{ometimes farther from the Sun; but at the
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fame time mifs of thofe kindly increafes of
day and night, together with fuch vfeful di.
retions of the Sun-beams, which the advan-
ces of the earth to one or other of the poles
caufe (a): which two things are the real caufes

(2) There are tavo caufes of the great difference between
the winter and fuminer, heat and cold, One is the fhorter
or longer continuance of 1he Sun above the Horizon: in

ummer long, which increafeth the heaty, as mnch as it
lengthens the day : in winter fhort, which diminifbes the
keat, as it [bortens the day ; and augments the cold, asit
lengthens the night. The other caufe 1s the oblique or
perpendicular direclion of the Sun’s rays, the oblique being
aveuker than the perpendicular ;: as is evident from Galie
laed’s experiment, in bis fyftem. Mundi,Dial.1. by holding
a paper turned up at right angles, or a book half open;
over=againft an illuminated white wall; awhere it mey be
obferved that the fide oppofite to the wall, which the rays
[irike perpendicularly, is fur more light and white than the
ather fide, on which the rays fall obliquely, The fame it is.
in the incidence of the Sun's rays on any plane, namely the
rays are Jo much flronger, and the plane the more warmed
and enlightened,as the rays are more or lefs perpendicular ;
and that on two accounts ; 1. Becaufe the perpendicular
rvays fIrike with greater force thap the oblique. Asin Fig.
4. the rays R R flrike the plane AP more forcibly than
she plune O B. The allion or force of which percuffion is
(like that of all other impulfzs) as the fine of the angle of
sncidence.  So the force of the rays R R upin the cblique
plane O B, is as the fine.only of R O B, whereas their
Jorce upon A P is as the whole fixe of ¢o. degrees or
angle RO P. 2, Another reafon is, that a greater num=
ber, or quantity of rays, fall within the compafs or area
of any plare, ina perpendicular, than oblique direion,
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of our feafons of fummer and winter, fpring
and autumn, and not our being nearer unto,
or farther from the Sun. For thofe benefitg
(we at leaft that inhabit towards the Northern
Pole) have at the contrary feafon, when we
have moft need of them, viz. the Sun’s proxi.
mity in winter; its greater diftance from us in
fummer; as is manifeft from the increment of
its apparent diameter in winter to 32 minutes,

This will be manifefl from the bare infpetion of Fig. 4e
Where it may be obferved that all the rays belween R R
and O p full on the plane AP ; but only obout one half
of them would full upan an obligue plane of the fame length,
tf it was O b; or (which is the [ame thing) near as many
rays would fall off O by turned up 10 O b, as futl upon
it. Alfo it may be obferved farther, that as the line O B
is longer than Op, [o are the [paces betwezn the rays
larger in O B than Op; and confequently fewer rays
fall on OB for its length, than en O p for its
length, or the rays are denfer, or more compait in O p
than O B, And when they are fo, they are fo much the
flronger, as is evident from the colleting and condenfing
the Sun’s rays by a burning ¢lafs.

What the particular pswer of the Sun’s rays is in all
direftions, guantities, and impuljes, falls under mathemati=
cal calculation ; bat I need nst trouble the reader with it,
but [ball refer 1o the ingenious Dr. Wolfiusy, Mathematical
profeffor of Hall, his elementa Aerometrice. And as for
the proportional degree of the Sw¥'s heat in all latitudes,
and its altitudes, our mofl acute Savilian Profeffor, Dr.
Halley,hath given us a neat and clear method for computing

st in Philof. Tranfalt, No. 203.
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47 feconds, and the decrement thereof in

fummer to 21 minutes, 40 feconds. (b)
And now for a conclufion of this chapter

concerning the Periodic motions of the prima-
ry planets, we may-take up the argument of
Hugo de 8. Vicore (c), *“ Who commandeth
“ the Suntodefcend through the winter figns?
“ And whoagain caufeth him to afcend through
“ the fummer figns ? Who leads him from
“ eaft to weft ? and who again brings him back
¢ from the weft to eaft ? All thefe things are
““ very wonderful, but to God alone poflible.”

(b)Y Monfieur de la Hire in his Tabul. Aflron. makes
the Sun’s femidiameters to be Dec. 30. 16 minutes 22
Sfeconds, and Fun, 20. 1§ minutes, 49 feconds. But Mr.
Flamfteed in his Lunar Tables added to Mr. Horrox's
Pofthumous works -makes the greaiefl to be 16 minutes 23
Jeconds, the leal 15 minutes, §o feconds; and the French
Academifls 16 minutes, 23 feconds; and 15 minutes, 50 fe
eonds. Vid. Recueil &’ Obferv, Les Elemens d’ Afiron. p.
22.

Befides the alteration of the Sun’s apparent diameter,
its [fwifler motion in winter about the filflice by about a
15th part, is an argument of its being then neerer the
earth. From whence it comes to pafs that from the Vernal
to the Autwmnal Agquinox, there are about 8 days more,
than from the Autumnal to the Vernal,

(¢) Quis folem per liyberna defcendere figna praeci-
pit 2 Quis rorfum per aefliva figna afcendere facit 2
Quis eum ab oriente in occidentem ducit ? Quis iterum
ab occidente in orientem revehit ? Haec cunéta funt
mirabilia, fed foli Deo poffibilia. Didafcal. L. 7. ¢. 8.
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Cuapr. VW

Of the Periodical Motion of the Secondary.
Planets,

A vivg confidered the periods of the
Primary Planets, let us next caft our

eye upon thofe of their fecondarres, And a-
mong thefe we fhall find the fame compleat
order and harmony as among the laft. Thus
Saturn’s five moons and  Fupiter’s four, and
our own about the FEarth, have each of them
their determinate times, fome longer, fome
fhorter intervals of time, in the fame due pro-
portion, as I fpake of among the primaries,
Befides which, there is another thing very
confiderable in this periodical motion of thofe
fecondary planets, and that is, that it is mixt
with a kind of cochleous direftion towards one
or other pole of the primary planets ; by which
means every futellite, by gentle degrees,
makes its vifits towards each pole of its Prima-
ry. This is well known among the Crrcumjo-
vials for inftance, that they all have a flow
and gradual fcrew like progrefs, firft towards
one, then back again towards the other pole of
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Fupiter : and that each fatellite hath its decli-
natic greater and greater, according as it is
farther or farther from FZupiter’s body. Ac-
cordingly the declination of each Crreumjovial,
afligned by thediligent and fagacious Caflini (d),
after twelve ycarsobfervations, are thefe, The
greateft declination of the Firf?, or neareft, ex-
ceedsnot a third part of Fupiter’s {emidiameter:
that of the fecond, furpafleth buta little of a
quarter of its diameter: that of the thirda little
excceds three quarters of the diameter: and
that of the fourth, or outermofl goes beyond
Fuptter’s poles bya third part of the {emidia-
meter. All which mutations, he faith, are
performed in the {pace of 12 years. Thus the
famous Caflini. . But I have myfelf obferved
a greater vagation in the 7 hird Satellite ; that
it advanced near to, if not even with the very
Jimb or pole of “Fupiter, and that its ftay in
Fupiter’s fhadow, or the duration of its eclipfe
at that time, was lefs than is commonly aflign-
ed unto it, as it is reafonable to imagine it
fhould be, becaufe the Satellite had only the
outfide of the cone of Zupiter’s fhadow, and

(d) Les Hypoth. et les Tables de Satel, de Jupiter,
§. 4. in the French dcademift's large Colleéiion,

i ——— e e ——
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confequently a leffer part thereof to pafs thro’
at that time,

As to the end and ufe of this fo obfervable
a tendency inthe fecondaries towards each
pole of their Primaries, we may guefs at it
from what hath been faid of the like tendency
of their primaries towards the Sun, on which
our feafons do depend: So thofe {econdarics,
moving in like manner to each pole, effect fome
of the grand works of the Divine providence
from pole to pole, illuminate all parts of their
refpe&tive globes, contraét the length of their
nights (as fhall be fhewn in proper place,)
move their waters, and excite their tides, and
perform other fuch great works of nature, as
with good reafon, we attribute to the influx of
our Moon here in our own globe.

And can fuch well-contrived, f{uch ufeful
motions, that the world could not fubfift with-
out, that nature could not do its grand works
without, can thefe be other, than the Fiat of
an infinitely 77dulgent, as well as wife CREA-
TOR! Could this confonancy be fo univerfal,
among all the globes that fall within our view ?
Could their periods, and diftances, be in the
- fame due proportion all the Univerfe over,

F
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their motions all fo alike, had theynot had the
fame Contriver and Maker! But I fhall clofe
this argument with the refle¢tion of the moft
ingenious Mr. Molyneux (b), who fpeaking
of the fefquiplicate proportion of both the pri-
mary and fccondary planets, thus concludes,
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And from hence we may juftly fall into the
deepeft admiration, that one and the fame
law of motion fhould be obferved in bodies
fo vaftly diftant from cach other, and which.
feem to have no dependance or correfpon-
dence with each other. This doth moft
evidently demonfirate that they were all at
firft put into motion by one and the fame
unerring hand, even the infinite Power and
/7 ifdom of God, who hath fixed this order
among them all, and hath eftablithed a law
which ‘they cannot tranfgrefs. Chance or
dull matter could never produce fuch an
harmonious regularity in the motion of bo-
dies fo vaftly diftant: this plainly fhews a
defign and intention in the firft Mover,
And with fubmiflion to the reverend and
learned Divines, T am apt to think that one
argument drawn from the order, beauty and

(b) Dicptr. Nov. Par. 2, ¢, 6. §. 12.
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“ defign of things, is more forcibleagainft A-
“ theifm, than multitudes of notional proofs.”
Thus Mr. Molyneux. But we fhall find far-
ther evidences of this Supreme management in
thefe matters from what follows in the next

chapter,

L5374 2o YV

The Conftancy and Regularity of all the Moti-
ons of the Earth and Heavens.

H A1 the earth and heavens move at
all, but efpecially that they have {uch

particular and beneficial motions, appears,
from the preceeding chapters to be the work
of God, And the concurrence of the fame
infinite hand is as manifeft in the perpetuity,
conftancy, and regularity of thofe motions.
For without this Almighty Guide and Mana-
ger, how is it poflible that all thofe vaft and
unwieldy mafles fhould continue their benefi-
cial motions throughout all ages? fhould per-
form their ufeful ftages without any the leaft
intermiflion, interruption or diforder that we
know of 7 What motion, what contrivance,

Fo
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what piece of clock-work was there ever under
the whole heavens, that ever came up to fuch a
perfection, and that had not fome ftops or fome
deviations, and many imperfeftions? But yet
none was ever {o ftupid as to conclude fuch
a machine (tho’ never fo imperfet) was made
by any other than fome rational being, fome
artift that had fkill enough for fuch a work.
As he in Cicero (a) argues from his friend
Pofidonius’ piece of watch work, that thewed
the motions of the Sun, Moon and five Erra-
tics; that if it had been carried among the
Scythians or Britains, ¢“Quis in illa barbarie
dubitet, quin ea Sphaera fit perfeta Ratione ?”
with more to the fame purpofe : no man even
in that flate of barbarity would make any doubt,
whether it was the workmantfhip of reafon or
no (b). And is there lefs reafon to imagine
thofe motions I have been treating of to be o-
ther than the works of God, which are infinite-
ly more conftant and regular than thofe of
man? Or, to ufe the laft mentioned Stoic’s
argument, can it be thought that Archimedes
‘¢ wagable to do more in imitating the motions

(a) De Nat. Deor. L, 2. ¢c. 34.
(b) See the place cited at large in my P@'ﬁm.yﬁmfgg)’
2. 2,



Chap. 6. The Conclufion, 73

¢« of the heavens (7 his [phere) than nature
¢ in effecting them ?

And now to reflect upon the whole, and fo
conclude what hath been faid concerning thefe
feveral motions: We may all along perceive in
them fuch manifeft fignals of a Divine hand,
that they all feem, as it were, to confpire inthe
demontration of their infinite CREATOR or
OrpERER. Forbefides what in all probability
is in other parts of the Univerfe, we have 2
whole fyftem of our own, manifeftly proclaim-
ing the workmanthip of its Maker. For we
have not thofe vaft and unwieldy mafles of the
Sun, and its planets, dropt here and there at
random, and moving about the great expan/um,
in uncertain paths, and at fortuitous rates and
meafures, but in the compleatelt manner, and
according to the {tri¢teft rules of order and
harmony; fo as to anfwer the great ends of
their creation, and the divine providence; to
difpatch thenoble offices of the feveral globes ;
to perform the great works of nature in them:
to comfort and cherifh every thing refiding on
them, by thofe ufeful changes of day and

night, and the feveral feafons of the year.
F3
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Tully’s Proofof a Ged, Book IV.

Thefc things are {o evident to the reafon of

all men, that Tully might well make his
Stoic to alledge this as one of his principal ar-
guments for the proof of 2 Deity (c): « The
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fourth caufe, faith be, and that even the
chief, is the equality of the motion, and the
revolution of the heavens; the diftinétion,
utility, beauty and order of the Sun, Moon,
and all the Stars; the bare view alone of
which things is fufficient to demonftrate
them to be no works of chance. As if any
one fhould come into an houfe, the Gymna-
{lum, or Forum; when he fhould fee the
order, manner, and management of every
thing, he could never judge thefe things
to be done without an efficient, but muft
imagine there was fome being prefiding over
them, and whofe orders they obeyed. So
much more in fo great motions, fuch vicif-
fitudes, and the orders of {fo many and
great things ;- -a man cannot bur conclude,
that fuch great a&s of nature are governed,
by fome mind,” fome intelligent being.

And fo again afterwards (Chap. 21.) when,

among other things, he had been fpeaking of

. (<) De Nat. Decr. L. 2. c. 5.
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the motions of the planets, he thus argues,
¢« 1 cannot poflibly underftand, faith le,
¢ how all this conltancy can be among the
¢ Stars; this {o great agreement of times
¢ through all eternity, among fuch various
«¢ courfes (how this can be)without {fome mind,
« reafon and counfel.” And a litle after
this, fpeaking of the fixt Stars, he faith,
¢ But the perennial, and perpetual courfes of
¢ thofe Stars, together with theiradmirableand
¢ incredible conftancy, declare a Divine power
¢ and mind to be in them.” And this he takes
to be fo plain a cafe, that he who could not
difcern it, he thinks could difcern nothing,
And then he thus concludes, “ In the heavens
¢ then, there is neither, any chance, nor any
temerity, nor error, or vanity; but on the
contrary, there is all order, truth or exat
¢ nefs, reafon and conftancy. And f{uch things
‘¢ as are void of thefe are counterfeit, falfe,
““ and full of error.—He therefore that thinks
¢ the admirable celeftial order, and incre-
¢ dible conftancy, on which the confervation,
““ and good of all things depend, to be void of
¢ 3 mind, he himfelf deferves to be account-
“ ed devoid of a mind,” Thus with great

ir
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force and reafon, Thully’s Stoic rightly in-
fers the prefence and concurrence of a Divine
Being, and power, from the motions of the
heavens: only not being aware who that Being
was, he erroneoufly imagines the heavenly
bodies them{elves to have Divinity, and puts
them therefore into the number of the Gods;
which error is excellently refuted by Laétan-

tius in his Inflit. Divin. L. 2. c. 5, &e.
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B'O'DXK IV

Of the Ficurre of the feveral Groses of
the UNIVERSE.

