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The INTRODUCTION.

in different periods, perform their re-
volutions from Weft to Eaft in the fol-
lowing order :

1. ¥ Mercury is neareft to the Sun of
all the planets, and performs its courfe
in about three months. 2. 2 Penus in
about feven months and a half. 3. &
The Eeorth in ayear. 4.3 Mars n a-
bout two years. 5. % Fupiter n twelve.
And laftly, » Saturn, whofe * Orb:f in-
cludes all the reft, {fpends almoft thirty
years in one revolution round the Sun.
The diftances of the Planets from the
Sun are nearly in the fame proportion
as they are reprefented in Plate 1. viz.
Suppofing the diftance of the Earth
from the Sun to be divided into 10.
equal parts, that of Mercury will be
about 4 of thefe parts; of Venus 73 of

Mars 155 of Jupiter 52 ; and that of
Saturn 93.

The

The Choracters placed before the names of the Pla-
nets, are for brevity’s fuke commonly made ufe of b

: ¥
Altronomers, inftead of the words at length, as ¢,
tor Fenus, &c.

* By the Orbit of a Planet is commonly underflood
the Traét or Ring, defcribed by its Center round the
Sun, but by the Plane of the Orbit is meant a flat

Syri;'ace extended cvery way through the Orbit infe
nitely.
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Seft. 1. Of the SoLAR SysTEM! 3

The orbits of the Planets are not all
in the {ame plarie, but varioufly inclined
to one another; fo that fuppofing one
of them to coincide with the above
{cheme, the others will have one half
above, and the other half below 1t, in-
terfe&ting one another in a line paffing
through the Sun. The plane of the
Earth’s orbit 1s called the Ec/iptic ; and
this the aftronomers make the ftandard
towhich the planes of the otherorbitsare
judged toincline. The right line pafling
through the Sun, and the common in-
terfection of the plane of the orbit of
any planet and the Ecliptic, 1s called
the Line rgf the Nodes of that planet 5 Nodes.
and the points themfelves, wherein the
orbit cuts the Ecliptic, are called the
Nodes.

The inclinations of the orbits of the
Planets to the plane of the ecliptic, are
as follows, viz. the orbit of Mercury
makes an angle with it of almoft 7 de-
grees; that of Venus fomething above 35
degrees; of Mars, a little lefs than 2
degrees; of Fupiter, 1y degree; and
of Saturn, about 2. degrees. The or-
bits of the Planets are not circles, but
ellipfes or ovals. What an ellipfis is,
may be eafily underftood from the

B2 follow-
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ermoft, performs its courfe in the f{pace
of 16 Days, 18 Hours ; and i:_a diftant
from Fupiter’s center 25+ of his Semi-
diameters,

Saturn has no lefs than five Satellites
the fir/?, or innermoft, revolves about
him in 1 Day, and 21 Hours, at the dif-
tance of 4% Semidiameters of %, from
his center; the fecond compleats his
period in 2} Days, at the diftance of

5% of his Semidiameters; the third, in

about 43 Days, at the diftance of 8z
Semidiameters ; the fourzh performs its
courfe in about 16 Days, at the dif-
tance of 185 Semidiameters; the ffzhand
outermoft, takes 7g; Days, to finifh his
courfe, and 1s 56 Semidiameters of Sa-
turn diftant from his center, The Sa-
tellites, as well as their primaries, per-
form their revolutions from #eft to
Eaft : The planes of the Orbits of the
Satellites of the fame Planet are vari-
oufly inclined to one another, and con-
fequently are inclined to the plane of
the orbit of their primary.

Befides thefe attendants, Safurn is en-
compafled with a thin plain Ring, that
does no where touch his body : The di-
ameter of this Ring is to the diamete?

o
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The INTRODUCTION.

fame direction from the Earth, or to-
wards the fame part of the Heavens the
Sun 1s in; fhe either appears with a
bright and round face, like a full Moon,
or elfe di{'apﬁears: Or, if fhe is vifible,
fhe appears horned, like a new Moon ;
which pha&nomena could never happen
if ¢ did not turn round the Sun, and
was not betwixt him and the Earth:
For fince all the Planets borrow their
light from the Sun, it is neceffary that
¢’s lucid face fhould be towards the
Sun ; and when fhe appears fully illu-
minated, the thews the fame face to the
Sun and Earth; and at that time fhe
muft be above or beyond the Sun ; for
in no other pofition could her illumi-
nated face be feen from the Earth. Far-
ther, when fhe difappears, or if vifible,
appears horned, that face of her’s which
1s towards the Sun is either wholly turn-
ed from the Earth, or only a fmall part
of it can be feen by the Earth; and in
this cafe the muft of neceflity be betwixt
us and the Sun. Let S be the Sun, T
the Earth, and V Venus, having the fame
face prefented both towards the Susx
and Earth; here it is plain that the Sun
1s betwixt us and Penus, and therefore
we muft either place #enus in an Orbit
round the Sun,and likewife betwixt him

and
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and us, as in Fig. 1. or elfe we muit
make the Sun to move round the Earth
in an Orbit within that of Penus, as in
Fig. 2. Again, after Venus difappears,
or becomes horned, at her * ¢ with the
o, fhe muft then be betwixt us and the
Sun, and muft move either in an Orbit
round the Sun, and betwixt us and him,
as in Fig. 1. or elfe round the Earth,
and betwixt us and the Sun, as in Fig 2.
But Fenus cannot move fometimes within
the Sun’s Orbit, and fometimes without
it, as we muft fuppofe if fhe moves
round the Earth; therefore it is plain
that her motion 1s round the Sun.

Befides the foregoing, there is another
argument to prove that Vezusturnsround
the Sun in an Orbit that is withm the
Earth’s, becaufe fhe is always obferved
to kecp near the Sun, and in the fame
quarter of the Heavens that he is in,
never receding from him more than
about i of a whole cucle; and there-
fore fhe can never come in oppofition
to him ; which would neceffarily hap-
pen, did fhe perform her courfe round
the Earth either in a longer or fhorter
time than a Year. And this is the

reafon

* & Is a mark commonly ufed for conjunéion : thus
& with the®, is to be read conjunétion with the Sun,

It
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diftant objets increafe or decreafe in
proportion to their diftances from us 1
But Mars keeps always nearly at the
fame diftance from the Sun; therefore
it 1s plain that it 1s not the Earth, but
the Sun, that is the center of his
motion.

It is proved in the fame way, that
“fupiter and Saturn have both the Sun
and the Earth within their Orbits, and
that the Sun, and not the Earth, is the
center of their motions ; altho’ the dif-
proportion of the diftances from the
Earth is not fo great in Fupiter, as it is
in Mars, nor fo great in Saturn, as itis in
Fupiter, by reafon that they are at a
much greater diftance from the Sun.

