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THE
INTRODUCTION,

CONT ALNLNG

A Brief Account of the SoLar
SysTEM, and of the FIXED
STARS.

L € o o

Of the Order and Periods of the Primary
Planets revolving about the Sun; and
of the Secondary Planets round théir re-

Jpeltive Primaries.

ﬁWBﬁ HE Sun is placed in the midit
% T 3 = of an immenfe {pace, wherein
% mise)x f1x opaque fpherical bodies re-

volve about him as their center.
Thefe wandering globes are called the

Planets, who, at different diftances,py,..,.
B and

L



The INTRODUCTION.

and in different penods, perform their
revolutions from Weft to Eaft, in the
following 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 Earth in a year. 4. & Mars in
about two years. 5. 1 Fupiter in twelve,
And laftly, » Satura, whofe ¥Orbit in-
cludes all the reft, fpends almoft 30 vears
in one revolution round the Sun. The
diftances of the Planets from the Sun
are nearly in the fame proportion as
they are rePreiented in Plate 1. viz.
Suppofing the diftance of the Earth
from the Sun to be divided into 1e
equal parts; that of Mercury will be
about 4 of thefe parts; of Venus 7; of
Mars 15; of Fupiter 52; and that of
Saturn 95.

The

The Charalters placed before the names of the Pla-
mets, are for brevity’s fake commonly made ufe of by
Aftronomers, inftead of the words at length, as ¢, for
Fenus, &c,

* By the Orbit of a Planet is commonly underftood
the Imt't or Ring, defcribed by its Center round the
Sar, but by the Plane of the Orbit is meant a flat Sur-
face extended every way thro’ the Orbit infinitely.









Sect. 1.  Of the Sorar SysTEM.

The orbits of the Planets are not all
in the fame plane, but varioufly inclined
to one another; fo that {uppofing one
of them to coincide with the above
fcheme, the others will have one half

above, and the other half below 1t; in-

terfeCting one another in a line paffing
through the Sun. The plane of the
Earth’s orbit is called the Ec/zpric; and
this the aftronomers make the ftand-
ard to which the planes of the other
erbits are judged to incline.  The
right line paffing thro’ the Sun, and
the common interfection of the plane
of the orbit of any planet and the E-

eliptic, is called the Line of the NodesNod:

ef that planet and the points them-
felves, wherein the orbit cuts the Eclip-
tic, are called the Nodes.

The inclinations of the orbits of the
Planets to the Pplane of the ecliptic, are
as follows, viz. the orbit of Mercury
makes an angle with 1t of almoft 7 de-
grees; that of Venus fomething above 31
degrees; of Mars a little lefs than 2
&egmes, of ‘}fypxrer, 15 degree; and
of Saturn, about 2: dtgrees The
orbits of the Planets are not circles, but
ellipfes or ovals. What an ellipfis is,
may be eafily underftood from the

B2 follow-

IR



The INTRODUCTION.

following defcription.  Imagine twe
fmall pegs fixed upright on any plane,
and fuppofe them tied with the ends of
a thread fomewhat longer than their
diftance from one another: Now if a
pin be placed in the double of the thread
and turned quite round (always ftretch-
ing the thread with the fame force) the
cuived defcribed by this motion is an
Ellipfis.  The two points where the
pegs ftood, (about which the thread
was turned) are called the focs of that
ellipfis; and if, without changing the
length of the thread, we alter the
pofition of the pegs, we fhall then have
an ellipfis ot a different kind from the
former; and the nearer the focas’s are
together, the nearer will the curve de-
icribed be to a circle; until at laft, the
two focus's coincide, and then the pin 1n
the doubling of the thread will defcribe
a perfe& circle. The orbits of all the
Planets have the Sun in one of their

focas’s, and half the diftance between

the two focus’s 1s called the FExcentri-
city of the orbits  This excentricity
15 different 1n all the planets, but
moft of them fo fmall, that in little
ichemes or inftruments, made to repre-
fent the planetary orbits, it need not be

confidered. -
The



Se&. 1.  Of the SoLAR SysTEM.