Cowkr L

The Confonancy of all the Globes in their
Spherical Figure.

H A VIN G in the preceeding book ma-
nifefted the motion of the earth and
heavens to be the contrivance and work of
GOD, I fhall enquire in this, whether their
Jgure be of the fame kind, wifely fuited to the
motions, and ina word, to the whole flate
and convenience of the feveral globes, {o as
to manifeft itfelf to be the work of God?

- Nowasto the ffgure; it is obfervable in
the firft place, that there is a great confent
therein, among all the globes that fall un-
der our view, and that is, that they are all
Sphaerical, or nearly fo, namely Sphaerodi-
al (a). Thus all the fixt Stars, {o far as we
are able to behold them, either with our naked
eye, or our glafles, Thus the Sun, and thus
all its planets, and thus the fecondaries, or

(a) See Phyfics-Theol, B. 2. C. 1. Nute a.
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Moons accompanying Saeturn, Fupiter, and
our Earth, And although #enus, Mercury, and
our Mboorhave Phafes, and appear fometimes
falcated, fometimes gibbous, and fometimes
more or lefs round, and even Mars too, in itS
quadratures, becomes gibbofe ; yetat fuch timeS
as thefe planets fhew their full phafes, they
are found to be {pherical, and only lofe this
figure by virtue of their pofition te the Sun,
to whom they owe their light. And this
fphericity, or rotundity, is manifeft in our
Mboon, yea and in Fenus (b) too; in whofe
greateft falcations the dark part of their globes
may be perceived, exhibiting themfelves un.
der the appearance of a dull and rufty co-
lour. | _

(&) What I have here affirmed of the fecondary light of
Venusy I have been called 1o an account for, by an ingenious
Aftronomer of my acquaintance. But I particularly re-
member, that as I was viewing Venus fime years ago,
with a good 34 foot glafs, avhen fhe was in her perigee,
and much horned, that I could fee the darkned part of her
globe, as we do that of the Mosn foon after her change,
And imagining that in the laft total eclipfe of the Sun,
the fame might be difierned, I defired a very curions oba
Server that awas with me, and looked through an excels
lent glafs, to take notice of ity whoaffirmedthat he fow it
very plainly.
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And as this fpherical figure holds in every
of the globes at a diftance from us, fo we may
reafonably imagine our own globe to be confo-
nant to the reft. But indeed we have great
reafon to conclude it to be fo from the curvity
of its fhadow in its eclipfes of the Moon ; from
the difcovery of new conftellations in the hea-
vens, as we change our hemifphere, and make
approaches towards either pole; from the fur-
face of the fea, which appears to be of this
figure, by our gradually difcerning far diftant
objeéts, mountains, towers, fails of fhips, &-e,
the parts of which are more and more feen, as
we approach nearer and nearer to them: with
other arguments to the fame purpofe, which
I need not enumerate in a cafe now general-
ly owned to be true.

CHAR. II-

Of the Inequalities, or Hills and Vales ob-
fervable in the Earth and Moon.

H Aving in the preceeding Chafpler de-
monftrated the feveral globes of the U-

« niverfe to be {pherical, it is not to be under-

flood that thefe globes are ftri¢tly fo, buran
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allowance is perhaps to be made for the differ-
ence between their Equatorial and polar diame-
ters, before fpoken of: but efpecially for
thofe little and inconfiderable excrefcences of
the hills, very manifeftly difcernable in the
Moon (a), as well as in our own globe ; which

(a) Every one that heth viewed the Moon with but an
ordinary glafs, efpecially, awken fbe is not round, may
eafily perceive confiderable unevenneffes ; that fome parts
are manife/tly higher and others lower. About the quar=
ters, diverfe bright golden [pots may be feex in the [haded
part, at fome diftance from the enliphtned part ; and 1hefe
may be perceived to grow larger and brighter, a5 the
Shady part turns more and more towards the Sun ; till at
Laft you may [ee all the intermediate vallies between thofe
Spotsy and the other enlightned parts, Alfo in divers
parts of the Mosn, efpecially fuch as berder on the fhaded
part, there may be obferved 1o be certain holes or pits,
black, dark, or [bady, when the paris encompafing them
are illuflricus and bright. And this darknefs, as if under
fome mountain, lies always on the fide next the Sun, and
gradually goes off as the hole, pit or valley turns more and
more towards the Sun, till at lafl the whole valley is en-
lightned, and looks like a depreffed ground in ibe body of
the Moon. All awhich things are manifeft fignals that
the Mosn’s furface is not even and fmosth, but like that
of the earth, full of hills and valleys.

Which opinion, altho® now well grounded on ocular dea
monflration, was as old or older than Plutarch’s days,
who in his book de Facie in orbe Lunae, at the begin«
ning, cites it as Clearchus’ opinion Evovas eqomrpinas svar 7a
tdwha Trg peyorng Faracowe—-1, €, T Har avhich is called the
face of the Moon, are the images and appearances of a
great fea in the Moon. And about the middle of that trall;
s &5 gawopsovoy Touri' wposaror—i, ¢, As to that faae aubick
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I call little and inconfiderable, efpecially thofe
in the earth, becaufe they are fo in proporti-

on to the earth’s diameter; as will appear by
coming to particulars. The Diameter of the

terraqueous globe I have thewn in my Phy/ico-
Theolegy (b) to be about 7935 Englifh miles,
" and in this book to be (*) 7967 miles: but
that of the hills is no more than a few miles,
Snowdon in Caernarvonfbire (the higheft moun-
tain in all our ifland) is but 1247 yards (c); -
the Alps themfelves but about two Englifh

appears in the Moon : as our earth hath certain large
bays; fo we conceive the Moon is over-/pread wirh large
bollows and ruptures, containing water, or a thick dark
airy into which the Sun-beams are not able to euter, and
So #o reflexion is made by them.
As to other matters in which the Earth and Movn feen:
to agree, as in feas, and great collellisns of waters, an
atmofphere, e, 1 fhall pafs them by bere, as improper
Jor this place.
(b) Book 2. ch. 2. Note.
(*) Book 1. ch. 2. Note a. .
(d) In the Fournal of the lute ingenicus Richard Town-
Jey Efq; of Townly in Lancafbire, 1 find this Note upor
Sept. 6. 1682, This day Mr., Adams called here,
who is taking a furvey, &c. He told us that with re-
peated trials he had found Snowdon-hill 1320 yards
hipher than the highwater-mark, and that the quickf{ilver
ftood at the bottom at 29 inches ; at the top of the
hill 25.96 : fo that 1320 gave 3. 04. Then follows this
‘Note, viz. Mr. Adams coming fince tells me, that the
height of Snowden was but 1247 yards, which gave

3+ 04,
G
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miles (d): nay the very Pike of Tenariffe, one of
the higheft ridges throughout the globe, unlefs
we except the high mountains of Peru called
by 7¢/. Acofta (¢) Periacaca; or that nearer
St. Martha (£ ); or thofe called the Andes (g);
this ridge (I fay) is computed to be but be-
tween 3 and 4 Miles perpendicularly above the
Sea (h). All which eminences, compared
with the diameter, or femidiameter of the
carth, is no more than as a particle of duft is to
a large globe, on which it refteth.

The réafon of 1his difference of 73 yards, in the beight
of Snowdon, I take to be, that the firft meafure was
made by My, Adams himfelf, the latter by Mr. Cafewsll
with Mr. Adams’ inlruments : and probably the former is
the height above the fea, the latter only above fome plane.

(d) Mr. Nic. Facio told me that he had meafured the
height of the NMontaigne Mauditi, avhich is one of the
hiphefl ridges of the Alps, and that ke found it to be
2000 French Toifes above the lake of Geneva, which is
equal to 12816 Englifb feet, or 2. 42 miles.

(e) Acofta faith the Alps feemed to thefe mountains he
travelled over, but as ordinary houfes to lofiy towers.
See my Phyfico-Theol. B. 1.¢. 1. Note b.

(£) Capt. Dampier faith that he was of pinion, that
the hill near St. Martha is bigher than the pike of
Tenariffe.  Vopage round the world. p. 24.

(2) Of the Andes of Chili and Peru, Capt. Dampier

aith, Thefe are the highelt mountains 1 ever faw, far
Jurpaffing the Pike of Tenariffe, or Santa Martba, and ¥ ;
believe any mountains in the world, ibid. p. 95. |

(h) See Dr, Hook's account of the Pike of Tevariffe;
from his friend Mr. G. T. who went tothe top of it ;
ot thy end of his le Clures concerning Jpringss pe 42
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And fo likewife for the mountains vifible
in the Moon, although fome of them are
of that height (i), as to refle@t the light of the

(1) By Riccioli’s meafures, the height of what he
calls mount Sinai, or St. Katherine’s hill, is 9 Bononian
miles, and that of Xaverius 12, but according to his
correftions, the former is but 8 milesand fourteen 25ths,
the latter 11 and one half, Which at the rate of 6020
Englifh fect in a Bononian mile, is about 13 and ¢
Englith miles; an height {o great, confidering how mach
the Moon is lefs than the Earth, that I cannet but think
that diligent perfon was miftaken in his meafures, and
that the computations of Hevelius are much the beft :
who as he was as able as any man, and made more ac-
curate and diligent obfervations of the Moon’s facs,
than molt men ever did ; {o he was more likely to come
neareft the truth. And by this reckoning, the highelt
hills in the Moon are but about three quarters of a
German mile; and fome of them but {even fixteenths 3
and {fome not ubove one Italian mile. And confidering
the bulk of the Moon to that of the Earth, thefe are
great eminences for the Moon,

And as the lunar mountains are of fo prodigious
heights, {o many of them are of great extent. Hevelius
reckons the lanar Taurus to reach to 170 German
miles; mount Sepher 150 ; and the lunar Apennine
above 100 German miles.

The way how tomeafure the height of the mountains
of the Moon, is not difficult, nor uncertain; which is
by obferving the diftance between the diftant golden
fpots, attheir firflt appearance (which arethe tops of hills)
and the enlightened part of the Moon. Which diftance
may be computed by miles, or any other equal parts;
into which we canimagine the Moon’s diameter divided.
Thus in Fig. 5. ARB is a part of the Moon’s circum-
ference, one part of which AR is enlightened, the other

G2
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Sun from their lofty tops fome days before
ever it reacheth the vallies beneath them, yet
on the Moon’s limb we can difcern nothing of

them; but fo far from that, that, on the contra- '
ry, the edge through our beft glafles looks like
an even, {mooth, and uninterrupted circle (k).

part R B is in darknefs. Hi is a mountain, whofe top H
is touched by the Sun-beams, fhining from S the Sun to
R, and reaching to H. Now fuppofing the {femidiameter
of the Moon RC, to be 274 German miles, accord-
ing to Hevelius, the length of the fide RH (or diftance
between the top of the hill, and the edge of the enligh-
ten’d part) will be found alfo to bea roth, 20th, or
other part of that femidiameter or diameter ; or fome
certain number of miles ; and then we have the two
fides RC, 274 miles; and RH, and the right angle
included between them; by which, both the other
angles, and the {ide CH, may be found by a common
cafe of right-angled triangles. Out of which fide CH,
deduding the Moon’s femidiameter 274, there remain-
eth the height of the mountain Hi. Conlulthere Heyel.
Selenogr. ch. 8. Galilaeus Nunc, Sider. p. 14. Riccioli
Almageft. L. 4. c. 8. Schol.

(k) The edge of the Moon, which T here mean, is that
next the Sun ; on which I could never perceive withmy
beft glafles any the lealt fign of a mountain, but all to
be exaétly leveland fmooth. Only indeed there are fome
certain tranfient roughnefles and unevennefles on the
limb caufed by vapours, efpecially when the Moon is
near the Horizon, and in windy, and fome other wea-
ther. At which times, the motion of the air and va-
pours, make a pretty crifpation, and rouling, like waves
on the Moon’s limb, which have the appearance of
moving mountains and valleys. But on the oppolite
fide, if the Jeaft portion of the darken’d part of the .
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Although then vaft mountains, when feen
near at hand, feem to be very confiderable ex-
crefcences of our globe, yet fince they are
little, when compared to the globe itfelf, we
may look upon our own, and ail the reit of
the globes as if they were perfeét {pheres, or
at leaft {pheroids. .And finding them to be
fuch, let us next enquire what reafon there is
to imagine this their form to have been the
great CREATOR’s #ork,

Moon, extends beyond the enlightened part, Mountains
may very manifellly be difcerned, exadly refembling
ours on the earth., A few hours before and after the
full,I have with pleafure feen the appearance of confider-
able mountains and bayss One of which views, I have
given in fig. 6. which isthe Moon’s appearance, foon
afier the full, on Sept. 12. 1714. In which feveral
rifings and depreflions may be feen, and the tops of
fome of the mountains fomewhat diftant, are expreffed
by the little {pots.

Thefe alone I conceive are mountains which the ex-
cellent Hevelius fpeaks of in feveral places of his Se-
lenography, particularly in his anfwer to Bettinus, and
other Peripatetics, in ch 6. p. 143. who denied
that mountains could be in the Moon, as well ag many
other things difcovered now by the telefcope.

G 3
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Cuapr IIL

T he Univerfality and Uniformity of the Figure
of the [everal Globes of the Univerfe is a
Sign of their being the B ork of GOD, not
of Chance or Neceffity,

H E x we fee divers pieces of curious
device and workmanfhip to bear the

fame marks of art, to have the fame mafterly
ftrokes of painting, clock-work, archite&ture, &c,
we conclude with great reafon fuch pieces were
made by the fame fkilful hand. So when we
{ee the fame commodious {pherical figure to be
imparted to the earth, and all the heavenly
bodies, we have as good reafon to conclude
them to be pieces of the fame hand, contriv-
ances and works of the fame fkilful archite&.
For if the Univerfe had been a work of Chance,
all the feveral globes would have been of fe.
veral forms, onc of this, another of a quite
different figure; one fquare, another multangu-
lar, another long, and another of another
{hape. Or if all the feveral globes had been
a work of Neceffity, and their figure had been
owing to the natural tendency, or gravity of
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" matter, viz. that the felf-attrating power of

matter did make all the folids and fluids of all
the feveral globes, as naturally run into a glo-
bofe form, as a drop of quick filver doth:
yet {lill we may demand, how came matter by
this fo commodious a power ? What made it
affeé fo proper a form but the infinite CREA-
TOR’s Fiat?