We have now {hewn that all the Pla-
nets turn round the Sun, and that Mer-
cury and Venus are included between
him and the Earth, whence they are
called the Infersor Planets, and that the
Earth 1s placed between the Orbits of
Mars and Venus, and therefore included
within the Orbits of Mars, Fupiter, and
Saturn, whence they are called the Su-

?erfﬂr Planets : And fince the Earth is

in the middle of thefe moveable bodies,
and 1s of the fame nature with them,
we
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we may conclude that (he has the fame
fort of motions; but that fhe turns
round the Sun is proved thus :

i;’-

All the Planets feen from the Earth Theearth
appear to move very unequﬂll}', does not

as :
- 2 ftand ftill,
fometimes to go fafter,  at other times but turns

flower; fometimes to ‘go ‘backwards, ki
and {ometimes to be ftationary, or not to "™
move at all; which could not hap

if the Earth ftood ftill. Let § be the Fig. 4.
Sun, T the Earth, the great circle

A B CD the Orbit of Mars, and the
numbers 1, 2, 3, &e: its equable mo-

tion round the Sun ; the correfpondent
numbers 1, 2, 3> &e. in the circle 4,

b, ¢, d, the motion of Mars, asit would

be feen from the Earth. It is plain
from this Figure, that if the Earth
ftood ftill, the Motion of Mars, will be
always progreflive, (tho’ fometimes very
unequal ;) but fince obfervations prove

the contrary, it neceflarily follows, that

the Earth turns round the Sun,

The annual periods of the Planets The An-
round the Sun are determined by care- Iﬁ'{ﬂl ":314
fully obferving the length of time porions
fince their departure from a certain of the
pomt in the Heavens, (or from a fix’d Flancts,

; : . how com-
Star) until they arrive to the fame again. puted,
By






Sect. 1. Of the SoLAR SYSTEM.

and after they have been hid for the
fame {pace of time, that they were vi=
fible, they again appear to rife in or
near the fame place, as they did at firft,
then to creep on progreflively, taking
the fame courfe as they did before.
Thefe {pots have been obferved on the
furfaces of the Sun, Venus, Mars, and
;‘ﬂpz'rfr; by which means it has been
ound that thefe bodies turn round their
own axis, in the times before-menti-
oned. Itisvery probable that Mercury
and Safurn have likewife a motion round
their axis, that all the parts of their
furface may alternately enjoy the light
and heat of the Sun, and receive fuch
changes as are proper and convenient
for their nature. But by reafon of the
nearnefs of ¥ to the Sun, and »’s
immenfe diftance from him, no obfer-
vations have been hitherto made where-
by their {pots (if they have any) could
be difcovered, and therefore their Diur-
=mal motions could not be determined.
The Diurnal motion of the Earth is
computed from the apparent revolu-
tion of the Heavens, and of all the Stars
round it, in the fpace of a natural Day.
The Solar fpots do not always remain
the fame, but fometimes old ones vanifh,
and afterwards others fucceed in their

6 roem ;
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Geocentric Place. So likewile Fupiter
and Saturn will be feen from the Sun
in the points E and F, their Heliocen-
tric places; but a {petator from the
Earth will fee them in the point of the
Heavens G, which is their Geocentric
place. Thearches DG, EG, FG,'the
differences between the true and appa-
rent places of the fuperior Planets, are
called the Parallaxes of the Earth’s an-
nual Orb, as feen from thefe Planets.
If thro’ the Sun we draw SH parallel to
A G, the angles A ¢S, A%S, ARS,
will be refpectively equal to the angles
DSH, SH, and FSH: and the
angle A G S 1s equal to the angle
G SH, whofe meafure 1s the arch GH;
which therefore will be the meafure of
the angle AGS, the angle under which
the femidiameter A S of the Earth’s
orbit, is {een from the Starry Heavens.
But this femidiameter 1s nothing in re-
{pect of the immenfe diftance of the
Heavens or Fixed Stars; for from thence
it would appear under no fenfible an-
gle, but look like a point. And there-
tore in the Heavens, the angle G S H,
or the arch G H vanithes; and the
Pomnts G and H coincide; and the
arches D H, EH, FH, may be con-
fidered as being of the fame bignefs

with
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with the arches DG, EG, and I G,
which are the meafures of the angles
A¢S AxuS, Arn S; which angles
are nearly the greateft elongation of
the Earth from the Sun, if the Earth
be obferved from the refpetive Planets,
when theline G » % ¢ A, touches the
Earth’s orbit in A. The nearer any of
the fuperior Planets 1s to the Sun, the
greater 1s the Parallax of the annual
Orb, or the angle under which the
femidiameter of the Earth’s orbit is
feen from that Planet. In Mars the
angle A ¢ S, (which is the vifible enlon-
gation of the Earth feen from Mars, or
the Parallax of the annual Orb feen
from that Planet) is about 42 degrees,
and therefore the Earth 1s always to the
inhabitants of Mars either their Morn-
ing or Evening Star, and is never feen
by them {o far diftant from theSun as we
fee Venus. 'The greateft elongation of
the Earth feen from Fupiter, being near-
ly equal to theangle A % S, is about 11
degrees. In Saturn theangle A » S is
but 6 degrees, which is not much above
% part of the greateft elongation we ob-
ferve in Mercury. And fince Mercury is
fo rarely feen by us, probably the aftro-
nomers of Saturn (except they have bet-
ters Optics than we have) have not yet

C3 dif-

21
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femidiameter, @ fome Planet, and BHT
arch of a great circle in the Heavens,
at an infinite diftance. New the Pla-
net & will appear from the Earth’s cen-
ter C, in the point of the Heavens H ;
but a fpectator from the point Z upon
the Earth’s furface, will fee the fame
objeCt & in the point of the Heavens B;
and the arch BH the difference, 1s e-
qual to the angle B @ H=Z & C, the

arallax ; which being known, the fide
C @ the diftance of the Planet from the
center of the Earth, atthat time, may
be eafily found. Now if this diftance
of the Planet from the Earth be deter-
mined, when the centers of the Sun, the
faid Planet, and of the Earth, are in the
fame right line, we have the abfolute
diftance of the Planet’s orbit from the
Earth’s in known meafure ; then it will
be, as the relative diftance betwixt the
Earth’s orbit and that of the Planet is
to the relative diftance of the {aid Planet
from the Sun; 7o is the diftance of the
Planet’s orbit from the Earth’s in known
meafure to the diftance of the faid Pla-
net from the Sun in the fame meafure :

Which being known, the diftance of'

all the other Planets from the Sun may
be found. Foritwill be, as the relative
diftance of any Planet from the Sun, is

: &
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certain method for finding the diftances
of the Planets ; which is, by obferving
the Tranfit of Venus over the Sun.

The eye judgeth of the magnitudes
of far diftant objets, according to the
quantities of the angles under which
they are feen (which are called their ap-
parent magnitudes;) and thefe angles
appear greater or lefs in a certain pro-
portion to their diftances. Wherefore
the diftances of the Planets from the
Earth, and their apparent diameters
being given, their true diameters (and
from thence their magnitudes) may be
found. How the diftances of the Planets
may be found has been already thewn ;
their apparent diameters are found by a
telefcope, having a machine fixed to it
for meafuring of angles, called a Mi-
crometer. Let BD, or the angle BAD,
be the apparent diameter of any Planet,
and AB, or AD, (which by reafon of the
great diftance of the Planets in refpect
of their magnitudes) may be confidered
as bemng the diftance of the faid Planet
from the obferver. Now in the tri-
angle ABD, having the fides AB, AD,
given, and the angle A, we have alfo
the other angles B and D (becaufe the
fides AB, AD, are equal) whence i’fhe

1de
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fide BD the diameter of the Planet may
be eafily found by Trigonometry.