The fix Plancts above-mentioned,
are called Primaries, or Primary Pla-Prinary
nets; but befides thefe, there aie ten” laals,
other lefler Planets, which are called
Secondaries, Moons, or Satellites. T hefeSecondery
moons ~always accompany their re-""“""
Ipective primaries, and perform their
Revolutions round them, whilft both
together are alfo carried round the Sun.
Of the fix Primary Planets, there are
but three, as far as obfervation can af-
fure us, that have thefe attendants, vzz.
the Earth, “fupiter, and Satura.

A

The Earth is attended by the Moon,
who performs her revolution in about
27+ Days, at the diftance of about 30
Diameters of the Earth from 1t; and
once a Year 1s carried round the Sun
along with the Earth.

Fupiter has four Moons, or Satellites; Yupivers
the firfl, or mnermoft, performs s
revolution in about one Day, and 181"
Hours, at the diftance of 53 Semidia-
meters of Fupiter, from his Center;
the fecond revolves about Fupiter in 3
Days, 13 Hours, at the diftance of ¢
of his Semidiameters; the zhizd in 7
Days, and 4 Hours, at the diftance of
145 Lemidiameters; the fourth, and out-

B 3 ermof?,



Saturn
has five
Moons,

Saturn’s

Ring.

The INTRODUCTION:

ermofl, performs its courfe in the fpace
of 16 Days, 17 Hours; and .is diftant
from upiter’s center, 254 of his Semi-
diameters.

Saturn has no lefs than five Satellstes;
the fir/l, or mnermoft, revolves about
him in 1 Day, and 21 Hours, at the dif-
tance of 4% Semidiameters of %, from
his center; the jfecond compleats his
period in 22 Days, at the diftance of
53 of his Semidiameters; the #bird, in
about 4% Days, at the diftance of 8
Semidiameters; the fourth performs its
courfe in about 16 Days, at the dif-
tance of 18 Semidiameters; the £f7h, and
outermoft, takes 791 Days, to finith his
courfe, and is ¢4 Semidiameters of Se-
turn diftant from his center., The Sa-
tellites, as well as their primaries, per-
form their revolutions from Weff 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, Safwrn is en-
compafled with a thin plain Ring, that
does no where touch his body: The di-
ameter of this Ring 1s to the diameter

of



e, 1.  Of the SoLAR SvysTEM,

of Saturn, as g to 4; and the void fpace
between the Ring and the body of Sazurn
1s equal to the breadth of the Ring it-
felf; fo that in fome fituations the Hea-
vens may be feen between the Ring and
his body. This furprizing phznomenon
of Saturn’s Ring, 1s a modern difcovery;
neither were the Satellites of JFupiter
and Safurn known to the ancients.
The Fovial Planets were ficit difcovered
by the famous Italian philofopher Ga-
lileus, by a telefcope which he firft in-
vented; and the celebrated Cafinz, the
French king’s aftronomer, was the firft
that faw all the Satellites of Saturn;
which by reafon of their great diftances
from the Sun, and the fmallnefs of their
-own bodies, cannot be feen by us, but
by the help of very good glafles.

The motion of the primary Planets fanve/
round the Sun (as alfo of the Satellites Moo
round their refpective primaries) is cal-
led their dnnual Motion; becaufe they
have one Year, or alteration of Seafons
compleat, in one of thefe revolutions.
Befides this annual motion, four of the
Planets, viz. Venus, the Earth, Mars, and
j‘upfffrrevolveabuuttheirownxfxfs,fmm
, Weft to Eaft; and this 1s called their Dz- piypnas
wrnnal Motion. For by this rotation, each Motior.

B4 - pomnt



8 The INTRODUCTION.

point of their furfaces is carried fuccef-
fively towards or from the Sun, who al-
ways illuminates the hemifphere which
1s next to him, the other remaining ob-
fcure; and while any place is in the
hemifphere, illuminated by the Sun, it
is Day, but when it is carried to the
obfcure hemifphere, it becomes Night;
and {o continues, until by this rotation
the faid place 1s again enlightened by
the Sun.