But not to conteft that point, but granting
Gravity to be congenial and coeval with marter,
without enquiring how it came by that power,
and allowing that every globe of the Univerfe
had its form from the felf-attradting power of
its matter, vyet ftill we have undeniable marks
of final caufes, of wile order, and an over-
ruling power in the cafe. For let us imagine
our terraqueous globe in its chaotic ftate; all
its matter, every particle of it divided, and
floating about, and ready, by its felf-attraction,
to run together into its natural form, that of

~aglobe: In this hurly-burly, this jumble of

unguided nature, made by attradtion only, a
confufed globofe mafs can be fuppofed to be
formed; but without any order, without that
convenient lodgment of its parts, as the ne-
ceflities of an habitable world require. But
inftead of any fuch figns of diforder, or of na-



83 The Moon and Fupiter Book V., _

ture’s ating with an unguided power, we have
the clean contrary; all the fignals of a wife
contrivance, and excellent art; as will appear
in the following chapter.

C ga 2 IV,

The Terraqueous and other Globes appear 1o
be the 77 ork of GOD from the wife Dif-
fqﬁf:'w: of their Parts.

q_ S the earth, and all the other globes

would have been of various forms, if
they had been made by chance, or would have
been confufed mafles, if made by neceflity,
_according to the laft chapter: fo inthis I fhall
fhew them to be the work of a wife and a kind
Agent, from the commodious ftrufture and
difpofition of their parts, fo far as we have a-
ny knowledge of them. Thus the Moon hath
great appearances of being no lefs commodi-
oufly, than the earth, divided into hills and
valleys, (as 1 have fet forth in the fecond
chapter;) into dry lands, and great collections .
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of waters (a), and to be encompafled with an
: \

(a) That thereare feas, or great colle&ions of waters
in the Moon, is highly probable from the Moon’s fpots,
which plainly feem to be water on thefe two accounts,
1. Becaufe thofe fpots appear to'be in ltrait and level
long planes, when view’d about the Moon’s quarters, or
at fuch times as one half of them are enlighten’d, the
other half in darknefs. In this cafe, when we do not
look direétly upon the planes, or fee them wholly en-
lighten’d, but view them in a manner fideways, their
{nrfaces look as the fea doth, when we view it from the
fhore, viz.alargelevel plane: only we maynowand then
difcern a bright fhining part ftanding a little out of the
large levels, which are, no doubt, certain rocks or
iflands in the midft of thofe feas: 2. The darknefls of
thofe fpots, more than other parts of the Moon, is an
argument they are water, or fome fuch like fluid, which
imbibes the Sun’s rays more than harder bodies, and
doth not therefore fo vigoroufly releé themas they dov
Accordingly about the Moon’s quarters, when thofe
fpots, as I faid, have the appearance of long planes,
we may obferve their edge to be a kind of hazy border,
which grows darker and darker, as the rays are more
and more ablorbed. '

But indeed hard bodies, if they have fmooth furfaces,

altho’ they reflect [trongly toone place, yetin othet places

they are lefs vifible. Thus a looking-glafs, a diamond,
&c, refle&t vigoroufly the Sun’s rays towards one part,
fo as to dazzletheeyes ; but inother parts, they appear
of a daik, blackifh hue. 'Which by the by, is the rea-
fon why Jewellers grind their diamonds with many fides
and angles, that their loftre may appear many ways.
So filver (as Galilaeo obferves, Dial. 1.) when boiled
only in Argol and Salt, appears as white as fnow; but
wherever it is burnifhed, it becomes obfcure. And fo
he tells us, rightly enough, the Moon would beceme
invifible to us, if its furface was not rongh, but fleek
and {mooth. Sce allo Hevelii Selenogr. ch. é. p. 151.
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atmofphere as we are (b). SoFupiter, although

at {o great a diftance from us, hath manifeftly,
we fee, his lighter and darker parts; his belts
and fpots darker than the reft of his difk.
Thefe Mr. Caflini (who longer viewed this
planet than any body elfe) takes to be canals
containing fome fluid matter, or water, that
more weakly refleéts the Sun’s rays, than the
other parts of the planet do, and that they
have fome refemblance with what happens here
upon earth, “(c) Forif, faith he, one from on
high, in the heavens, fhould fee the earth in
fome particular fituations, the fea, which en-
compafleth the earth, would appear very like
the great fouthern belt that encompafleth the
whole globe of Fupiter: the Mediterra-
nean fea would make an appearance, not
uniike thofe belts which are interrupted or
broken, which we fee in this planet: the
other feas would make thofe great black
fpots, which never alter at all: the continents

(b) That there is an atmofphere about the Moon,
fee Book 7, chap. 3. Note 1.
_ (¢) Nouvelles Decouvertesde Jupiter; par M. Caffini
mﬁ the Memoiresde Mathem. et de Phyfique for January
1692.
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and ifles would feem like thofe bright fpots
that are alfo permanent: the fnows would make
thofe Iglittcr ing {parkles, (Brilliants) that from
time to time difappear, the flux and reflux of
the Ocean, and thofe great inundations that
happen fometimes here, would occafion other
fpots to appear and difappear: the Moon
would refemble one of “Fupiter’s fatellites : in
fine, the clouds of our atmofphere would re.
femble thofe broken interrupted belts, and
thofe tranfitory {pots, which often change their
fize and figure, and have motions of different
velocities.”

Thus that ingenious, and curious obferver.
A ccording to whofe, not improbable opinion,
this planet Fupiter hath all its parts orderly
placed, as is here upon earth.

And fo for the reft of the planets, whofe
faces exhibit different appearances, of bright.
er and darker parts, as Mars and Fenus par-
ticularly do (d), it is highly probable that there

| may be fuch a diftribution, fuch an allotment

of parts, as thofe in “Fupiter, and which are
more plainly vifible in our own globe,

(d) Sce Book 4. ch. 3.
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~ Which brings me to fpeak particularly of
our own globe, of which we have a nearer
view, and can plainly fee the footfteps of di-
vine Providence, inthe wife and orderly diff
pofition of all its parts; which are fo diftri-
buted, fo placed, as may beft minifter to the
feveral ufés and conveniences of an habitable
world, Thus for inftance, the two grand
parts, the folids, and the fluids of the terraque-
ous globe, inftead of being jumbled into one
mafs, are admirably parted, and as nicely laid
in proper places. -The earth depofited in ufe-
ful Strata; fome for the fervice of the vege-
table kingdomy fome for the generation and
nourifhment of minerals and metals; fome
for that of ftones and foflils; and fome for
the {weetcning and conveyance of the waters.
And here it is remarkable, and an argument of
wife defign and appointment, That all thofe
feveral Strata, or beds, are lodged at proper
and convenient depths, and diftances from the
furface; thar for vegetables, the uppermoft,
for every man to cultivate; and this divided
into various foils, and moulds, for all the va.
rieties of trees and plants; thofe Strara that
contain the minerals, metals, and foflils, at
fuch depths, as to be out of the way, when

El . il
|
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they may encumber, or hurt us; but may be
come at by us, when we have occafion for them.
And as for thofe Strata that convey the {weet
waters (¢) it is very remarkable, that they are
{o univerfal, in all, or moft parts of the world;
that they confift of fuch proper pervious mat-
ter; that they remain fo diftinét from, and
unmixed with the other Strata; and that they
lie at fuch due depths, as either to break out
into fountains or to be dug into, for wells.
But I fhall not enlarge on thefe matters, ha-
ving {poken of them eifewhere.

And as this {o commodious a diftribution of
the earth, {o that of the waters, 1s a manifeft
demonitration of the concern of a wife agent,
although we thould afcribe all that is poflible
to be aferibed, to the neceflities of naturein the
formation of the world. For the waters, if we
obferve them well, areaccurately difperfed,
and lodged about the world, for the proper
offices thereof, in feas, in lakes, in rivers,
and in fountains, to fatisfie the thirft of ani-
mals, to afford them fome part of their food,
and to miniiter abundant fupplies of vapours
for the clouds, the rains, and winds: which

(e) See Phyfico-Thesl, Book 3. ch. 2,
H
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fupplies muft either have failed, or been too
abundant, or have been attended with {fome or
other great inconvenience, without fuch a
commodious intermixture of the land and wa-
ters.

"This & veyayn, asthe LXX tranflate it, this
orderly gathering together of the waters, is
implied in Mofes’s relation of :his branch of
the creation. Gen. i. 9. ““ And God faid, let
¢ the waters under the heaven be gathered to.
¢ gether unto one place.”” Where the He-
brew word Jkkavu, denotes aregular and or-
derly gathering of the waters, as it their allot-
ment had been made, their receptacles had
been marked out by a rule, or a plumb line, by.
the CREATOR’s fat.

Thus it is demonfiratively plain, that the
carth and waters were laid by a wife hand 4
and therefore whatever concern nature might
have in giving a {pherical figure to our globe,
yet was the CREATOR the principal agent,
the grand manager of the matter,
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T he convenience and neceffity of a Sphaericel
Jfigure to the good of the Globes, is an Ara
gument they were the Work of GOD.

B Esipes the orderly and commodious
placing the parts of the feveral globes,

fpoken of in the laft chapter, there are
ftill other reafons to afcribe the {phaerici-
ty of our own and the other Globes to a wife
Agent, For befides that this figure is the
moft agrezable to a world, as being the moft
capacious; and the moft agreeable to a mafs
in motion, as being at a due diftance fromthe
center of motionand gravity ; fo without this fi-
gure there could have been no fuch comfort-
able, and agreeable alterations of day and night,
of heat and cold, as now there are, bur fome
~parts muft have been, for too long a time,
{kreened from the kindly approaches of the
Sun and Moon, and confequently have lain
under too long and uncomfortable a darknefs,
and been chilled with a miferable cold,. And
as to our own globe, the winds could not have

H-:
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given thofe kindly, and falutiferous agitations
to the air, as they do, but they muit have
been too much retarded, if not wholly ftopp’d
by the exorbitant angles, and jertings out of
other figures. And laftly, the waters, which
I fhewed to be well intermixed with dry-
land, would have had, intolerable conflue
cnces; one part too much, another none at
all; no vapours, no fountains, no rivers: fo
that inftead of an habitable, well ftocked
world, far the greater part would have been
cither a defart, or an unneceflary confluence
of water.

Thus having made it evident, that partica
larly our own globe reccived its figure by the
direCtion of the infinitely wife Architel? of all
things; we have reafon, had we none befides,
to conclude the fame of all the reft of the
globes of the Univerfe, in as much as they
agree with ours in other things as well as in
their figure, fo faras we have any knowledge
of them, and their {tate, Thusthe planets of the
Solar {yftem, have their light from the Sun
as well as we; they turn round on their own
axes, and revolve round the Sun, and confe-
quently have their days and nights, their
fummers and winters, as well as we; they
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have their hills and vallies, as I faid, their
land and waters, by all the figns that may
be, as well as we; and therefore agreeing
with our globe in fo many of thofe very
things, wherein their figure is concerned,
had we none of thofe reafons I have already
mentioned, there would however be great
reafon to prefume the fame thing of them,
as of our earth, v7z. that they received their
figure from the fame wife CREATOR, and
that (were we near enough to behold them)

they have as manifeft fignals of it as we have.

H 2
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BOOK VI

OF the ArTracTiON or Gravity of the
"T'erraqueous, and the other Globes,

Curar L

The Ufefulnefs of Attra&ion in the Produi-
on and Prefervation of the Figure of the
Earth, and the Defcert of heavy Bodies.

A v 1~ G in the two laft books treated
of the motions and figure of the globes,

I fhall in this confider their gravity or attrac-
t10n, which according to the modern philofophy
(which hath great reafon and probability on
its fide) hath a great agency in both thefe
matters, both in effeting and preferving the
figure of the globes, and governing their
motion.

As to the agency of the natural attration
of matter, in the produétion and prefervarion
of a fphaerical figure, as that of the feveral
globes is, befides what hath been before fup-
pofed, it may be colleéted from the fphaerical
figure which moft fluids take, when there is
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no obftacle to hinder their doing fo. Thus I
have faid guick-filver manifeftly doth, efpeei-
ally in {mall drops or quantities, in which
cafe their own felfattradting power, is equal
to, or exceeds that of the earth: {o doth
lead, and other metals, when in fluxion (a);
fo doth water, oyl, and in fhort all liquids,
which run nearly into a fphaerical form,
when hung on a fmall furface, as at the
point of a pin; or into an hemifpherical
figure, on a broader furface; their {elf-attrac-
tion caufing the former, as that of the earth,
and the furface on which they lye, doth the
Jatter. Thele Phenomena have indeed been aft
cribed to divers caufes, moft of them probable
enough, except the preflure of the incumbent
air ; but this is manifeltly not the true caufe,
by realon the cafe is the very fame in the
gir-pump (when the preflure is taken off') as
in the free air ;and therefore fome other caufe

(a) This is very marifefll from the making of fhot.
The way of doing which, is by running the melted lead
through a fad'e full of boles into cold water, in doing
which they take care, their lead be not too hot, becaufe
the globules would theu fly 1o pieces; mor toa cold, becaufe
it would then be ling and have tails ; but in a due temper

it turns round. They put orpiment into their lead, when
they melt and prepare it for fhot,

=
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is to be found: and what more probable, or
fo probable, as this of gravity or attraltion,
which manifeftly exerts itfelf in fome, and is
highly probable in all material things? (b)
In the earth itfelf there is manifeftly fuch
a thing as gravity, which might as well be the
natural caufe of the fphaericity of our globe,
as it is in that of lefler mafles; but then, as I
demonftrated in the laft book, it is alfo evi-
dent, that an over-ruling power, and a wife
providence, not only gave matter this gravita-
ting power, but guided and managed it in the
formation of the world.

And now upon fuppofition that gravity had
any thing to do in the production of this
fphaerical figure I am {peaking of; the fame
it muft have alfo in the confervation of that
figure. For the fame power it exerted at firft,
it retains ftill; which is as neceflary fiill to
the preventing and obviating all extravagant
excurfions, and deviations from that figure,
which may happen through extraordinary
commotions and convulfions in any of the

(b) For the proof of this I fhall refer to Sir Ifaac
Newton’s Opticks, Queft. 13. of the fecond edition, and
in his Principia in many places, particularly Book 3.

Prop. 5, 6, 7.

=S — -
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globes; fuch as earthquakes are, and other
fuch like furious concu(lions and emotions that
fometimes befall our own globe,

But leaving thefe conjeltural matters, let
us come to a more evident benefit of gravity,
and that is the natural tendency of all bodies
to the center of the globe: This is very ma-
nifeft in our own globe. For whatfoever the
decays are among earthly things, howfoever
their forms are changed, yet their matter re-
mainethentire, and returneth again to its grand
parent the earth: or to put in SoLoMoN’s
words, Eccl.i. 4. * One gencration pafleth
‘¢ away, and another generation cometh :
‘¢ but the earth abideth for ever.”

And an admirable provifion this is for the
perpetuity of the globe, and ro continue the
ftate and hability thereof throughour all ages,
which would otherwife wafte and decay, or
run into the moft irreparable and pernicious

difordcrs.