From hence it appears, that the fame
body at different diftances, will feem to
have very different magnitudes. Thus
the diameter BD will appear from the
point E, to be twice as large as from the
point A. It alfo follows, that a fmall
body, when at no great diftance from us,
may appear to be equal, or even to ex-
ceed another at agreater diftance, though
immenfely bigger. Thus 44 appears
under the fame angle, and confequent-
ly of the fame bignefs from the point A,
that the line BD doth, though one vaftly

7

exceeds the other. And this is the rea- Why the

fon why the Moon, which is much lefs
than any of the Planets, appears to us

pears big-

er than

vaftly bigger than either of them, and anyofthe

even to equal the Sun himfelf, which is
many thoufand times greater in mag-
nitude.

The diftances of the Planets, and
Periods round the Sun, their diameters
and velocities round their own axis,

according to modern computations, are
as follows :

Saturn

anets.
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Befides the Planets already mention-
ed, there are other great bodies that
fometimes vifit our fyftem, which are
a fort of temporary Planets; for they
come and abide with us fur a while,
and afterwards withdraw from us, fora
certain {pace of time, after. which they
again return.” Thefe wandeung bodies
are called C&meﬂ

The motion of Comets in the Hea- Of Comess
vens, according to the beft obfervations
hitherto made, feem to be regulated by
the fame immutable law that rules the
Planets ; for their orbits are elliptical,
like thofe of the Planets, but wvaftly
narrower, or more excentric. Yet the
~ have not all the fame dire€tion witﬁ

the Planets, who move from Weft to
Eaft, for fome of the Comets move from
Eaft to Weft; and their orbits have
different inclinations to the Earth’s or-
bit; fome inclining Northwardly, others
Southwardly, much more than any of
the Planctary orbits do.

Altho’ both the Comets and the Pla-
nets move 1n elliptic orbits, yet their
motions feem to bevaftly different: For
the excentricities of the Planet’s orbirs
are {o {fmall, that they differ but little

from
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from circles ; but the excentricities of
the Comets are fo very great, that the
motions of fome of them feem to be
almoft in right lines, tending directly
towards the Sun.

Now, fince the orbits of the Comets
are {o extremely excentric, their moti-
ons, when they are in their Perzbelia, or
neareft diftance from the Sun, muft be
much fwifter than when they are in
their Aphelia, or fartheft diftance from
him ; which 1s the reafon whj,r the Co-
mets make fo fhort a ftay in .our {yi-
tem; and when they difappear, are fo
Inng in returning.

The figures of the Comets are ob-
ferved to be verydifferent; fome of them
fend forth fmall beams, like hair, every
way round them ; others are feen with
a long fiery tail, which is always oppo-
fite to the Sun.  Their magnitudes are
alfo very different, but in what propor-
tion they exceed each other, it is as yet
uncertain. Nor is it probable, that their
numbers are yet known, for they have
not been obferved with due care, nor
their theories difcovered, but of late
years. The ancients were divided in
their opinions concerning them ; fome

1ma-












T Tl —

e

34

The INTRODUCTION.

of the Heavens, fince we always have
the fame vifible profpect of the Stars
without any alteration.

If a fpectator was placed as near to
any fixed Star, as we are to the Sun, he
would there obferve a body as big, and
every way like, as the Sun appears to

The fixed us : and our Sun would appear to him

Stars are

Suns,

The fixed
Stars are

at vaft
diftances

from each

other,

no bigger than a fixed Star: and un-
doubtedly he would reckon the Sun as
one of them in numbering the Stars.
Wherefore fince the Sun differeth no-
thing from a fixed Star, the fixed Stars
may be reckoned fo many Suns.

It is not reafonable to fuppofe that
all the fixed Stars are placed at the fame
diftance from us; but it 1s more pro-
bable that they are every where inter-
{perfed thro’ the vaft indefinite fpace of
the univerfe; and that there may be as
great a diftance betwixt any two of
them as there 1s betwixt our Sun and the
neareft fixed Star. Hence it follows,
why they appear to us of different mag-
nitudes, not becaufe they really are fo,
but becaufe they are at different diftan-
ces from us ; thofe that are neareft ex-
celling in brightnefs and luftre thofe
that are moft remote, who give a faint-

3 er
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er light, and appear fmaller to the
eye.

The aftronomers diftribute the Stars The dif-
into feveral orders or clafles; thofe that 't e
are neareft to us, and appear brighteft Stars into
to the eye, are called Stars of the firft © <<
magnitude ; thofe that are neareft to
them in brightnefs and luftre, are call-
ed Stars of the fecond magnitude; thofe
of the third clafs, are ftiled Stars of the
third magnitude; and fo on, until we
come to the Stars of the fixth magni-
tude, which are the {inalleft that can be
difcerned by the naked eye. There are
infinite numbers of {maller Stars, that
can be feen through telefcopes; but thefe
are ot reduced to any of the fix orders,
and are only called Telefcopical Stars. Of Tue-
It may be here obferved, that tho’ the {.‘:::f“'
aftronomers have reduced all the Stars
that are vifible to the naked eye, into
fome one or other of thefe claffes, yet
we are not to conclude from thence,
that all the Stars anfwer exactly to fome
or other of thele orders; but there may
be in reality as many orders of the
Stars, as they are in number, few of
them appearing exactly of the fame
bignefs and luftre.

D 2 The
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pent, and the Sword Fifh. The an-

cients placed thofe particular conftella-
tions ar figures in the Heavens, either
to commemorate the deeds of fome
great man, or fome notable exploit
or a&ion; or elfe took them from the
fables of their religion, &¢. And the
modern aftronomers do f{hll retain
them, to avoid the confufion that would
arife by making new ones, when they

compare the modern obfervations with
the old anes.

Some of the principal Stars have par-
ticular names given them, as Syrius,
Aréturus, &c. There are alfo fgveral
Stars that are not reduced into conftel-

Unformed lations, and thefe are ealled Unformed

Stary.

The Ga-
faxy, or
Milky
Way.

Stars.

Befides the Stars vifible to the naked

eye, there is a very remarkable fpace
in the Heavens, called the Galaxy, or
Mi&.y Way. This isa broad circle of a
whitith hue, like milk, going quite
round the whole Heavens, and confift-
ing of an infinite number of fmall Stars,
vifible thra’ a telefcope, tho’ not difcern-
able by the naked eye, by reafon of their
exceeding faintnefs; yet with their light
they combine to illuftrate that part of

the
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the Heavens where they are, and to
caufe that fhining whitenefs.

The places of the fixed Stars, or their
relative f{ituations one from another,
have been carefully obferved by aftro-
nomers, and digefted into catalagues.
The firft among the Greeks, who redu-
ced the Stars into a catalogue, was Hyp-
parchus, who, from his own obfervati-
ons, and of thofe who lived before him,
inferted 1022 Stars into his catalogue,
about 120 years before the Chriftian
Ara : This catalogue has been fince en-
larged and improved by feveral learned
men, to the number of 3000, of which
there are a great many telefcopical, and
not to be difcerned by the naked eye ;
and thefe are all ranked in the catalogue
as the Stars of the feventh magnitude.