Ay RPN | Y

T he Guard which Gravity affords againft the
Centrifugal firce of the feveral Globes,

L'[ P o ~ a fuppofition that every of the

glebes revolves round its own axis
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{which I have fufficiently proved in the fourth
book) we fhall find, befides the benefits al-
ready {pecified, another very great ufe of
gravity to the good, yea the very exiftence of
our own and other globes, and thatis the
prefervation of their integrity againft the
centrifiugal force of this their revolution, or
‘diurnal motion.  For without fuch a band, as
gravity, to keep their parts together, the
whirling about of thofe globes would fhatter
them into pieces, and diflipate them abroad
into the circumambient fpace. Thus muft it
needs befall our own globe, which whirls about
at the rate of above 1000 miles an hour (a),
and is compoled of earth and water, materials
of much too Joofe a texture, to prevent the
diffipation, which the Centrifugal force of fuch
a rotation muft neceflarily occafion, about the
 Hquatorial parts; a rotation that would as
eafily throw off the parts of the earth, efpeci-
ally the waters, as the whirling round of a
wheel or a globe, would the loofe duft and
water lodged thereon. But by reafon the
Gravitating power exceeds the Centrifugal

(a) The diameter of the earth being 7967.7 miles;
according to B..1. Ch. 2. Note 1. ihe ambit thereof is
2§031.4 miles, which being divided into 24 bours,
makes the revolution to be at the rate of about 1043
miles an bour,
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s 2174 exceeds 7. 54064 (b, that is above
288 times ; therefore all parts lye quiet and
fecure in their refpe&ive places, and enjoy all
the benefits, which | fhewed do accompany
this motion, without any diflurbance from 1.
"T'hus is our own globe guarded by its Gravity
againft the Centrifugal force of its rotation,
But this is far more remarkable in fome of the
other globes. Thus particularly in the Sun,
whofe ambit is, 2482873 miles, and whirls
round once in about 25, days, and confe-
quently doth revolve atthe rate of 4262 miles,
in an- hour (¢), which is above four times as
faft asthe earth ; this in a little time would en-
danger its diflipation, without fuch a provifion
as Gravity 1s.

But what is this to the Centrifugal force
of Fupiter? whofe bulk far exceeds our ter-

(b) This is the proporiisn or nearly fo, of the pravi-
tating, tothe cemrifugal force of the Earth under the
A.guator, as may be compured from Sir Ifaac Newton's
Piincip, L. 3, Prop. i9.

(c) The Sun’s diameier being 822148 miles, the
sumbers bere afioned will naturally follow,

As to the Sun’s gravity or attralive power, il is (by
the calculation of my fiiend the acute and learred Dr.
Halley) to the Sun’s Centrifugal Farce, as 47000t 1 &
The method for finding which, fee in Nate e,
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raqueous ball, and whofe rotation is perform-
ed in lefs than half the time. But from a
computation of particulars, we fhall better
- eftimate the matter. The diameter of Zupi-
ter being 120653 miles, its circumference is
379043 miles : which revolving round in lefs
than ten hours, is at the rate of 38159 (d)
miles an hour at its Fquator And if the
denfity of every plan -t be proportional to irs
diftance from the Sun, as is now with great
reafon imagined, that is, if thofe planets
nearelt the Sun  as Mercury and Fenus, are
proportienably denfer than thofe more remote, -
as Fupiter and Saturn; then is the globe of
Fupiter of a laxer texture than ours is, and in
fo much the greater danger thercfore of being
whirl’d to pieces by fo rapid a motion as that
planet manifefily hath, were not its parts
(d) Fupiter's ambit being 379043 miles, and bis re=

volution @ b §06 minutes or §96 i nuies 3 the revelutis
an in an hour i5 by the Logarithms thus,

596 minntes 2.7752463
379043 miles 55786884
1100 minules 1.7781513
73568397

38159 miles 45815924
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kept clofe togethe:r, and fedate, by fuch a
band as Gravity (e) is.

Creap.’ 11

Of the Power and Ufefulnefs of Gravitytore.
tain the Planets in their Orbits,

ORr a conclufion of this fixth Book, I
fhall take notice of one more remarkable
benefit of Gravity, which is grounded upon
the fuppofition of the truth of the Newiorian

Philgfophy; which hath fo good grounds, and
great reafon, 1 might fay demonftrarions on

(e) The proportisn of Fupiter’s, or any other Planet’s,
or the Sun’s gravily, to their Ceutrifugal Force may be
computed from the moft fagacious Sir Ifaac Newton's
Princip. L. 3. Prop. 8. & 19. But the before commend-
ed Savilian Prgf for, fugg:ﬂed to me this eafier and
guicker rule, for fuck Planets as have Satellites, viz.
The proportion of the Ccmnfugal to the Centripetal
Force, or gravity of any planet at its furface, is com-
pnunded of the Ratio which the Cube of the Semidi-
ameter of the Planet hath to the cube of the diftance
of any of its Satellites from the center of that Planet ;
and the Ratio which the fquare of the Satellites Pe-
riodick time hath to the fquares of the Periodick time
of the Planet’s revolution. Thus for inflance the diffance
of Fupiter’s outermofl Satellite being 253 Semidicmeters
of Jupiter, and its period 16 days, 16 bours, 32 minures,
or 24032 minutes, and fupr'fer s revolution §26 minutes:
we [hall find the gravity in Fupiter's furface to be ts his
Centrifugal Force in bis Equatory as 1 to 9. 6.
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its {ide, particularly in this matter, that ad-:
mitting of it here, we fhall difcover another |
admirable work of the creation, and thatis,
the preventing the evagation of the Planets,
and the accurate retaining them within the due
bounds of their orbits. That this is done by
gravity, and that grevity and motion folve in
the moft complete manner, all the Phaenomena
of the planctary motions both primafy and fe-
condary, is abundantly made out by the won-
derful fagacity of the great Sir Ifaac Newton;
as may be feen in his Principra.

But before I come to the particular agency
of gravity, itwill be neceflary to premife
fomething concerning its nature, and fome of
its properties, wiz. That gravily is not ter
minated at the furface, but reaches to the ve-
ry center, and isextended toimmenfe diftances.
all round the centers of all the globes: By
which means, the celeftial bodies are enabled
to have fyftems of lefler globes revolving a-
bout them. For had the force of gravity de-
termined at, or near the {urface (as it mighe
have done, if intended only for the confervati-
on of the globes) in this cale, all the bodies
that were put in motion, and that were to pafs
at {fome diltance from them, would move on
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in a ftrait not curved line, and be loft in the
great aby(s of fpace. But the all-wife CREA-
'TOR hath, in his firft production of matter,
beftowed upon it fuch a property, as that e-
very particle thereof hath a tendency towards
every other particle. From whence it comes
to pafsthatevery body hatha Gravirating Pow-
er according to the folid content, or real quan-
tity of its matter, and notaccording to its fuper-
ficies, or extenfion. |

And this gravity of all bodies is obferved,
manifeftly to decreafe in proportion of the
fquare of their diftances reciprocally ; that is,
at twice their diftance the force is but one
~ fourth of what it was at a fingle diftance; and
but a ninth, at thrice the diftance, &c. :

That this_is {o, is abundantly prévcd by
‘the laft commended Author; who by cfta-
blithing this one principle in Philofophy, hath
fully explain’d the {yftem of the world, fo far
as relates to us, and to all the reft of the Pla-
nets, that regard the Sun as a center, both
primary and {econdary.

What the caufe of Gravity is, Sir Ifaac
Newton doth not pretend to aflign, his defign
‘being not to engage himfelf in framing hypo-

I 2
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thefes, but to explain the Phaenomena by ex-
periments only, and to raife his noble fuper-
ftructure upon them. And therefore although
the matters of faét, and the final caufes are
evident, I will not venture to fay how it comes
to pafs, that bedies a& at fuch immenfe dif-
tances upon one another; but chufe rather to
acquiefce in adoring the wifdom and power of
the GREAT AUTHOR of all things, who
hathinfpirited the materials of which the world
confifls, with fuch an aftive quality, as ferves
not only to prefcrve the globes themfelves
entire, but to enable them to revolve about
their luminous centcr (from whence they
have their light and heat) in orbs that are
the moft commodious, and alfo fixt and per-
manent.

Having thus premifed what was necefliry
for the underftanding the nature and proper-
ties of gravity, I fhall proceed to confider its
agency in the planetary motions. And here
we have divers things, which plainly demon-
{irate thefe motionsto be no matters of chance,
but the works of an infinitely kind, as well as
omnipotent and all wife Agent,

I have already in Book 4. Chap. 2. taker
notice, of the motion of the Planets, being
made, not in lines tending from the center to
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the circumference, or very obliquely thercto,
but acrofs, or nearly perpendicular to the
Radii, Alfo that the motions, and orbits of
the Planets, do not tend contrary ways, or in-
terfere with one another. ‘1 hat therefore -
which 1 fhall fpeak of here, concerning the
planetary motions being the work of Guod,
will be only fo far as gravity is therein con-
cerned.  And,

1. It was a very notable provifion to pre-
vent the evagation of the Planets, and to keep
them within their due and proper bounds, to
bridle and detain them with gravity, as with
fo many reins and bridles. For as the natu-
ral tendency of all impreft motion is in ftrait
lines, fo when motion'was given to the Pla-
nets, this motion (altho’ as I faid it was arti-
ficially made, perpendicularly to the Radii,
yet) would carry them quite away in their
tangents, fo that they would never return a-
gain. But being thus detained by gravity, a-
nother admirable provifion is that, 2. They
are moved in orbs: Which orbs are formed of
a motion compounded of this reftilinear im-
pulfe, impreft upon the Plancts, and the ten-
dency of their gravity to the centers, Tn
which motion a third thing very remarkalle

I3
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is, That the impulfe or velocity which is im-
parted by the firft mover to every Planet,
and the gravity of each Planet, are fo nearly
equal to what is required to make a body de-
fcribe a circle, that the orbits of the Planets
are not very eccentrical, but nearly circular.
As is particularly remarkable in Penys, and
the earth; and more efpecially in the whole
tyftem of Fupiter’s fatellites. And an admi-
rable work this is. For fhould the velocity
of any Planet be double to what would make
it move inacircle, the Planet would go away
in infinitum, without ever returning again in
any orb whatfoever. Or fhould one half of the
velocity be taken away, the Planet would de-
fcend obliquely towards the Sun, untl it be-
came four times nearer the Sun than before;
and then afcend again to its former place, de-
{eribing a very eccentrical orb.And by afcending
and defcending alternately, it would be heated
fixteen times more at one time than another.
Which uneven heat would make the Planet unfit
for habitation. And the fame thing would hap-
pen, if the determination of its motion fhould
he altered, fo as to become very oblique to
the Radius, drawn from the Planet to the Sun.
But thefe things being accurately adjufted and
contempered, make the whole fyftem to be a

&
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work of incomparable convenience and beau.
ty ; a work the beft contrived for the benefit
of the world’s inhabitants, and to fet forth
the curiofity and fkill of the infinite Workman.
' Tt is manifeft therefore that the {yflem of
the Planets is not to be reckon’d a matter of
chance or a thing owing to a neceffity of nature,
but the work of a kind and wile agent. And
that this is fo, will be farther manifeft from
the cafe of Comets, whofe motions, direéti-
ons and orbs being utterly different from thofe
of the Planets, demonftrate the Planetary
fyltem to have been modelled by counfel,
.and not by a neceflity of nature, or left
to chance. For as for the motion of Comets,
it is fo far from being always the fame way,
that they move fometimes contrary to one a-
nother. And as for their planes and direétions,
they lie every way. And as for their orbs,
they are exceedingly eccentrical.  And by
the bye, this eccentricity is an admirable con-
trivance of the CREATOR, to prevent the
Comets from difturbing either the Planets, or
one another, by their mutual attra&ions, For
by this means, they have a large and fufficient
room to revolvein ; and by afcending to very
great heights, above the fyftem of the Planets,
and fpending almoft all their time in the re.
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mote regions of the univerfe, at vaft diftances
both from the Planets, and from one another,
they do not incommode either the Plancts, or
themfelves; as otherwife they would have
done, fhould they have moved in the fame
planc with the Planets, For had they done
fo, they would have been apt fometimes to
have come too near the Planets, and have dif~
turbed their motions, and perhaps have dafhed
upon them alfo. But all thefe circumftances
are fo well adjufted, and {o wilely regulated
by the Divine Providence, that the fyftem
could not have been better contrived, either for
convenience or beauty.

And now upon this highly probable, I
might {ay phyfically certain theory, of gravity
alting in the motion of the globes, we have
another exquifite nicety, in the works of
the creation, that juflly deferves the great-
elt admiration and praife ; thatamong fo many
immenfe, moving malles, they fhoukd all ob-
ferve their due bounds, keep the moft proper
paths appointed for their convenience and
good, and at all times anfwer the great ends
to which they minifter in the creation. Par-
ticularly that the habitable globes fhould al-
ways remain at fuch due diflances, and move
in fuch proper orbits, as are beft for them,
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And that the Comets too, fhould at the fame
time pafs in paths utterly different, but yet
fuch, in all probability, as may render them
alfo of very great ufe to fome or other parts
of the world ; whether we look upon them as
places of torment (as hath been faid) or bo-'
dics appointed for the refrefhment and recruit
of the fun, or any of his Planets, as Sir
Ifaac Newton conjectureth in his Princip, L,
3. Prop. 41 & 42.

And now from the confideration of what I
have fhewn in this fixth Beok, to be either
highly probable, or very certain, concerning
gravity, we have another manifeft demonftra-
tion of the infinite CRE~ATOR?s wifdom and
care, and another cogent argument to excite
the higheft vencration and praife in bis creas
Lres,
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BOOK VIL

Of the Provifion made for Liguarand HEAT
throughout the UNIVERSE,

Caiaapr 1

Of the Light and Heat of the fixt Stars and
S U N.

S light and keat are two of the moft ufe:
A ful things in the univerfe, fo the infi
nitely wife and kind CREATOR hath made

an excellent provifion for thefe things; inall ~

probability, for every globe throughout the
univerfe, but partlcularly for thofe of our own
fyftem. For it is very manifeft, that every
globe we fee, doth fhine with its own native,
or with borrowed light. Even all thofe im-
menfe bodies at the greateft diftance from us,
the fixt ftars, which I have before faid, are
prnbtu fo many funs, it s light they mani-
fefily dart as far as to our fo diftant globe, as
well as what they emit for the enlightening,
warming, and cherifhing their own refpective
Planets,
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But 1 fhall forbear to launch out into thofe
conjectural matters, and fhall come nearer
home, into our own fyftem, where we have
enough to entertain our eye, to captivate our
thoughts, and to excite our highelt admiration
of thefe magnificent works of God ; whether
we furvey the great fountain it felf of our light
and heat, the Sun, its due pofition, and its
wonderful ufe to its Planets ; and the incom-
parable provifions that are made to fupply its
abfence and greater diftances from them,

And inthe firlt place, asto the Sunit felf;
what power is there that the moft extravagant
fancy can imagine to it {elf, that could ever
be able to make fo prodigious a mafs of fire as
the Sun is, but only the power of God’s Al-
mighty hand? A body of fo immenfe a bulk, as
I have fhewn it is, and of fuch an exceflive
heat, that no greater a number of its rays,
than what fall within the compafs of a two or
three inch burning glafs, fhall actually burn;
and what fall within the compafs of not many
feet, fhall far exceed the firongeft culinary
fire in the earth : Asis manifeflt fromitsalmoft
inftantancous burning and vitrifying the moft
obdurate, incombul(tible bodies, fuch as not on-
ly oreen wood, and white bodies, bur alfo
ftones, bricks, metals, yea gold it felf (the
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hardeft of all metals to be wrought upon by
fire) which yet is melted down in a few mi-
nutes (a)

Thus the infinite power and wifdom of
GOD, appear in the appointment and make
of that immenfe body of fire, the Sun ; a mals
wonderful, and worthy of its Maker, whether
we conflider its imimenfity, its exceflive heat,
_or its ablolute neceflity, and great ufe to us,
and to all the reft of its fyftem. But we fhall

(3) The famons burning Concave at Lyons, of 30 in-
ches Diameter, and others in France and Germany, of
reater breadths, have been celebrated for their feats in
iirnin‘g y calcining and vilrifying, both metallic and other
bodies. But 1 queftion awhether any of them have come
up to the Bu;-:,~f!:£~f:{fh'ﬂmfﬂf contrived by and made for
Sir Ifuac Newton, and by him prefented to the Royal So-
ciety. It confifts of 7 concave fiiled glaffes, each of
them 12 inches diameter, which are all fo placed, as to
have their Foci concur in one point. By awhich means the
heat is [o increafedy as in a furprifing manzer, to pera
form the feals here mentioned, and many others fm}ﬁaﬁng
them,

Having mentioned thefz Burning Concaves, it may be
of ufe on feveral occafions, and particularly for the cheap
trytng of experiments, ta take notice of what avas relcted
t; me by a Perfon of very bigh Quality 1+ Who doing me
the honowr to talk with me about fuch Concaves, told me,
that in Germany one Mr. Czhernbaufen, a Silefian Gens
tleman, made divers very J'm'gf Concaves with Pafle.
board ; which were covered over with a kind of Pafle or
Foil, that ffrong{}- rﬁﬁcﬂﬁd the Sun’s R:U'I. But what
their p.wer was, ke did not fee,

“re
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find yer farther evidences of the great CREA-
TOR’s worl in the following chaprer.

C ma'p, BL

Of the due Pofition and Diftance of thz Sun

and its Planets.

S the infinite power and wildom of God
A_ appears in the appointment and malké
of the Sun, according to the preceeding chap-
ter ; {o in rhis I fhall demonftrate the fame,
from the due Eoﬁtiﬂn of the Sun among his
Planets, and his due diftance from each of
them.

Now here we may take it for granted, that
the Sun is the fountain of the light and heat
of all the Planets, not only of the earth, but
of the other Planets, that move either about
the Sun, or the earth. But whether the Sun
be placed in the center of its fyftem, or the
carth be {o,is of no greatconfequence here to
enquire. But | have all along fuppofed the
former to be the moft probable hypothefis,
and it feems to be flill more {o, from the con-
fideration we are now ﬁpon, concerning the

K
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community of its light and heat to all the
Planets.  For fince it is manifeft, that what
light and heat the Planets have, they receive
trom the Sun, it is far more likely that this
their fountain of light, and heat, is placed in
the common center of them, and that they
move round about it rather than it about
them.

But be it o, or not fo, itis however very
certain,that all the Planets are placed at fuch a
due and proper diftance, from the Sun, that
they receive the beneficial rays thereof,in a due
manner and proportion, There is no great
reafon to doubt of this, among the Plancts
that are at greater or leffer diftances from the
Sun than we, becaufe we find a noble and
folemn apparatus, anfwerable to their diftan-
ces from the Sun; which I intend to fpeak of
hereafter.  But as for our own terraqueous
alobe, we have fufficient fignals of the great
care and counfel, that have been ufed in the
duc pofition, and diftance thereof from the
Sun. For as to its pofition to the Sun, I have
Leretofore fhewn,thatby the inclination of ité
axis, and its diurnal and periodical revolutions,
all parts have a due fhare of light and heat,
And as for its diftance, it 1s {fuch, as not on-
ly prevents the danger of its interfering with
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the other globes, as I have formerly obferv-
ed,but alfo it is duly adjufted to the denfity of
the earth and waters, and to the make and tem-
per of our bodies, and of all other things here
below. Had we been much nearer the Sun, our
world would have been burnt up, and wafted;
the waters,in the firft place,would have all been
turned into vapours, and dried up; vegetation
have foon ceafed, and all things would have
foon been wafted, if not burnt and confumed.
Or had we been notat fo very great a diftance,
but only a little nearer the Sun, than now we
are, as {uppofe a few thoufand of miles, ftill
the heat would be as the fquare of the (a)
diftance; and confequently too great, if not
for the Polar, yet for the Hquatorial parts.
And on the contrary, had we been fer ata
greater diftance from the Sun, fo would the
Sun’s heat have been abated, in proportion to

the {quare of that diftance. And in this cafe

if the diftance had been very great, we and
all things muft have been perpetually frozen
up ; or if it had been not fo great, the world
would have fuffered by cold, the Polar at
leaft, if the Equatorial parts could have ef-

caped. :
K 2
( a) Newton. Princip. p. 466.
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And in this cafe, when our globe fhould |
thus be parched up with everlafting heat, or
be everlaftingly frozen with exceflive cold ;
inftead of an habitable, pleafant, and comfor- |
table world, it muft become a defart, a place
of irkfomnefs, mifery, and everlafting punifh-
ment. But the great CREATOR having fo
wifely, and indulgently, ordered the diftance
between the earth and Sun, the Sun’s light and
heat are incomparably accommodated to the
flate and remper of all things here below, and
our world is well fitted for habitation, well
provided with every thing that may minifter
to the fupport, the comfort and pleafure of its
inhabitants. By thofc indulgent rays, all
things are enlightened, and we, and all the
reft of the animal kingdom, are enabled to
difparch our bufinefs, to feck and provide our
food, and to pafs from place to place, as our
accafion or pleafure lead us. By its cherifh
ing beams all things are warmed and comfor-
red, x’apn'ura, in fome meafure, made to rife
for the forming of elouds and rain; trees
and plants are enabled thereby to put on
their verdure and gaiety, and to yield us the
benefit and pleafure of their grain and fruit,
By the prefence of this great fountain of light
and heat, we and even nature too, is awake
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and excited; and by its ablence, grows tor-
pid and dull : Its abfence by night, difpoles
us to reft and fleep ; and even vegetables too
fhut up their flowers then (b), and in a man-
ner betake themfelves toreft: And its ab.
fence in winter, how doth it change the whole
face of nature, diveft vegetables of their gay
attire, force animals to places of fhelter and
fafeguard, and give an afpeé of melancholy
and horror to all things !

Thus it is manifeft how wifely and indul-
gently the great CREA I'OR hath provided
for the good of our planet, by fo critically
adjufting its pofition to, and its diftance from
the Sun, to the ftate and temper of it, and
all things thereon. And although the reft of
the planets encompafling the Sun, are fome
of them near to, fome of them farther fromir,
yet there is no great queftion to be made, but
the fame wife Contriver hath made as good a
provifion for them as for us, either by con-
tempering their denfity to their diftance from
the Sun, or by fome other the wifefl and beft
courfe; as we have very juft reafon to fuf:
peét, from that grand and folemn apparatus

K 3

(b) See Phyfico-Theols Book 10. V. 134.
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I fhall fpeak of, of fecondary planets. Which
leads me to confider the provifions made for
the fupply of the Sun’s abfence, andits great-
er diftance.

o R Uy |

The Neceflity of Light, and the provifion for
1t by the Atmofphere,

ErorE I come to the other planets, it
will be convenient to confider how the
Sun’s abfence is fupplied here upon the earth,
as alfo,probably,how it is fupplied in her con-
comirant the Moon.

And firft as to the earth. Of fuch abfo-
lute neceflity is light, (nof to mention heat)
that our world could not well be in the leaft
utterly without it, becaufe if there thould be
utter, abfolute darknefs (befides the great in-
conveniencies it might bring to vegetables,
minerals, and every other fuch like part of
the creation, befides this I fay) it would cer-
tainly put animals under an abfolute incapaci:
ty of performing their moft necellary bufinefs,
and aéting in that office which the Divine Pro-
vidence hath appointed them, although of
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greateft ufe to themfelves, or the reft of the
world. Men, for inflance, whofe bufinefs
and occafions oftentimes necellitate them to
borrow a part of the night; and all other ani-

- mals, particularly fuch whofe fafety, ortem-

per, or conflitution of parts (as of their eye,
for inftance, or fome other parts) confine
them to their dens, and places of retirement
and reft by day, and are therefore in courfe
compelled to {eek their food ,and wander about
on their moft neccllary occafions of life by
night ; all thefe, 1 fay, would at once be cut
off from one of the grand benefits of life,
from alting that part they bear in the creat.
on, during fuch time as they fhould be put
into abfolute darkne(s. But to prevent this,

- the infinitely wife Contriver of the world hath

made divers admirable provifions, both in our

own, and the other plancts too.  One provi-
fion which he hath made in our own globe,

and I might add that of the Moon alfo, is by
encompalling both with an atmofphere (a),

() Mr. Huaygens in his Cofmotheor. p. 115 concludes
the Vloan ts have no air or atmofpbere. becaufe we fee
its limb [ clearly and accurately defined, and becaufe e
thought there are no [eas or rivers in the Moon. = But
be wwus miflaken both in his conclufion and part of his pre-
mifes. For in the Sofar Eclipfe May 1. 1706, awhich

® in Switzerland was 1otal, they could manifeflly perceive
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which among other grand ufes, minifters very
much to the propagation of light, partly by |
refle&ting the rays of light to our eyes, and
pactly by refracting them, fo as to make them
vifible and ufeful to us, when otherwife they
would not appear. Hence that whitenefs and
brightnefs (b) obfervable in the air by day;
and hence the twi-light, when the Sun is hid-
den under the herizon, The like to which

is ob’ervable in the Moon alfo, in that fecon-
dary, rufty light which is feen in her eclipfes,
and before and after her quarters.

the Maon's atmofphere, at may be [een in the accounts
given in Philsf, Tranf. No. 306. And fiuce that, in
the laft 1otal Eclipfe of the Sun, April 22. 1715. the
Moon’s atnofphere was very difcernible, appearing in
the, form of @ curizus ring of vapours encompaling the
Mosn all the time of total darkuefs. Of which fee the
accounts, in the Philof. Tranf. and Mr. Whifton’s.
(b) See Phyfico-Theol, B. 1. €, 1. Note 12.
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The greai Ufefulnefs of the Moon, and the
mutual beneficial Returns which the Globes
make to one another,

H Aving fhewn the abfolute neceflity

of light, and the fupply thereof by
atmofpheres; let us next fpeak of the prin-
cipal provifion made for that, and for fupply-
ing the Sun’s abfence, and thatis by the Moor
and Stars, which as Mofes faith (a) rule the
night, as the greater light, the Sun, doth rule
the day. What influences thefe celeftial bo-
dies may have here below, in the bodies of
men, and other animals, or among vegetables,
foflils, or in any of the grand works of Na-
ture, is hard to determine, although vainly
pretended unto by the judicial Aftrologers :
but yet fome things there are, whofc periods
and crifes fo flritly obferve the courfes of the
Sun, cfpccially of the Moon, that on the o-
ther hand, itishard to deny the influences of
thefe bodies here below. The tides particus
larly have all along fo conftantly obferved the

v+ (a) Gem. 1. 16.
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courfesof the Moon, thatin all ages they have
been fufpeted to be caufed and governed by
that planet: and if the ftories of Pliny (b),
Ariftotle, and others of the ancients be true,
itisby herinfluence, that the bodies of oyfters
and other fhell-fifh are increafed and diminifhéd;
that the mafs of man’s blood is fo alfo; that
the humours are refolved and attratted, that
the dead bodies of beafts are corrupred ; that
all animals expire at the time of ebb, parti-
cularly man; that the fea purgeth it felf of
filth every full moon. which gave occafion to
the fable of the Sun’s having his ftable about
Meffina and Milazzo; and divers other fuch
like conceits, which thioie thc-rs name, too
many, and too lmprubablc, to deff:rve to be
reckoned up in this place. |

But whatever influences the Moon may have
vpon things here below, whatever her concern
may be in any tranfadion of nature, or any
other office of the creation, it is however very
certain that her Light, Eclipfes, Monthly Ke-
wolutions, and Latitude, or vagations towards
our poles; arc of great ufe to vs.

By her /ight, to which 1 may add that of
the ffars, we and the reft of the creatures are

(b) Plin. Nat. Hift. l. 2. ¢c. 41, 98, 99, 10I.
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able to protrat our day at pleafure, to go
hither and thither, as our occafions call, and
to difpatch many of our affairs by night, or
to betake ourfelves to repofe and reft, to
wlich, according to Pliny (c), the Moon doth
naturally inclime us.

As to the Eclipfes, whether of Sun or Moon,
they have their excellent ufes too. T'he aftro-
nomer applies them to confiderable fervices in
his way; and the geographer makes them no
lefs ufeful in his; the chronologeris enabled by
them to amend his counts of time, evenof
the moft, ancient days, and fo down through
all ages; and the mariner too can make them
{erviceable to his purpofe, to difcover his
longitude, to correét his account at fea, and
thereby- make himielf more fecure and fafe
in the untrodden paths of the decp.