It may feem ftrange to fome, that
there are no more than this number of
Stars vifible to the naked eye ; for fome-
times in a clear night they feem to be
innumerable : but this 1s only a decsp-
tion of our fight, arifing from their ve-
hement {parkling, while we look upon
them confufedly, without reducing them
into any order ; for there can feldom
be feen above 1000 Stars in the whole

D4 Hea-
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[“42+]

The DESCRIPTION and USE
of the CELESTIAL and
TERRESTRIAL GLOBES.

Globe or Sphere 1s a round folid

body, having every part of its
furface equally diftant from a point
within it, called its Center ; and it may
be conceived to be formed by the re-
volution of a femicircle round its di-
ameter.

Any circle pafling through the cen-
ter of the fphere, thereby dividing it into
two equal parts or fegments, is called
a Great Circle; and the fegments of
the fphere fo divided, are called Hemi-

Spheres.

Every great circle has its Poles and
Axis.

The Polks of a great circle are two
points on the furface of the fphere, di-
ametrically oppofite to one another,

and
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and every where equally diftant from
the faid circle,

43

The Axis of a circle is a right line 4.
pafling through the center of the fphere,
and through the Poles of the faid cir-

cle, and is therefore perpendicular to
the Plane ; Hence,

All circles paffing through the Poles
of any great circle, interfect it in two
places diametrically oppofite, and alfo
at right angles ; and with refpect to the
faid great circle, they may be called its
Secondaries, Secakil

ries.
All circles dividing the fphere into
‘two unequal parts, are called lffer or p, .,
parallel Circles, and are ufually denomi- or iger

nated by that great circle to which they Crrées
are parallel,

The Earth being globular, its out-
ward parts, as the feveral Countries, Seas,
&'¢. are beft, and moft naturally repre-
fented upon the furface of aGlobe; and
when fuch a body has the outward parts
of the Earth and Sea delineated upon its
{urface, and placed in their natural order
and ﬁmﬂtiﬂn, it is called a Ter ."':._’“ﬁ rial Ttrr??rin
C l’ﬁ be. al Globe,

The
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i different fituation of a fpe@ator upon

its furface, are very naturally illuftrated
and explained by the Globes.

As to the alterations of feafons, &c.
t arifing from the annual motion of the
E, Earth round the Sun, it is indifferent
i which we fuppofe to move, the Earth
il or the Sun, for in both cafes the effet
I will be the fame. Wherefore becaufe
it 1s the Sun that appears to us to move,
we fay the Sun is in fuch a part of the
ecliptic, without attributing any moti-
on to the Earth, any more than if fhe
had actually been at reft. For the
fame reafon we fay the Sun rifes, or
the Sun fets; by which we mean, that
he begins to appear or difappear, with-
out confidering in the leaft how thefe
effects are produced. Thefe things are
here mentioned, to obviate the objec-
tions that might be made by beginners,

after they have been told that the Sun
{tands ftill.

SECT.
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e e

An Explanation of the Circles of
the Sphere, and of fome Aftro-

nomical Terms arifing there-

ﬁ'am.

YT N order to determine the relative
fituations of places upon the Earth,

as well as the pofitions of the fixed Stars,

and other Celeftial phznomena, the

Globe of the Earth 1s fuppofed to be

environed by feveral imaginary circles,

and thefe are called the Circles of the The Cir

Sphere. 'Thefe imaginary circles are g”;};ﬁ pi

either fixed, and always obtain the fame =

pofition in the Heavens, or moveable,

according to the pofition of the ob-

ferver.

Thofe circles that are fixed, owe
their origin to the two-fold motion of
the Earth, and are the Eguator, and the

Ecliptic, with their Secondaries and Pa-
rallels.
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the equinoctial in four points equidif-

tant from one another, thereby dividing

it into four quadrants; but the inter-
mediate ones are here fupplied, and alfo

upon the Terreftrial Globe, by the brafs

circle onwhich the Globe is hung, which

1s therefore called the Brafs Meridian, TheBraj;
and fometimes only the Meridian, it Meridian
ferving for this purpofe to all the points

upon either Globe.

There 1s alfo a little brafs circle fix-
ed upon this meridian, divided into 24
Hours, havingan index moveable round
the axis of the globe, to be turned to
any particular Hour. = The ufe of this
circle 1s to fhew the difference of time
betwixt any two meridians, and is there-
fore called the Hour Circle. rg:: f“‘f
3. All circles parallel to the equi-
noctial are, with refpect to any point in
the Heavens, called Parallels of Decli- Parallels

. Deceli-
nation. So that, gﬁ;

The Declination of any Point
in the Heavens (as of the Sun, a fix-
ed Star, or the like) is an arch of
the meridian paffing through that
pomnt, and intercepted betwixt it and
the equator ; and if the faid point be

.2 to
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is fometimes called the Aré#ic Pole. The 43¢
other Polar circle, which is fituated near %
the South Pole, 1s called the Antaréfic ntaraic
Circle, becaufe its pofition is contrary “<
to the other; and the South Pole s , ..
fometimes called the Anraréiic Pole. P,

The tropics and the Polar circles have
each their names exprefled upon the
Globes.

II. Of the Eciiptic.

The Ecliptic is that great circle Ecliric.
in whofe plane the Earth performs its
annual motion round the Sun; or, In
which the Sun feems to move round the
Earth, once in a year. This circle
makes an angle with the equinodtial
of 23 degrees 28 minutes, and interfects
it in two oppofite points, which are call-
ed the Equinoitial Points; and the two Eguinoc-
points in the ecf;_ptic that are at the "
greateft diftance from the equinoctial
points, are called the Solffitial Points. g,up;i
The two meridians paffling through Peins.
thofe points, are, by way of eminence,
called Colures ; whereof that which paf- Colares.
feth thro’ the equinoctial points, 1s call-
ed the Eguinoitial Colure; and that gsuin.s;.
which is at right angles to it, pafling # Celur.

E 3 through
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The figns of the ecliptic took their
names from 12 conftellations mention-
ed in the Introduétion, to be fituated
in the Heavens near thofe places. It
~ is to be obferved, that the figns are not
to be confounded with the conftellati-

ons of the fame name: For the Sign of

Aries, 1s not the fame with the Conffe/-
lation Aries ; the latter i1s a fyftem of
Stars digefted 1nto the figure of a Ram ;
but the fign of Aries 1s only 30 degrecs
of the ecliptic, counted from the equi-
noctial point *, (which is reckoned the
firft point in the ecliptic) to the begin-
ning of Taurus: Or, it 1s fometimes ta-
ken for all that {pace upon the Celzftial
Globe contained between the two cir-
cles pafling through the firft points of
o and ¥. What has been here faid of
Aries, 1s to be noted of all the reft of
the figns.

The conftellations above-mentioned
were formerly fituated within the figns
which now bear their names; but by a
flow motion of the equinoétial points,
being one degree in 72 years, the con-
ftellation 4ries has now got into the
fign 3, and fo of the reft. Sothat P/~
ces 1s now got into the fign of  : this
flow motion in the Heavens is called the
Preceffion of the Equinoitial Points.

E 4 The
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Note, The Sun never goes out of the
ecliptic, and it is not ufual to fay the
Sun’s longitude, but we commonly ex-
prefs it the Sun's Place, which is that

{ign, degree, minute, &e¢. of the ecliptic,
which he at any time pafies.