So for the Mbnthly Revslutions of the
Moon, befides the ufes they have in the daily

‘wvariations of the tides, and perhaps caufing

fome {uch revolutions too in the humours and
bodies of animals, and in the works of nature;
befides this L fay, they arc manifeftly of ex-

(¢) Ferunt Lunae foemineum ac molle Sidus, atque
no@urnam, folvere humorem, et trahere, nonauferre.
Id manifeftum effe quod——=Somno fopitis torporem
contractum in caput revocet, Plin. L. 2. cap. 101,
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cellent ufe in the divifions of time, in mea-
furing out our months, as the Sun doth our
days and years, according to that appoint-
ment of the Creator. Gen. 1. 14. “ And
“ God faid, let there be lights in the firma-
¢ ment of the heaven, to divide the day from
“ the night; and let them be for figns, / and
¢ for feafons, and for days and for years.”
And laftly asto the Lunar Latitude, or
progrefles towards our poles, befides the ufe
hereot to the preventing the too frequent E-
clipfes of the Sun and Moon, thofe vagations
are of great ufe to the polar parts of the world,
in affording them a longer, as alfo a ftronger
and better light, than if the rays fell more
cblique: which muft necds be a very great
comfort, and of wonderful fervice to the inha-
bicants of thofe forlorn parts, in their long and
tedious nrgbta, of fome days, yea fome months
lengihs: to men, to enable them to difpatch
fuch of their affairs as ave of perpetual and
conftant neceffity; and to other animals of the
air, land, or waters, to enable them, with
greater eafe and pleafure, to get their food,
and pafs where their pleafure leads them.
Thus the great CREATOR hath made the
Moou tobe of admirable ufe to our earth, And
fo wifely hath he contrived his works, that

e

B e
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they are mutually ferviceable to one another,
fo that what good fervices one doth, the other
as readily returneth again. Thus as the Moon
is a Moon tous, fo the earth is with great rea-
fon concluded by the philofophers, to be a
Moon to the Moon; not indeed a fecondary
planet moving periodically about her, but
fuch a planet, as refle&s the light of the Sun
to her, and perhaps makes fuch like returns of
influx, as I faid the earth receives from her.
For it is not to be doubted, if the earth re-
fletts light, and gravitates to the Moon, as
well as the Moon to the earth (which is high-
ly probable) but that there is a mutual inter-
courfe, and return of their influences and good
offices. And this is ftill more probable from
the likenefs difcernible between-the earth and
the Moon, which isa ftrong prefumption that
the Moon may have the fame occafions for the
earth, as the earth for her. For that fhe is
an opake body, and that her furface is covered
in fome meafure with hills' and valleys, is ma-
nifeft beyond all doubt to our eye (d) as I faid

before: And that fhe hath an atmofphere, is
I :

{d) See Book 5. Chap. 2. Note cq
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what hath been not long fince (e) difcovered =
And that there are large oceans and collections |
of water is what I have before made probable |

i

(f). And therefore agrecing thus in conftituti- |
en and make, their occafions for, and influences |

upon each other are in all probability mutual,
and much the fame.

And after this manner the infinitely wife
Contriver of the univerfe {feems to have tranfs |
afted throughout that immenfe {pace, by mak-
ing all the feveral globes ufeful to one ano-

ther. Thus all the Planets of our folar fyff |

tem are ofconfiderable ufe to us, all of them
rcfleét light unto us, and fome of them a light
fo bright and {trong (as particularly Fenus and
Fupiter) that they are a good {upply of the
Moon’s ablence in the night, as well as the
Sun’s. ' Nay the very fecondaries (which I
fhall fhew are of greater ufe to their primary
Planets) have their nfes too amongft us; nog
only as being evident demonflrations of the
great works of God, but alfo in miniftring to
the difcovery of the longitude of the moft dif.
tant places upon the earth. So for the fixg
ftars, which I have before fhewn to be (pro-
bably) fo many Suns, minifiring to as many

() Seebefore, Chap. 3. Notea,
(f) Bock . Ch. 4. Notea, asalfe the Preface.

!
|
|
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fyftems of the Planets; it is certain they are
of great ufe to usin fupplying the abfence of
the Sun and Moon by night.  And therc is
no great doubt to be made, but that the like
returns are made to them, and their {yftems
by our Sun. So that here we have an admirable
oeconomy obfervable throughout all the vifible
regions of the univerfe, in the mutual affift-
ances, and returns, which one globe affords
the other, even at the greateft diftance,

C.H.A P Vi

Of the Moons, or fecondary Planets in genes
ral, which are obferved about fome of th:
primary Planets, ;

HAVlNG taken a view of the methods
which are ufed for the accommodating
the carth with light and hear, let us caft our
eye to the reft of our Solar fyftem, and cx-
amine whether any thing of the like kind is
to be found there. And here we fhall find
a no lefs admirable fcene of the great CREA-
- TOR’s care and wifdom, than we difcovered
in the earth and Moon. In Mars indecd, we

L2
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can difcern a great fimilitude with the earth,
in its opacity and fpots, but we have not yet
been ableto perceive any attendance of Moons, .
as in the other fuperior Planets; not fo much
probably becaufe thereare none, but becaufe.
they are {all, or they reflect a weak light and
are at a great diftance from us, and as for Fe-
nus and Mercury, ~there may be no occafion
for any attendants, by realon of their proxi-
mity to the Sun. But in the two higheft,
or more diftant Planets, Fupiter and Saturn,
we have a very noble, and entertaining fcene
of the CREATOR’s glory. For whereas
thofe two Planets are at a much greater dif
tance, than any of the other Planets, from
their fountain of light and heat, the Sun; and
as confequently their heat and light are abated
in proportion to the {quare of their diftances ;
fo to make them amends, they are {urround-
ed with a more grand retinue, of Jfecondary
Planets, or Moons; Fupiter with four, Sa=
turn with five, asitisimagined, and probably
more (a).

(a) Mr. Huygens in his Cofinctheor. p. 99. gives
1his account of the difcovery of the Satellites of Fupiter
and Saturn, That it is well known the difcovery of
the Circumjovials is owing to Galilaeo ; that the bright-

¢lt, and the uttermoft Circumfaturnial he happened to
{ce with a 12 foot glafs in the year 1665 ; that the
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And an admirable remedy this is, not on-
ly for the great diftance of thefe two Planets
from the Sun, but alfo for the tardity of the
periodick motion in their refpedive orbits,
For whereas Saturn revolves round the Sun
but once in near thirty years, and Zupiter
but once in near twelve, it comes to pafs that
the places near the two poles of thofe Planets,
have a night of near fifteen years in Saturn,
and fix in Fupiter, fuppofing their axes in-
clined to the planes of their orbits, as it is
in our own globe. But fuppofing (as it is
imagined) that their axes are not fo much in-
clined, and that their days and nights, their
winters and fummers, are nearly equal; in this
+ refpeét, the cafe would be worfe than in the
long nights, in the other cafe: butin both

reft are owing to Caffini, who firft faw them with a
glafs of Campani’s grinding, of 36 feet, and after-
wards with one of as many feet above an hundred.
T hat the third and fifth, Caflinifhewed him in 1672.
and afterwards oftner. That Caflini acquainted him,
by letter afterwards, with his difcovery of the firft
and {econd in 1684. That the two laft are not eafi-
ly difcerned, and he cannot fay he ever {aw them.
That befides thefe five, he fufpeés there may be one
or more lye concealed. Of which fee Chap. 7. fol-

lowing.
L3
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cafes, the polar parts of both thofe Planets,
would be difmal regions of darknefs, when
fo long detained from the kindly vifits of the
Sun. But an admirable remedy is found, and
a glorious fcene of the great CREATOR’s
works appears therein, as will be manifeft by
confidering particulars in each of thofe two
fuperior Planets.

Cuar. VL

Of Fupiter's Moons, Days, and Seafons,

IN {peaking concerning the fuperior Planets

in particular, I fhall begin with Fupiter.
'The diftance of this Planet from the Sun, is
reckoned to be 343 millions of miles farther

from the Sun than we are; and by that means,.

the Sun’s light and heat are 27 times lefs there
than with us, and its apparent diameter, five
times lefs (b). And confidering how vaft a
globe Fupiter is, having its {uperficies 100
times, yea, (according to Mr, Huygens’ com-
putations) 400 times bigger than that of the

(b) Gregorii Afiron. L. 6. Prop. 5. Mr. Hujgens

wakes the light and heat but-25 times lefs, and the

apparent diameter § times, Cofmoth, p. 103.

r
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earth; in this cafe, what a valt tra& of that
globe muft needs lie in profound darknefs,
and defolation, had no remedy been pro.
vided! But there are divers provided. One
is by the frequent rotations of Zupiter round
his own axis; which being performed in lefs
than 10 hours, it comes to pafs, that what is
wanting in the ftrength, and degree of light
and heat, 1s compenfated by the frequent re-
turns thereof,

T'he other remedy is by the increafe of the
number of Moons about Fupiter, who is at-
tended (as I faid) with four, as we who are
nearer the Sun, are with one. Concerning
which thefe four things are remarkable.

1. Their bulk, which in all pmbability,‘
is not in any of them lefs than our carth, as
the moft ingenious Mr. Huygens concludes (¢)
from their fhade wpon Fupiter’s dikk. By
‘which partly it is that,

2. They refle& fo flrong, brifk, and vivid
a light, as appears very illuftrious, and en-
tertaining, even to usat fo great a diftance
from it: Which cannot but be very pleafing
and comfortable to that Planet : Befides the no
lefs beneficial and friendly influences convey-
ed therewith at the fame time,

(c) Cofimastheor. p. 101,
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3. Their due diftances from Fupiter, and
from one another; and their agreeable perio-
dick revolutions, which I have formerly ob-
ferved (d) to be in the moft exa& mathematical
proportions. By the firft of thefe, thofe Satel-
lites efcape all difagreeable concourfes, and
violent oppolitions, and, in the moft kindly
manner, fend their influx to the Planet they
wait upon: And by the latter, they are
perpetually carrying about their light, and o-
ther benefits from place to place. For by the
motion of the innermoft, round once in lefs
than two days; of the next in about 3 £ days;
of the third in fomewhat above a week; and
of the outermoft in near 17 days: By thefe
means, I fay, it happens very feldom that
any part of Zupiter is at any time without the
prefence and attendance of one or more of
thofe fatellites; but one is vifiting one part,
whilft another is attending another, and ano-
ther another part, and Zuprter himfelf making
fpecdy rerurns and revolutions all the while,

4. The laft thing remarkableis the latitudes
of Fupiter’s Moons, or their progrefles to-
wards his poles, which are in a due proporti-
on to their diftances and periods: as I have

before fhewn, B. 4 KL S
(d) Book 4. Chap. a.
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And as the latitudes of thefe fatellites differ,
according to their diftances and periods; fo a-
nother remarkable thirfg therein, is, that they
fhift their latitudes in longer or fhorter times,
according as their latitudes, or vagauons to-
wards the polar parts of Fuprier, are greater
or lefler. By which means, fome are making
their progrefles towards “Fupiter’s poles one
way, whillt fomeare wandering the other way,
and {fome are flaying there a longer time, and
fome a leffer and leffer time. By which qua-
druple variety of latitudes,and perpetual chang-
-es of it, itcomes to pafs, that thofe large tradls
towards the polar parts of thatvaft planet, have
their due fhare in the light, and kindly fer-
vices, of its four Moons, and are {eldom or
never deprived of them.

e 2 AP . NiIL

Of Saturn’s Moons, Ring, Days, and Sea-
| Sfons,

AvING feentheadmirable provifion made
H_ forthe remedying Fupiter’s great diftance
from the Sun; let us, in the laft place, take
a view of Saturn; which is above 200 millions
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of Engli/b miles farther from the Sun than
Fupiter, and near 700 millions of miles farther
than 1s our earth. And here our glafles, as im-
perfeétas they are, have difcovered fo furpriz-
ing an apparatug, that muft needs firike every
one thatviews it with wonder and amazement.
For, in the firft place, inftead of four fa-
tellites or moons, as Fupiter hath, Saturn hath
five, and probably more. 'Three of thefe I
my felf have feen with Mr. Huygens 120
foot glafs; but for want of a pole of fufficient
height to mount the glafs high enough, I am
not furc I have feen any more. And befides -
thofe five, which others have feen; « there is
great reafon to conclude there is a fixth lying
between the two outermoft, there being alarger
fpace between them, than is in proportion to
what is found among(t the reft. And it is not
improbable but that there are others alfo lying
beyond the fifth, or the outermoft, but become
wviible at fo great a difiance from us, by
means of {ome obfcurity, fuch asisobfervable
in the outermoft itfelf, which is never to
be {feen by wus, Dbutin the weltern part of
its orbit, as Mr. Huygens well obferves (a),

(a) The reafon avhy Saturn’s jfifth fatellite appears
not on the eafiern, but aveflern part of its orbit, Nr.

-




Chap. 7. Saturn’s Satellites. 129

-~ Thefe fatellites we may reafonably con-
clude to be of a prodigious bulk, for the re-
fieéting of light, and for their other miniitrati-
ens to Saturn, becaufe otherwile they could
not be feen at fo great a diftance as the earth;
and particularly one of them (b) 1s of that
magnitude, and its light fo britk and vivid,
that it appears very illuftrious through our
longer glafles, and may be difcerned with our
fhorter.

As to the diffances, the periods, and lati.
tudes of thofe {atellites, they being confentane-
ous to what I have already taken notice of
in Fupiter, | fhall not infift upon them, but
pafs to another provilion made for the greag
diflance of that Planet; which is a thing fo
fingular to Saturn, fo unufual in all the

Huygensvery fagacioufly, like himfelf, conjelures ts be,
becaufe this fatellite, as the Moon dith to the earth,
always turns one and the fame fide to Saturn, and bee
caufe this fatellite hath, he imagines, only one part of
its furface clear, and the greateft part obfcure, and
not able to reflec? fufficient light to us; therefore alf the
time that cbfcure part is turned towards us (which is
whilft the fatellite isinthe Eaflern parts of its orbit)
it difappears : but in the Weflern parts it appears, be-
caufe the bright fides lie towards us. Cofinsth. p. 118.

(b) 1t is the fourth [atellite, or cutermoft but one,
called from its firfidifcoverer, the Huygenian Satellite,
:éﬂ'f ifﬁ‘i'%&ffu
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reft of the creation, and fo amazing, that it
is an evident and noble demonftration of the
great CREATOR’s art and care; and that
is Saturn’s ring. Concerning which thefe
things are obfervable.

1. The prodigious fize of it, its great breadth
and vaft compafs, this we may make a judg-
ment of, by comparing it with Saturn himfelf.
And fuppofing the diameter of Saturn to be,
as is before determined, 93451 Engli/h miles,
the diameter of his ring will be 210265 fuch
miles, and its breadth about 29200 (¢); an a-
mazing arch t an eye placed in that Planet.

2. The due and convenient diftance of it
from Saturn it felf; not clofely adhering to
it, becaufe that would annoy a large portion
of Saturn’s globe, by depriving it of the Sun’s
rays, but environing it about the diftance of
its breadth; by which means the Sun’s light
and heat are permitted to enter between the
Planet and its ring, whilft other rays are, at

(c) Mr. Huygens in bis Syflema Saturn. p. 47.
and Cofmotheor. p. 109. determines the diameter of
Saturn’s ring to the diameter of Saturn, to beas g to
45 and the breadth of the ring, and diftance of the
ving from Saturn’s body, tobe nearly equal, and ac~
cordingly thefe numbers are defined here. $
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the fame time, reflected upon the planet by
the ring.

3. The thicknefs of thering, which is hard-
ly, if at all perccivable by us; which is as
great a benefit, as its edging fhade would be
an annoyance, was the ring thick.