10. All circles conceived to be drawn
arallel to the echiptic, are called Paral-
lels of Latitude : So that,

11. The Latitude of any point in the Latitude
Heavens, (as a fixed Star, &¢c.) is an 2o ™"
arch of the circle of longitude, paf-
fing thro’ that point, and intercepted
batwmt it and the ecliptic; or, the la-
titude 1s the diftance from the ecliptic ;
and if the faid point be to the North-
ward of the ecliptic, it is called North
Latitude ; butif it be to the Southward,

15 called South Latitude,

Upon the Terrefirial Glode, none of
the circles of longitude are defcribed ;
and upon the Celeflial, they are com-
monly drawn thro’ the beginning of

every Sign; but they are all fupplied
upon bath Glﬂbes, by faftening a thin
plate of brafs over one of the Poles of
the ecliptic, and fo as to be moved to
any degree thereof at pleafure. The

pa-
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obferver; if a man of fix feet high
ftood upon a large plain, or the furface
of the fea, he could not fee above three
miles round.

This circle determines the rifing and
fetting of the Heavenly bodies, and dif-
tinguifhes Day and Night.

- The Rational, or true Horizon, 1S a Ratioal
great circle pafling thro’ the center of #r=
the Earth, parallel to the fenfible Hori-
zon, being diftant from it by the Earth’s
femidiameter, which 1s about 3980
miles : This diftance 1s nothing in com-
partfon of the immenfe diftance of the

un and the fixed Stars, therefore a-
ftronomers make no diftintion between
thefe two circles, but confider the appa-
rent Horizon, aor thatwherein the Sun
appears to rife and fet, as paffing thro’
tﬁe center of the Earth,

- Thas circle is divided by aftronomers
into four quadrants, and each of the
uadrants into go degrees, &¢. The
?nur points quartering this circle are
‘called the Carl"ﬂaf Points, and are term- Cardinal
ed the Eaff, Weft, North, and Sa::rhjf’f;‘ff
The Eaft is that point of the Horizon zs,

where the Sun rifes when he is in the
equi-
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place of obfervation, and the Poles of it
are one exaltly over our heads, called
the Zenith ; and the other exaltly under Zenirs.
our feet, called the Nadir. Nadir.

13. Al circles conceived to pafs
thro’ the Zenith and Nadir, are cailed
Vertical Circles, or Azimuths. Of thefe Zertical
circles, that which pafieth thro” the il
North and South Jnoints of the Horizon,
15 called the Meridian; fo that when any Meridian.
object 1s upon the Meridian, it then
bears either due South, or due North
from us; and the Azimuth of any ob- Azimus.
ject is an arch of the Horizon inter-
cepted between the vertical circle paffing
through it, and either the North or
South part of the Meridian ; which part
1s commonly {pecified.

The meridian paffes thro’ the Poles
of the world, as well as through the
Zenith and Nadir, and therefore is a
fecondary both of the equinottial and
the horizon: This circle divides the
globe into the Eaffern and Weflern He-
mifpheres, and the Poles of it are the
Eaft and ¥¢ff points of the Horizon.
All the heavenly objes are, during one
half of their continuance above the ho-
rizon, in the Eaftern Hemifphere, and

for
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for the other half in the Weftern; fo
that whenever the Sun arrives upon the
upper past of the meridian, it is then
Noon, or Mid-day, which is the reafon
why this circle 1s called the meridian ;
and when he comes to the lower part,
it is then Mid-night.

‘The vertical circle pafling thro’ the
Eaft and Weft points of the horizon,
1s called the Prime Vertical, or Cirele of
Eaft and Weft; {fo that when any ob-
ject is upon this circle in the Eaflern
hemifphere, it appears due Eaft; and
if 1t be in the Weftern hemifphere, it
appears due Weft.

That degree in the horizon wherein
any object rifes or {ets from the Eaft or
Weft points, is called the Amp!:'fﬂde s
which for rifing is called Amplitude Or-
tive, and Occafive for fetting; which
muft be alfo denominated whether it be
Northerly or Southerly. :

It may be obferved, that the Ampli-
tude and Azimuth are much the {ame;
the amplitude (hewing the bearing of
any obje¢t when it rifes or fets, from
the Eaft or Weft points of the hori-
zon; and the azimuth, the bearing of

- L any
‘




&

Set. r. - Of the GLoBES. . 63

any object when it is above the hori-
zon, either from the North or South
point thereof. As for example, if
an object rifes or fets within 10 degrees
of the Eaft or Weft, fuppofe towards
the South, we accordinigly fay, its Am-
plitude 1s 10 degrees Southerly ; but if
an object, that is of any height above
the horizon, fhould be in the vertical
circle, pafling thro’ the before-mention-
ed point, we then fay, its Azzmuth is
8o degrees from the South, oF 100 de-
grees from the North, both which ex-
preflions fignify the fame.

14. All circles drawn parallel to the
horizon, in the upper hemifphere, are
called A/macantbers, or Parallels of Al- Almacan-
titude : So that the Altitude of any'yrs .
point in the Heavens is an arch of the
vertical ciicle paffing thro’ that point,
and intercepted betwixt it and the ho-
rizon ; and if the object be upon the
meridian, 1t is commonly called the Ae- Meridian
ridian Altitude. The complement of 4«
the altitude, or what it wants of go de-
 grees, is called the Zenith Dyffance.  Zewith
The horizon (by which we mean
the rational) is reprefented by the upper
{urface of the Wocden frame, wherein
the
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the globes are placed ; upon this hori-
zon are defcribed feveral concentric cir-
cles, the innermoft of which is divided
into degrees, which ought to be num-
bered both ways from the Eaft and
the Weft, until they end at go degrees
in the North and South points. The
ufe of thefe divifions is to thew the
amplitudes of the Sun and Stars, at
their rifing and fetting: Alfo in fome
convenient place upon this horizon,
there is commonly noted the points of
the Compafs. Without the bcfgre-men-
tioned circle there 1s drawn the ecliptic
with its divifions, into figns, and de-
grees, and a circle of months and days :
The ufe of thefe two circles 1s to ferve
as a kalendar to fhew the Sun’s place at
any time of the year, and by that means
to find his place in the Ecliptic, drawn
upon the globe itfelf.

The Vertical Circles, and the Paral- ¥
lels of Altitude, are fupplied by a thin |
plate of brafs, having a nut and fcrew
at one end to faften it to the brafs me-
ridian in the Zenith point; which be-
ing done, the lower end of it may be
put between the globe itfelf, and the
inner edge of the horizon, and fo turn-

-ed round about tc any point required.

The
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-fum of which 1s, let the {pectator be at

what point foever of the Earth’s furface,
he’ll there gravitate, or tend exaétly to-
ward its center, and imagine himfelf
to be on the higheft part thercof, (the
unevennefs of the ground not being
here confidered) wherefore if we turnthe
globe in fuch a manner as to bring the
feveral progreflive fteps of a traveller
{ucceflively to the Zenith, we fhall then
have the fucceffive alterations made m
the horizon, inevery part of his jour-
ney. This explication being well con-
fidered, will be of help to young begin-
ners, to conceive how the Earth 1s every
where habitable; and how paffengers
can travel quite round it ; for fince every
thing tends toward the center of the
Earth, we are to conccive that point as
being the loweft, and net to carry our
idea of downwards any farther. Thofe
that are diametrically oppofite to us be-
ing as much upon the upper part of the
Earth as we are, there being no fuch
thing in nature as one place being higher
than another, but as 1t is at a greater
diftance from the center of the Earth,
let it be in what country foever.

We have now done with all the cir-
cles of the fphere, and it may be ob-
{erved,
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month, all the fixed feafts in the year
from thenceforwards falling a week-day
later than otherwife they would. Ac-

Bifexiile, cording to the Roman way of reckon-

% Leat- ing, the 24th of February was the fixth
of the kalends of AMarch, and it was
ordered that for this year there thould
be two fixths, or that the fixth of the
kalends of March thould be twice re-
peated ; upon which account the year
was called Biffextile, which we now call
the Leap-Year.

To find whether the year of our
Lord be leap-year, or the firft, fecond,
or third after; divide it by four, and
the remainder, if there be any, fhews
how many years 1t is after leap-year;
but if there be no remainder, then that
year 1s leap-year: Or, you may omit
the hundreds and fcores, and divide the
refidue by 4, Examp. 1757, omitting
the hundreds and the twenties, I di-
vide the refidue 17, by 4, and the re-
mainder 1, fhews it to be the firft after
leap-year. |

This method of reckoning the year,
viz, making the common year to con-
fift of 365 days, and every fourth
year to have 366 days, was formerly

8 ufed
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leaft Stars would be feen fhining as they

~do in the cleareft night; and the Sun

immediately before his fetting, would
fhine as brifk as at noon, but in a mo-
ment, as foon as he got below the ho-
rizon, the whole hemifphere of the
Earth would be involved in as great a
darknefs as if it were midnight.

But by means of the atmofphere it
happens, that while the Sun is above
the horizon, the whole face of the hea-
vens is ftrongly illuminated by its rays,

fo as to obfcure the faint light of the

Stars, and render them mvifible ; and
after Sun-fetting, though we receive no
diret light from him, yet we enjoy its
refle&ted light for {fome time: For the
atmofphere being higher than we are,
is a longer time before it is withdrawn
from the Sun (as if a man was to run
to the {top of a fteeple, he might fee the
Sun after it had been fet to thofe at the
bottom.) The rays which the atmo-
{phere receives from the Sun, afterhe is

withdrawn from our fight, are by re~ |
fraction faintly tranfmitted to'us ; until

the Sun having got about 18 degrees
below the horizon, he no longer en-

lightens our atmofphere, and then all

that part thereof which is over us be-
3 ;. comes

.I$' !
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" Pros. IL. o find the Difference of Las

titude between any two given Places.
Bring each of the places propofed

fucceffively to the meridian, and obferve

where they interf{ect it, then the number
of degrees upon the meridian, contained

 between the two interfections, will be

the Difference of Latitude required. Or,
if the places propofed are on the fame
fide of the equator, having firft found
their latitudes, fubtract the leffer from
the greater; butif they are on contrary
fides of the equator, add them both to-
gether, and the difference in the firfk
cafe, and the fum in the latter, will be .
the difference of latitude required.

Thus the difference of latitude be-
twixt London and Rome will be found ta
be 9% degrees ; betwixt Paris and Cape
Bona Efperance 83 degrees.

Pros. II1. To find the Difference of Lon-
gitude betwixt any two given Places.

Bring each of the given places fucs
cefiively to the meridian, and fee where
the meridian cuts the equator each time;
the number of degrees contained be-
twixt thofe two points, if it be lefs than

- 18q
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S CHOLILUM |
The angle of pofition between twd
places 1s a different thing from what is
meant by the bearings of places; the
Bearings of two places 1s determined by
a fort of fpiral line, called a Rbumb
Line, paffing between them in fuch a
manner, as to make the fame or equdl
angles with all the meridians through
‘which it pafleth ; but the angle of po-
Sfition 1s the very fame thing with what
we call the azimuth i aftronomy;
both being formed by the meridian and
a great ciurcle pafling thro’ the zenith
of a given place in the heavens, then

called the azimuth, or upon the Earth,
then called the angle of pofition.

From hence may be fhewed the errer.
of that geographical paradox, wiz. If
a place A bears from another B due
Weit, B fhall not bear from A due Eaft.
I find this paradox vindicated by an
author, who at the fame time gives a
true definition of a rhumb line: But
his arguments are ungeometrical ; for
if it be admitted that the Eaft and
Weft lines make the fame angles with
all the meridians through which they
pafs; it will follow that thefe lines are

3 | the






















































136

The Ule of

1. Let the place propofed be under
the equinoctial, and let the globe be ac-
cordingly rectified in 0o degrees of la-
titude, which is called a direct pofition,
of the fphere. Here all the parallels of
latitude, which in this cafe we will call the
paralie]s of declination, are cut by the
horizon into two equal parts ; and con-
fequently thofe who live under the equi-
noctial, have the days and nights of the
fame length at all times of the year;
and alfo in this part of the Earth, all
the Szars rife and fet, and their continu-
ance above the honzon, 1s equal to thclr
ftay below it, w72. 12 hours.

If from this pofition we rad'uaﬂy
move the globe according to the feveral
alterations of latitudes, which we will

fuppofe to be Northerly ; the lengths of

the Diurnal Arches will continually in-
creafe, until we come to a parallel of de-
clination, as far diftant from the equi-
noctial, as the placeitfelf is from the Pole.

- This paralle} will juft touch the horizon,

and all the heavenly bodies that are be-
twixt it and the Pole never defcend be-
fow the horizon. In the mean time;
while we are moving the globe, the
lengths ofthe diurnalarches of the South-

- e pa1allels of declmatmn, continually

2 diminith,
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diminifh, in the fame proportion that
the Northern ones increafed ; until we
come to that parallel of declination
which 1s fo far diftant from the equi'—
nochial Southerly, as the place itfelf 1s
from the North Pole. The upper part
of this Parallel juft touches the horizon,

and all the Stars that are betwixt it and
the South Pole never appear above the
horizon. And all the noturnal arches
of the Southern parallels of declination,
are exactly of the fame length with the
diurnal arches of the correfpohdent pa-
rallels of North declination.

2. Let us take a view of the globe
when it 1s reftified for the latitude of
Londen, or 51} degrees North. When
the Sun is in the tropic of =, the day
is about 161 hours; as he recedes from
this tropic, the days proportionably
fhorten, until he arrives into ¥, and
then the days are at the fhorteft, being
now of the fame length with the night
when the Sun was in =, w/z. 74 hours.
The lower part of that parallel of de-
clination, which is 38} degrees from
the equinoctial Northerly, juit touches
the horizon ; and the Stars that are be-
twixt this pa: allel and the North Pole,
-never {et to us at London. In like man-

K 2 ner
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ner the upper part of the Southern pa-
rallel of 38: degrees juft touches the
horizon, and the Stars that lie betwixt
this parallel and the Southern Pole, are
never vifible in this latitude. '

Again, let us rectify the globe for the
Jatitude of the Aréfic Circle, we fhall
then find, that when the Sun is in =, he
touches the horizon on that day with-
out fetting, being 24 hours compleat
above the horizon; and when he 1s in
Capricorm, he once appears in the hori-
zon, but does not rife 1n the fpace of 24
hours : When he is in any other point
of the ecliptic, the days are longer or
“fhorter, according to his diftance from
the tropics. All the Stars that lie be-
tween the tropic of Cancer, and the
North Pole, never fet in this latitude;
-and thofe that are between the tropic
of Capricorn and the South Pole, are
always hid below the horizon.