4. Its fmeothnefs and aptitude to refle&
light and heat (d) is a wonderful convenience
in it.  Was it full of mountains and vallies,
and I may add waters too, asin our earth, and
probably the Moon likewife, the refleftiors
would be too weak to render the ring vifible
unto us, at fo great a diftance as we are; buc
perceiving its light to be {o lively and ftreng,
as to render both itlelf, and Saeturn very
illuftrious, itis a demonftration of the aptitude
of its ftructure, and fmoothnefs for the refle&ti-
on of light and heat to the Planet it ferves.

5. As the periodical revolutions of the earth
are an excellent and providential contrivance,
for thofe ufeful and neceffary mutations we
have of the feafons of the year, fo no doubt
but the fame benefits accrue to thole revoluti-
ons, which Safurn hath about the Sun. Tt is
vifible that as Saturn changes its place in its

M

(d) See Huygen. Syf. Saturn. p. 70.
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orbit, {oits ring receives a variety of al-
peéts (e) not only with refpect to us, but to
the Sun. Thus in one part of the orbit it
appears with a (f) larger ellipfis, fo as to ex-
hibit a large fpace between it and Saturn: in
another part, with aleffer, and fo with a leffer
ellipfis, and fometimes as only a {lender ftraic
line, and fometimes it is not vifible at all (g);

(¢) Every 14 or 15 years Saturn’s ring hath the
Sfame face ;  appearing at one time with large open
anfac, at ansther time with no ring at all. Which ap=
pearances is obtained by gentle progreffes from the one
to the other face. As, if the anfae are the largeft,
they gradually diminifh, until no anfae or apertures
are to be feen in the ring, -and at laft no ring at al}
alfo, See Fig. 8.

(£) This Mr. Huygens fheavs, is avhen Saturn is
20 and one kalf degrees in Gemini and Sagittary.
This avas the appearance it had in April 1708, and
avhich it avill again receive at the end of 1722 ; only
avith this difference, that avhereas the ring traverfed
the upper or northerly part of Saturn’s difk in 1708,
it doth now, andwwill for fomeyears to come, traverfe
the lower or foutherly part thereof, as is reprefented
in Fi:g'. T

(g) DMr. Huygens fheavs that for about fix months
before and after Saturn’s being in 20 and a balf de-
grees of Virgo and Pifees, the ring is not vifible, bat
Saturn appears round. Syit. Saturn. p. 59, 74, Ge.
And accordingly at this very time, there is no appear-
ance of the ring, only a finall narrew lift or belt croffeth
the middle of Saturn’s difk, of a colour fomewhat dif-
Serent from the reffof Saturn’s phafe, and in the place
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alfo fometimes one fide of the ring is en
lightened, and refle@s light towards one part
of Saturn, fometimes the other enlightens -
nother part; and there is no doubt, but that
~as our carth has its feafons, according to its
pofition to the Sun, in its periodical motion
in its orbit; fo Saturn throughout his period,
hath his feafons, according unto his pofition
to the Sun, and the various refle&ions of the
ring upon the {everal parts of his globe (h).
Thefe five things obfervable in Saruri’s
ring, we have pretty good affurance of, from

nwhere the ring fhould be.  This appearance of Satursn
is reprefented in Fig. 8. avhich is the appearance ke
had through avery good 34 foot glafs, at the latter end
of Octob. and beginning of Nov. this prefent year 171 4.
But a little before this, viz. on Sept. 26. [ could
through an 126 foot glafs difcern the narrow ends of
the ring on each fidz Saturn., A reprefentation of awbich
1 bave given in Fig. 9.

- (h) There is very great reafon to imagine this dith
certainly bappen in Saturn, becanfe, as Mr. Huygens
obferves, Saturn appears [ometimes more Splendid than
at other times. Tta {femper, faithhe, quo propius
verfus Cancri et Capricorni figna acceflerit, eo majorem
aut certe {plendidiorem, etiam abfque telefcopio ay -
pariturum, quippe Annuli EHipfi femper fe latius pan-
dente.  Huygen. Syfl. Saturn.p. 50.

M2
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our views through good glafles. But thereisa
6. Thing I fhall add as only conjeétural,
and that is a fuppofition that the axis of Sa-
turn (i) is inclined (and that pretty much al-
{0) to the Planc of its ring or the Plane of its
orbit at leaft; and that he hath a diurnal ro-
tation in fome certain fhort {pace of time.
For without thefe two conveniences, very
large tralts of Saturn would fuffer extremely
for want of the Sun. For if Seturn hath no
other motion, but that round the Sun in its
orb, one part muft be excluded from the Sun’s
vifits for 15 years whilft the other partakes all
the while of them; and one hemifphere will en-
joy the benefit of the ring, whilft the other
is eclipfed by it: and in this cafe the ring
would be nearly as prejudicial to the eclipfed
part, as it is ufeful to the enlightened. But
fuppofing Saturn to move round in the fame,
or a fhorter time than Fupster, and in a path
pretty much inclined to the ring, all pares
then of that vaft Planet will have their fre-
uent returns of day and night, of heat and
cold. And fince this is what is difcernible in
the other Planets, and is no lefs neceflary for

(i) Mr. Huygens determines the inclination of Sa-
turi’s axis to the plane of his orbit to be 31 gr. as that
¢f the earth is 23 degrees. Cofinothear. p. 1Q8.
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the benefit and comfort of this we may rea-
fonably conclude the thing to be probable,
although not difcernible at Sarurn’s great difs
tance from us.

CHA 2" VI

The CONCLUSION.

Hus I have taken a view of the pro-
vifion made for thofe two grand, and
univerfal neceffaries, light and heat; things,
in all probability, no lefs neceffary for the o-
ther globes, than for our own; and things
which not only animals cannot fubfift without,
but what all things here below, ftand in need
of, as well as they. When therefore we
actually fee, and feel thofe indulgent pro-
vifions, thofe amazing aéts of the great CREA-
"TOR; when we have views of their extent
into myriads of other the moft diftant globes ;
when (to go no farther) we feein our own fyf-
tem of the Sun fucha prodigious mafs of fire as
the Sun is, placed in the center, to fcatter
away the darknefs, and to warm and cherifh
us by day, and fuch a noble retinue of Moons
M3
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and flars, attending and aflifting us by night;
when we fee this 7idulgence, this care of the
CREATOR, extended to all the other Pla-
nets, and that according to their feveral dif-
tances, they have a proportionate provifion
of the greater number of Moons, and Saturr
~a ftupendious ring befides, to fupply the de-
creafe of light and heat; who can be otherwife
than amazed at fuch providential, fuch ufeful,
fuch well contrived, fuch flately works of
GOD! Who can view their glories and par-
take of their beneficial influences, and at the

fame time not adore the wifdom, and praife

the #indnefs of their CONTRIVEK and
MAKER! But above all, fhould there be a-
ny found, among rational beings, fo ftupid,
fo vile, fo infatuated with their vices, as ro
deny thefe wworks to be GOD’s, and afcribe
them to a weceffity of nature, orindeed a mere
aothing, namely chance! But fuch there are
to be met with among ourfelves, and fome
fuch the prophet tells us of, Ifai. v. 11, 12,
Men thar had fo debauched themfelves with
drink, and enervated their minds by pleafures,
that ¢ they regarded not the wark of the
« Lord, neither confidered the operation of
<« his hands,” Such perfons have led their
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lives in fuch a manner, as to wifh there was
no GOD tocall them to account, would then
perfuade themfelves there is none; and there-
fore {tupidly afcribe thofe manifeft demonfira-
‘tions of theinfinite power and wifdom of GOD,
to a mere nothing rather than to their great
Author. But may we not with as good rea.
fon imagine a lighted candle, a well-made
culinary fire, a flaming beacon, or light-houfe,
to be the work of chance, and not of man, as
thofe glories of the heavens not to be the
works of GOD ? For it is very certain, that
as much wifdom, art, and power worthy of
God, is fhewn in the lights of the heavens;
as there is in thofe upon earth, worthy of man,
which nene can doubt were contrived and
made by man. And if from thefe mean con-
trivances and works of man, we conclude
them to be the works of man; why not the
grand, the amazing works of the heavens,
furpa{ling all the wit and power of man, why
nort thefe, 1 fay, the works of fome being as
much f{uperior to man? According to the ar-
gument of Chryfippus which fhall conclude
this book. ¢ If there be any being that
« can effe& thofe things, which man, al-
“ though endowed with reafon, is not able
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« to effeét; that being is certainly greater,
« and ftronger, and wifer than man. But
« man is not able to make the Heavens;
« therefore the being that did make them,
« excels man in art, counfel, prudence and

« power,”
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BOOK VIIL

Pracical Inferences from the {ore-

commg SURV LY,

N the f-regoing feven books having taken

a view of what prefents it felf to us in

the Heavens, and {eena fcene of the greatelt

grandeur, a work well contrived, admirably

adapted, and every way full of magnificence;

all that now remains is, to endeavour to make

thefe views and confiderations ufeful to our-

felves, Which I fhall do in the following
chapters.

Caals L

The Exiftence of GOD colledted by the Hea-
thens from the ¥ orks of the Heavens,

TH E firft and mofl ready and natural de-
dution we can make from fuch a glo-
rious fcene of workmanthip, as is before re-
prefented, is to confider, who the great F¥ ark-
man was e
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"That the author of all this glorieus fcene

of things was GOD, is fuch a conclufion,
that even the moft ignorant, and barbarous
part of mankind have becn able to make from
the manifeft fignals vifible therein; fignals {o
plain and conclufive, that Thully’s flosck (a)
cites it as Ariftotle’s opinion, ‘¢ Thatif there
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were fuch a fort of people, that had always
lived under the earth, in good and fplen-
did bhabitations, adorned with imagery and
pictures, and furnifhed with all things that
thofe accounted happy abound with: and
fuppofing that thefe people had never at a-
ny time gone out upon the carth, but only
by report had heard there was fuch a thing
asa Deity, and a power of the Gods; and
that at a certain time afterwards, the earth
fhould open, and this people get out of their
hidden manfions into the places we inhabit :
When on the fudden they fhould fee the
earth, the feas, and the heavens, perccive
the magnitude of the clouds, and the force
of the winds; behold the Sun, and its gran-
deurand beauty; and know its power in mak-
ing the day, by diffufing his light throughout

(a) De Nat. Deor. L. 2. ¢. 37.

1
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“ the whole heavens; and when the night
“ had overfpread the earth with darknefs, they
““ fhould difcern the whole heavens befpread
“ and adorned with ftars, and fee the variety
“ of the Moon’s phafes in her increafe and
‘“ decreafe, ‘together with the rifings, and
“ {fettings, and the ftated and immutable courfes
“ of ail thefe throughout all eternity; this
“ people, when they fhould fec all thefe
“ things, would infallibly imagine that there
“ are Gods, and that thofe grand works were
¢ the works of the Gods.” Thus have we
the opinion and conclufion of two eminent
heathens together, Ariftotle and Thully’s Zaick.

And if the Heavens fo plainly < declare
“ the glory of God, and the firmament fhew-
¢ eth his handy work (b);”’ if thofe charalters,
thole imprefles of the divine hand, are fo
legible, “ that their line is gone out through
« all the earth; and their words to the end
¢ of the world, fo that there is no language,
¢ tonguc, or {peech where their voice is not
¢ heard;” nay if thefc things are fuch, that
even a fubterraneous people would, at firft
fight, conclude themtobe GOD’s work; how

daring and impudent, how unworthy of a

(b) Pfalm xix. 1. &a
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rational being is it, to deny thefe works to
GOD, and afcribe them to any thing, yeaa
mere nothing, as chance is, rather than GOD?
Tally’s fforck laft mentioned denieth him to
be a man who fhould do this.  His words (c) -
are, * Who would fay he isa man, who when
¢« he fhould behold the motion of the heavens
“ to be fo certain, and the orders of the ftars
fo eftablifhed, and all things fo well con-
nefted and adapted together, and deny that
« reafon was here, and fay thefe things were
¢« made by chance, which are managed with
« fuch profound counfel, that withall our wit
«« we are not able to fathom them? What!
faith he, “ when we {ee a thing moved by
“ fome certain device, as a {phere, the hours,
¢ and many things befides; we make no doubt
¢« hut that thefe are the works of reafon. And
¢ {b when we fee the noble train of the hea-
“ vens, moved and wheeled about, with an
¢ admirable pace, and in the moft conftant
¢ manner, makingthofe anniverfary changes,
““ {o neceflary to the good and prefervation of
¢ all things; do wedoubt whether thefe things
“ are done by reafon, yea by fome more ex- -
“ cellent and divine reafon? For, /faith ke,

i
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(¢) Cicero ihid. cap. ‘3R,
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¢ {euting afide the {ubtilties of difputation,
¢« we may attually behold with our eyes, in
“ fome meafure, the beauty of thofe things
¢ which we affert are ordered by the Divine
‘ providence.” And then he enters into a
long detail of particulars of this kind, too
many to be named here.

Thus Cicero, throughout whofe work fo
many paflages of this nature occur, that it
would be endlefs to cite them: And there-
fore one obfervation that fhews what his o-
pinion was of the fenfe of mankind in the mat-
ter, thall clofe what he faith, and thatis in his
book de legibus (d), where he faith, “ Among
¢ all the tribes of animals, none but man
¢ hath any fenfe of a God; and among man.
kind there is no nation fo favage and bar-
¢ barous, which altho’ ignorant of what Cod
‘“ it ought to have, yet well knows it ought
¢¢ to have one.”