If we elevate the globe ftill higher,
the circle ‘of perpetual Apparition will
be nearer the equator; as will that of
perpetual Occultation on the other fide.
For example: Let us rectify the globe
for the latitude of 8o degrees North:
When the Sun’s declination is 10 de-

e - grees
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before the longeft days were, when thg_
Sun was in =, thefame ha fpemng now
when the Sunisin v ; and fo of the reft
of the parallels, the feafons being di-
rectly oppofite to thofe who live in difs
ferent hemifpheres. .

I fhall again explain fome things de-
livered above in general terms, by par-
ticular problems.

But from what has been already faid,
we may firft make the following obfer—-
vations :

1. Allplaces of the Earth do equally en-
Joy the benefit of the Sun, in refpect of time,
and are equally deprived of 1t, the Days at
one time of the Year, being exaltly equal to

the Ni g.brs at the oppofite feafon.

2. In all places of the Earth, fave ex-
aétly under the Poles, the Days and Nights
are gf equal length (viz. 12 bours each)
when the Sun is in the equinoétial.

. Thofe who live under the equinoitial,
ba-ue the days and nights of egwﬁ lengths at
all times g}z the year.

4. In all places between the egﬂfnaﬂraﬁ
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| the Sun 1s in the firft point of i

‘latitude, bring the folftiti
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Cancer.
Capricorn.
Wherefore having retified the globe for
the latitude, find the time of Sun-rifing
and fetting, and thence the length of
the day and night, as in the laft pro-
blem, according to the place of the Sun:
Or, having retified the globe for the
:E point of that

hemifphere, to the Eaft part of the ho-
rizon, and fet theindex to 12 at noon ;
then turning the globe about ’till the
faid folfhitial point touches the Weftern
fide of the horizon, the number of
hours from noon to the place where
the index points (being counted accord-
ing to the motion of the index) 1s the
length of the longeft day; the com-

lement whereof to 24 hours, is the
f::ngth of the fhorteft night, and the
reverfe gives the fhorteft day and the
longeft night.

Longeft Day. Shor. N.
Deg. Hours., Hours,
45 o e BEw B
ThusinLat.{_-;l—i- . Ib6: 5.
6@ ¥ e 8:7 :

If from the length of the longeft day,

you fubtract 12 hours, the number of
half
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and move the meridian up or down un-
til the aforefaid point of the echptic
comes to the horizon ; that elevation of
the Pole will be the latitude required.

If the days given were 78, the lati-
tude 1s 71 ;- degrees.

This method 1s not accurate, becaufe
the degrees in the ecliptic do not corre-
{fpond to natural days ; and alfo becaufe
the Sun does not always move in the
ecliptic at the fame rate ; however, fuch
problems as thefe may ferve for amufe-
ment.

Prog. XXIII. The day of the Month be-

. ing given, to find when the Morning
and Evening Twilight begins and ends,
in any place upon the Globe,

In the foregoing problem, by the
length of the day, we mean the time
from Sun-rifing to Sun-fet; and the
night we reckoned from Sun-fet, ’till he
rofe next morning. But it is found by
experience, that Total Darknefs does
not commence 1n the evening, ’till the
Sun has got 18 degrees below the ho-
rizon ; and when he comes within the
fame diftance of the horizon next morn-

ing,
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declination 11} degrees North, the lati«
tude will be 51% degrees North.

Pros. XXXII. The Day and Hour of a
Lunar Eclipfe being known 5 to find all
thofe Places upon the Globe where the
Jame will be vifible.

« pop. ¥ Find where the Sun is vertical at
X1l the given hour, and bring that point to
the zenith ; then the Eclipfe will be vi-
fible in all thofe Places that are under
the horizon: Or, if you bring the An-
tipodes to the place where the Sun is
vertical, into the zenith, you will have
the places where the Eclipfe will be vi-

{ible above the horizon.

Note, Becaufe Lunar eclipfes continue
fometimes for a long while together,
they may be feen in more places than
one hemifphere of the Earth; for by
the Earth’s motion round its axis, du-
ring the time of the eclipfe, the Moon
will rife in feveral places after the
eclipfe began, '

Note, When an eclipfe of the Sun is
central, if you bring the place where the
Sun 1s vertical at that time, into the
zenith, fome part of the eclipfe will be

vifi-
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Note, The declination of the Sun
may be found after the fame manner by
the Terreflrial Globe, and allo his right
afcenfion, when the equino¢tial is num-
bered nto 360 degrees, commencing at

- the equinoctial point v : But as the

equinoctial 1s not always numbered fo,

and this being properly a Problem in

Altronomy, we choofe rather to place it
here.

By the converfe of this problem, hav-
ing the rnight afcenfion and declination
of any point given, that point itfelf may
be eafily found upon the globe.

Pros. XXXV. To find the Longitude
and Latitude of a given Star.

‘Having brought the {olftitial colure

to the meridian, fix the quadrant of al-

titude over the proper Pole of the eclip-
tic, whether it be North or South; then
turn the quadrant over the given Star,

and the arch contained betwixt the Star

and the ccliptic, will be the latitude,
and the degree cut on the ecliptic will
be the Star’s longitude.

Thus the latitude of A4r&urus will be
found to be 31 degrees North, and the
lon-
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The Ufe of
difference ; then keep the globe fromi
turning round its axis, and elevate the
meridian according to the declination of
“upiter. The globe being in this pofiti-
on, draw a line along the Eaftern fide of
the horizon; then the {pace between this
line, and the line before drawn, will com-
prehend all thofe places of the Earth
where Fupiterwill bevifible, from thefet-

ting of the Sun, to the fetting of Fupiter.

But if Fupiter be in antecedence of the

Sun (i.e. rifes before him) having

brought the place where the Sun 1s ver-
tical, to the zenith, and put the hour in-
dex to 12 at noon, draw a line on the
Weftern fide of the horizon; then ele-
vate the globe according to the declina-
tion of Fupiter, and turn it about Eaft-
ward, until the index points to fo many
hours diftant from noon, as is the dif-
ference of the right afcenfion of the Sun
and Fupiter. 'The globe being in this
pofition, draw a line along the Weftern
fide of the horizon ; then the fpace con-
tained between this line, and the other
laft drawn, will comprehend all thofe
places upon the Earth where the Eclipfe
1s vifible, between the rifing of the Sun,
and that of Fupiter.

* The
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the horizon,according to their refpective
pofitions, with regard to the meridian.

Within the ecliptic, and nearly in the
fame plane with it, ftands the Sun, and
all the Planets, both Primary and Se-
condary. The Sun (N°'1.) ftands in
the middle of the whole {yftem, upon a
wire, making an angle with the plane
of the ecliptic, of about 82 degrees ;
which is the inclination of the Sun’s
axis, to the axis of the ecliptic. Next
to the Sun is a fmall ball (N° 2.) re-
prefenting Mercury: Nextto Mercury is
Wenus (N° 3.) reprefented by a larger
ball (and both thefe ftand upon wires,
fo that the balls themfelves may be more
vifibly perceived by theeye. The Earth
1s reprefented (N° 4.) by an ivory ball,
having fome of the principal meridians
and parallels, and a little fketch of a
map defcribed upon it.  The wire which
fupports the Earth, makes an angle with
the plane of the echiptic 66 degrees,
which is the inclination of the Earth’s
axis to that of the ecliptic. Near the
bottom of the Earth’s axis is a Dial Plate
(N° ¢.) having an index pointing to the
hours of the day, as the Earth turns
rounds its axis,

Round
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in the ecliptic, tho' the Earth and Mer-
cury both continue their progreflive mo-
tion in their refpetive orbits. When
Mercury has got a little paft this place,
you will find the thread muft be moved
backward in the ecliptic, beginning firft
with a flow motion, and then fafter by
degrees, until Mercury is in his inferior
conjunction, or direétly between the
Earth and the Sun. Next this pofition

. of %, his retrograde motion will be the

fwifteft; but he fhillmoves the fame way,
tho’ continually flower, till he has again
come to his greateft elongation, where
he will appear the fecond time to be
ftationary ; after which he begins to
move forward, and that falter by de-
grees, until he 1s come to the fame po-
fition with refpect to the Earth, that
he was in at firft. The fame obferva-
tion may be made relating to the mo-
tions of Penus. In like manner the dif-
ferent motions obferved in the fuperior
Planets may be alfo explained by the
Orrery. If you extend the thread over
Yupiter, and proceed after the fame
manner as before we did in regard to
Mercury, youwill findthat from the time
Supiter is in conjunction with the Sun,
his motion 1s direc ; but continually
flower, until the Earth 1s nearly in a

qua-
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hemifphere, and at the fame time the
South Pole recedes into darknefs ; and
in all places to the Northward of the
equator, the days continually lengthen,
while the contrary happens in the South-
ern parts, until at length the Earth is ar-
rived in Capricorn. In this pofition of
the Earth all the fpace included within
the arctic circle falls wholly within the
light, and all the oppofite part lying
within the antarctic circle, is quite n-
volved in darknefs. Inall places between
the equator and the aric circle, the
days are now at the longeft, and are
gradually longer, as the places are more
remote from the equator. In the South-
ern hemifphere there is a contrary effect.
All thewhile the Earth is travelling from
Capricorn towards Aries, the North Pole
gradually recedes from the light, and the
South Pole approaches nearer toit; the
days in the Northern hemifphere gra-
dually decreafe, and in the Southern he-
mifphere they increafe i the fame pro-
portion, until the Earth be arrived in«;
then the two Poles of the world lie ex-
atly in the line feparating light and
darknefs ; and the days are equal to the
nights in all places of the world. As
the Earth advances towards Cancer, the
North Pole gradually recedes from the

light,



the ORRERY,.

light, while the Southern one advances
mto it, at the fame rate. In the North-
ern hemifphere the days decreafe, and
in the Southern one they gradually
lengthen, until the Earth being arrivedin
Cancer, the North frigid Zone 1s all in-
volved in darknefs, and the South frigid
Zone falls intirely within the light ; the
days every where in the Northern hemi-

{phere are now at the fhorteft, and to:

the Southward they are at the longeft.
As the Earth moves from hence towards
Libra, the North Pole gradually ap-
proaches the light, and the other recedes
from it ; and in all places to the North-
ward of theequator, thedays nowlength-
en, whilein the oppofite hemifphere they
gradually fhorten, until the Earth has
gotten into = ; in which pofition the
days and nights will again be of equal
Jength in all parts of the world,

You might have obferved, that inall
pofitions of the Earth, one half of the
equator was in the light, and the other
half in darknefs ; whence under the
equator, the days and nights are always
of the fame length : And all the while
the Earth was going from = towards v,
the North Pole was conftantly illu-

minated, and the South Pole all the
' 03 whils
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arétic curcle, fall wholly within the il-
luminated hemifphere, and the diurnal
arches of all the parallcls that are with=
qut this circle, wiii exceed the nocturnal
arches more or lefs, as the places are
nearer to, or farther off from i it, until
the diftance from the Pole is as fa1 as

the equator, where both thefe arches
are always ﬁ:q.u_;al_t

Again, whilethe Earthis moving from

¥ thro’ #, ,to v, the Pole P begins
to incline to the hne diftinguifhing
light and darknefs, in the fame pro-
portion that before it receded from it ;
and confequently the diurnal arches
gradualljr lefien, until the Earth has
arrived into «, where the Pole P will
again fall on the horizon, and fo caufe
the days and nights to be every where
e;qual But when the Earth has pafled

o, while (he 1s going thro’ 5 and =, &¢.
the Pole P will begin to fall in the ob-
fcure hemiiphere, and fo recede gradu-
ally from the light, until the Earth is
arrived in « ; in which pofition not

~only the Pole, but all the fpace within

thf: arétic circle, are involved in dark-
nefs, and the diurnal arches of all the
parallels, without the arcic circle, are
;quai to the nolturnal arches of the

fams
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fame parallels, when the Earth was in
the oppofite point ¥ ; and it 1s evident
that the days are now at the fhorteft,
and the nights the longeft. But when
the Earth has paft this point, while fhe
is going through & and m, the Pole P
will again gradually approach the light,
and fo the diurnal arches of the paral-
lels gradually lengthen, until the Earth
is arrived in = ; at which time the days
and nights will again be equal in all
places of the World, and the Pole itfelf
juft fee the Sun.

Here we only confidered the phno-
mena belonging to the Northern paral-
lels; but if the Pole P be made the South
Pole, then all the parallels of latitude
will be parallels of South latitude, and
the days, every where, in any pofition
of the Earth, will be equal to the nights
of thofe who lived in the oppofite hemi-
{phere, under the fame parallels,

Of the Phaf>s of the Moon, and of ber
Mbtion in ber Orbit.,

The orbit of the Moon makes an
angle with the plane of the ecliptic, of
above 5i degrees, and cuts it in two
points, diametrically oppofite (aftcli';gc

-
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Eelipfe.

Fig. 4.

The Defcription ~q;;"'

- that they are really carried round the

Earth. But the fame phafes of the
Earth and Moon happen when they are
in contrary pofition ; for when the Moon
is in conjunction to us, the Earth is then
in oppofition to the Moon, and the Lu-
narians have then a full Earth, aswe in
a fimilar pofition have a full Moon.
‘When the Moon comes in oppofition to
the Sun, the Earth, feen from the Moon,
will appear in conjunction with her,
and in that pofition the Earth will dif-
appear ; afterwards fthe will afflume a
horned figure, and fo fhew the fame
phafes to the inhabitants of the Moon
as {he does to us.

Of the Eclipfes of the Sun and Moon.

An Eclipfeis that deprivation of light
in a Planet, when another is interpofed
betwixt it and the Sun. Thus, an
ecliplfe of the Sun is made by the in-
terpofition of the Moon at her con-

junction, and an eclipfe of the Moon is

occafioned by the fhadow of the Earth
falling upon the Moon, when fhe is in
oppofition to the Sun.

Let S be the Sun, T the Earth, and
ABC its fhadow ; now if the Moon,

when































