And after the fame manner Seneca (e),
who inftanceth in two things to thew the de-
ference we are apt to give to the general pre-

fumption and confent of mankipd, One is
N

L
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3 7 ARSI
(e) Epift. 117,
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in the smmortality of the foul; the other is in
the ¢ Exiftence of a Deity; which, faith ke,
among other arguments we colle& from the
innate opinion which all men have of the Gods:
For there is no nation in the world {o void of
law and morality, as not to believe but there
are fome Gods.” Nay, fo pofitive he is in
ghis matter, that in another place he expreily
faith, ¢« They lye that fay, they believe there
isno God. For although by day they may af-
firm {o to thee, yet by night they are to them-
Jfelves con{cious of the contrary.” Much more
could 1 cite out of this famous heathen; but
one paflage, relating to the Heavens, fhall
fuffice, and that isin his difcourfe fhewing* why
evils befall good men, fecing there is a Divine
providence (e).” ¥e takes it for granted in
this difcourfe, ,, that there is fuch a thing as a
DIVINE POWER and PROVIDENCE
« goverring the world; and he faith, it was
needlefs for him to fhew that fo great a work
(as the world) could not ftand without {ome
ruler; that fo regular motions of the ftars
could not be the effeéts of a fortuitous force,
and that the impulfes of chance muft be often-
times difturbed and juftle : That this undif-

(¢) Quare bonis viris, &ec. ¢, 1,
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turbed velocity, which bears the weight of fo
many things, in the earth and feas; {o greata
number of heavenly lights, both very illuftri-
ous, and alfo fhining by a manifelt difpofal,
muit needs proceed by the direétion of fome
eternal law : That this can never be the order
of ftraggling matter ; neither is it pollible for
things fortuitoufly and rafthly combined, to
depend upon,and manifeft fo muchart.” Divers
of which matters he proceeds to inftance in,
"Thus Cicero and Seneca: To whofe evidences
I might have added many others, particularly
a great deal out of Plato (the Divine Plato,
the Homer of philofophers, as he is called by
the antients:) but it would be necdlefs, as
well as tedious, fince thefe two former have
given us the fenfe of mankind, as well as their
own opinion in the matter,

Cuar IL
GOD’s Perfellions demonfirated by his W orks.,
manifelt demonftrations of his exz/lence;

fo they are no lefs of his perfedZions, parucular-
N 2

ﬁ. S GOD’s works have been fhewn to be
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ly of his infinite power, wifdom, and goodnefs ;
inafmuch as every workman is known by his
work. A palace that fhould have nothing de-
feltive in fituation, beauty, or convenience,
would argue the architeét to have been a man
of fagacity, and fkilful in Geometry, Arith-
metic, Optics, and all other mathematical
fciences, ferving to make a man a complete
architedt; yea to have fome judgmentin Phyfic,
and Natural philofophy too. And fo this glo-
rious {cene of GOD’s works, the Heavens,
plainly demonftrate the Workman’s infinite
#ifdom to contrive, his Omnipotency to make,
and his infinite Goodnefs, in being fo indul.
gent to all the creatures, as to contrive and
order all his works for their good. For what
lefs than infinite could effe&t all thofe grand
things, which I have in this difcourfe fhewn
to be manifeft in the Heavens? What archite&
could build fuch vaft mafles, and fuch an innu-
merable company of them too, as L have thewn
the Heavens do contain? What Matbematician
could fo exactly adjuft their diitances? What
Mechanic fo nicely adapt their motions, fo
well contrive their figures, as in the very beft
manner may ferve to their own confervation
and benefit, and the convenience of the other
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globes alfo? What naturalif?, what philsfepher,
could impregnate every globe, with a thing
of that abfolute neceflity to its confervation,
as that of gravity is? What optician, what
chymift could ever have hit upon fuch a noble

| . apparatus for light and heat, as the Sun, the

Moon, and the ftars are ? could amafs toge-
ther fuch a pile of fire as the Sun is? could
appoint fuch lights as the Moon and other fe-
condaries are ? None certainly could do thefe
things but GOD.,

C.oniprBE

Of GOD’s Relation to us, and the Duties
refulting from thence,

T appearing from the laft chapter how
great a éffrzg the CREATOR 1is, itis
time to confider what relation he ftands in to
us, and what is due from us to him. His re-
lation to us, is that of CREATOR; and as
fuch, of Confervator, Sovereign LORD, and
Ruler, one that hath an abfolute power over us,

and all things belonging to us, that can fub-
N 2 :
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_je& us to what laws he fees fit, and that can
reward or punifth us as we deferve. And in
this cafe, the leaft we can do, is to revere
and fear him at all times, to worfbip and ferve
him with all our power, to comply with his
holy will fincerely and heartily, and to sdey
him in all things he hath either forbidden, or
enjoined. And confidering alfo how great s
dulgence and love the CREATOR hath thewn
in his works throughout the univerfe, it na-
turally follows that we ought to be truly thant-
fud to him for his mercy and kindnefs, and to
Jove him for his love and goodnefs.

Thefe kind of Conclufions are fo natural,
that the very heathens have in fome meafure
made them. Thus Cicero’s ffoicé before cited,
() ‘¢ Quid vero? hominum ratio non, &,
What ? doth not man’s reafon penetrate as
far as even the very heavens? For we alone
of all animals have known the rifings, fet-
tings, and courfes of the ftars: By mankind
it is that the day, the month and year, is de-
termined; that the eclipfes of the Sun and
Moon are known, andforetold to all futurity;
of which luminary they are, how great they

(a) De Nat. Deor, L. 2. ¢. G1.
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will be, and when they are to happen. Which
thing the mind contemplating, it receives from
hence (b) the knowledge of the Gods: from
whence arifes piety ; to which is joined juftice,
and the other virtues; from which fpringsthat
bleffed life, which is equal unto, and like
that of the Gods themfelves, and in no ref-
ped yielding to thofe celeftials, except in im=
mortality, whichis not neceflary to happyliving,
And in his book De Legibus, (c) Cicero brings
in his collocutor faying, Sit igitur hoc a prin«
cipio perfuafum, &c. 7. e. Let this be what
every member of the commonwealth is fully
convinced of from the beginning, that the
Gods are Lords and Governors of all things;
that whatfoever things are done, they are ma-
naged by their influence, rule, and divinity;
that they merit a great deal of mankind; and
obferve what every oneis, what he doth,
what he admits into his mind; with what mind,
what piety he cultivates religion; and that
they take an-account both of the righteous
and wicked. For, /aith he, Minds that are
endued with thefe principles, will {carce ever

(b) Some read it inflead of Accipit ad cognitionzm
Deorum; Accipit ab his Cognitionema Deorum,

() £al. o o
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depart from that opinion that is ufeful and
true.”” Anda little after, (d) one of the laws
arifing from hence he faith is, “ Let men ap-
proach the Gods with purity, let them practife
piety; for he that doth otherwife, God him-
felf will be the avenger of.” 'This purity and
fincerity is fo neceflary a concomitant of re-
ligion and divine worfhip, according to Cicero,
that he makes it, in another place, to be that
which diftinguifhes religion from fuperftition,
(e) « Cultus autem deorum eft optimus, &c,
Bur that religion, that worfhip of the Gods
is the beft, the pureft, the holieft, and fulleft
of piety, that we always revere and worlhip
them with a pure, upright, and undefiled
mind and voice. For, faith he, not only the
philofophers, but our forefathers, bave dif-
tinguifhed fuperftition from religion ; ” which
he afligns the diflcrence of, and then tells us,
« that the one hath the name of a vice, the o-
ther of praife.” ,
Thus as the heathens have, by the light
of nature, deduced the exiftence and attributes
of God from his works, and particularly rhofe
of the Heavens; fo have they, at the {fame

(d) Cap. 8.
(¢) De Nat. Deor, L. ¢c. 28,
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time, colletted what the principal duties are
which men owe to God; {o reafonable, fo
natural, fo manifeft they are to all mankind.

Crsis™ IV,

Laltantius his Argument againft the Heathen
Gods.,

He next inference fhall be one made
bytheeloquent La&tantius: (a)<¢ Argu-
mentum illud quo colligunt univerfa Cozcletlia
Deos effe, &c. 7. e. Thatargament whereby
they conclude heavenly bodies to be Gods,
proveth thecontrary: for if therefore they think
them to be Gods, becaufe they have {uch cer-
tain and well contrived rational courfes, they
err. For from hence it appears that they are
not Gods, becaufe they are not able to wander
out of thofe paths that are prefcribed them:
Whereas if they were Gods, they would go
here and there, and every where, without any
compulfion, like as animals upon the earth do;
whofe wills being free, they wander hither and
thither, as they lifl, and go whitherfoever their
minds carry them,

(a) Zuflitut. L. 2. . 5..
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Thus Lactantius, with great reafon, refutes
the Divinity of the Heavenly bodies; which,
on the contrary, are fo far from being Gods,
and objeds of divine honour and worfhip, that
fome of them have been taken to be places of
torment. ‘Thus comets particularly, which
muft needs have a very unequal and uncem-
fortable temper of heat and cold, by reafon
of their prodigioufly near approaches to the
Sun, and as great recefles from it.  Thusac.
cording to the before commended Sir Ifaac
Newton’s (b) computation, the comet 1680,
in its perihelion, was above 166 times nearer
~ the Sun than the earth is; and confequently
its heat was then 28000 times greater than that
of fammer: So that a ball of iron as big as
- the earth heated by it, would hardly become
cool in goooo years. Sucha place therefore
if defigned for habitation, may be imagined
to be deftined rather for a place of torment,
than any other fort of living.

But above all, the Sun itfelf, the great
obje& of heathen worfhip, is, by fome of our
own learned countrymen, fuppofed to be pro-

bably the place of Hell. Of which M.

(b) Priuncipia, p. 466.
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Swinden hath written a treatife called, ¢« An
enquiry into the nature and place of Hell.”

—

GO B Y

T his Survey of the Hequvens teaches us not to
overvalue the World; with Refleftions of
the Heathen W riters thereupon.

Roax the confideration of the prodigious
F magnitude and multitude of the heaven-
Iy bodies, and the far more noble furniture
and retinue which fome of them have more
than we, we may learn not to overvalue this
world, notto fet our hearts too much upon it,
or upon any of its riches, honours, or plea-
fures. For what is all our globe but a point,
a trifle to the univerfe! a ball not {fo much as
vilible among the greateft part of the Heavens,
namely the fix’d flars. And if magnitude or
retinue may dignify a Planet, Saturnz and “Fu-
prter may claim the preference: Or if proxi-
mity to the moft magnificent globe of all the
fyftem, to the fountain of light and heat, to
the centre, can honour and aggrandize a Pla.
net, then Mercury and Penus can claim that
dignity. If therefore our world, be onc of
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the inferior parts of our {yftem, why fhould
we inordinately {eek and defire it ? But above
all, why fhould we unjuftly grafp atit, and
be guilty of theft or rapine, lying or cheating,
or any injuflice, or fin for it? Why fhould
we facrifice our innocence for it, or part even
only with a good name for it, which Solomon
faith (a) is rather to be chofen than great rich-
es? Why fhould we do thus, if" e were fure
of gaining the whole terraqueous globe, much
lefs do it for a {mall pittance of it, as the beft
empire in the world is? For as our bleffed Sa-
viour argues, Matt. xvi. 26. “ What is a man
profited, if he fhould gain the whole world
and lofe his own foul? or what fhall a man
give in exchange for his foul

Bat pafling over thearguments which Chrifti-
anity fuggefts, let us fee how fome of the
heathen writers defcant upon this fubjed.
Pliny (b) is very pathetical in his refletions,
when he had fhewn what little portions of
the carth were left tor us, and what large tradts
were rendered (as he thought) ufelefs, the
frigid zones being frozen up with exceflive
cold, the torrid zone being burnt up (as the

(a) Prov. 22. 1.
(b) Nat. Hiff. L, a. c. 68.
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opinion then was) withan exceflive heat, and
other parts drowned by the fea lakes and ri-
vers, and others covered with large woods,
defarts, or barren mounrtains: he then ex-
claims thus, Hae tot portiones terrae, .
7. e. 'Thefe little parcels of land which are
left for our habitation; yea, as many have
raught, this point of the world  for no other
is the earth -1 refpet of the univerfe) this is
 thematter, ths the feat of our glory: Here itis
we bear our honours; here we exercife our

. authority; here we covet riches; here mankind
makes a buftle; here we begin our civil:wars,

- and foften the earth with mutual 'ﬂaugh?f:rs.”l
And then having fhewn how by fraud and vio-
lence men firive to enlarge their eftates, faith
he, ¢ What a little part of thofe Jands doth
- he enjoy? And when he hath augmented them,
even to the meafure of his avarice, what a
poor pittance is it that his dead body at laft
poffeflech2” Thus Pliny. And after the fame-
manner teneca reflets upon the matter (c)

~ when he thews how virtue tends to make a man,

- compleatly happy ; among other things, by
.~ preparing hin for the fg:?ety of God, by e

i (¢} Nat. Duaefi. L. Pracf. | "
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nabling the mind, to foar above the things
here below, and to make him laugh at the coft-
Iy pavements of the rich, ‘yea, the whole earth
with all its wealth. ““ Nec enim poteﬂ Jaith
be, ante contemnere porticus, &c. 7. e, “ A
man can never be able to flight the flately
piazzas, the noble roofs fhining with ivory,
the curioufly clipped woods, and the pleafant
rivulets conveyed to the houfes, untill he hath
furveyed the whole world, and fpying from
above our little globe of earth, covered ina
great meafure by the fea; and where it is not,
is far and near fqualid, and ecither parched
with heat, or frozen with cold, he faith to
himfelf, Is this that point, which by fire and
fword is divided among fo many nations? O
how ridiculous are the bounds of mortals!
"The Ifter bounds the Dacians, the Strymon
the Thracians, Euphrates the Parthians, the
Panube parteth the Sarmathians and Romans,
the Rhine gives bounds to Germany, the
Pyrences to France and Spain, and between
KEgypt and Hthiopia lie the vaft unculi.
vated fandy defarts. 1f any could give hu.
man underftanding to ants, would not they
too divide their molehills into divers provinces?
And when thou liftcft up thyfelf in thy truly =
great providence, andfhall {ee the armed hofls
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pafling here, and lying there, as if fome great
matter was to beacted, confider that this is no
more than the running of ants in a molehill.
For what difference between them and us, but
only the meafure of a little body? That is
but a point in which thou faileft, in which
thou wageft war, in which thou difpofeft of
kingdoms. But above there are valt {paces,
to whofe poflcflion the mind is admitted, pro-
vided it brings but little of the body along
with it, that it is purged of every vile thing,
and that it is nimble and free, and content with
fmall matters.”” And fo he goes on to (hew,
that when the mind is once arrived to thofe
celeftial regions, how it comes to its proper
habitation; is delivered from its bonds; hath
this argument of its Divinity, that divinethings
delight and pleafe it, and is converfant with
ti.cou as its own; that it can fecurely behold
the rilinz and fettings and various courfes of
the flars; that it curioafly pries into all thofe
matters, as nearly appertaining ro itfelt; that
then it contemns the narrow bounds of its for-
mer habitation, it being but a trifling fpace,
of a few days journcy, from the utmoft limits
of Spain to the very Indics; whereas the

celeftial regions afford a path for the wander-
O 2
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ing of the fwifteft ftar for 30 years, without
any refiftance; in which regions he tells us
the mind arrives tothe knowledge of thofe
things at laft, which it had before long en-
quired after, and there begins to know GOD,
"T'hus Seneca; which fhall {uffice for this third

inference,

Cuar VL
T hat we foould afpire after the heavenly State,

I Shall only deduce one thing more from my
preceeding view of the Heavens, and that

is, to afpire after the heavenly ftate, 10 feef ,

the things that are above. We are naturally
pleafed with new things; we take great pains,
undergo dangerous voyages, to view other
countries : with great delight we hear f new
difcoveries in the Heavens, and view thofe
glorious bodies with great pleafure through
our glaffes. With what pleafure then fhall
departed happy fouls furvey the moft diftant
regions of the univerfe, and view all thofe

glorious globes thereof, and their noble ap.

pendages with a nearer view? Only let us

take efpecial care to ¢ fet our affections on
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thingsabove;” to be ¢ fpiritually not carnally-
minded; ’ anlfoto ¢ run the race which Chriit
hath fet before us, ”’ that we may arrive to
that place which he hath prepared for his faith-
ful {ervants, that he may ¢ receive us unro
himfelf, that where he is. there we may be alfo ;
in whofe prefence is fulnefs of joy, and at
whole right hand are pleafures for evermore,”
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