Diwrnal ~ The Earth performs its revolution

Motion of . . 3 .
i ,mund its axis in 23 Hours, §6 Minutes;

4 and 2. *Venus, in 24 Days, 8 Hours; Mars, in
24 Hours, and 40 Minutes; and Fupiter
moves round his own axis in g Hours,

oandp and 56 Minutes. The Sun alfo is found

Hicewile to tnrm round his axis from Weft fo

turnround

theiraxis Balt, in 27 Days: And the Moon, which
1s neareft to us of all the Planets, te-

volves about her axis in a Month, or in

the fame fpace of time that fthe turns

round

*N. B. According to Brachini's Obfervations, Penns's
axis inclines 75 degrees from the perpendicular to the
plane of the Ecliptic (which is 511 deg, more than the
axis of our Earth) her Tropice are only 15 deg. from
her Poles, and her Polar Circles at the {ame diftance
from her Eguator; fo that the Sun’s greateft Declination
on each fide of her Equaror is 75 deg. by which fhe

* mult undergo a much greater varicty of {eafons than
we do on our Earth.
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round the Earth; fo that the Lunarians
have but 1 Day throughout the Year.

1. The Planets are all Opague bodies, The Pla.
having no light but what they borrownets are
from the Sun; for that fide of them,.; Gilo.
which 1s next towards the Sun, has al-bular.
ways been obferved to be illuminated,
in what pofition foever they be; but the
oppofite fide, which the Solar rays do
not reach, remains dark and obicure;
whence it 1s evident that they have no
light but what proceeds from the Sun;
for if they bhad, all parts of them would
be lucid, without any darknefs or {ha-
dow. The Planets are likewife proved
to be Globular; becaufe let what part
{foever of them be turned towards the
Sun, its boundary, or the line feparat-
ing that part from the oppofite, always
appears to be circular; which could not
happen, if they were not globular.,

II. That the Earth 1s placed betwixtThe Pla-
the Orbs of Mars and Venus, and thar"e® (e
round the
$,9,38,u%,and », do all turn roundsan.
the Sun, 1s proved from obfervations as

follow :

1. Whenever Venus is in conjunétion
with the Sun, that is, when fhe is in the &
fame



10

Blate 3.
Rz, 2,

4% INTRODUCTION.

fame direttion 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 difappears: Or, if fhe is vifible,
fhe appears horned, like a new Moon;
whicih phaenomena could never happen
1f ¢ did not turn round the Sun, and
was not berwixt him and the Earth:
Yor 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, fhe fhews 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 iliumi-
nated face be feen from the Earth.
Farther, when fhedifappears, or if vifible,
appears horned; that face of her’s which
is towards the Sun 1s 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 Susz
and Earth; here 1t 1s plain that the Sun
is betwixt us and Venus, and therefore
we muft either place Venus in an Orbit
round the Sun, and likewife betwixt hir:;t
an
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and us, as in Fig. 1. or elfe we muft
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
© , fhe then muft be betwixt us and the
Sun, and muit 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.
ButVenus 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 is round the Sun.

Befides the forgoing, there is another
argument to prove that/esusturns round
the Sun i an Orbit that is within the
Earth's, becaufe fhe is always obferved
to keep 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 circle; 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 a2 mark commonly ufed for conjunétion: thas
¢ with the®, is to be read conjuntion with the Sun.

ir
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Why 7:- reafon why Venus is never to be feen
ws 13- near midnight, but always either in the
ways ei=

ther our Morning or Evening, and at moft not
Morning ahove three or four Hours before Sun-
P fter Sun-fetting. From tl
ing Star, Tifing or after Sun-fetting. From the
time of ¢’s fuperior cun;un&mn (or
when fhe 1s above the Sun) the 1s more
Eafterly than the Sun, and therefore
fets latter, and is feen after Sun-ferting;
and then fhe i1s commonly called the
Evening Star. But from the time of
her inferior conjunction, ’till fhe comes
again to the fuperior, fhe then appears
more Wefterly than the Sun, and 1s
only to be feen in the morning before
Sun-rifing, and is then called the Morn-

ing Star.

After the fame manner we prove
that Mercury turns round the Sun, for
he always keeps in the Sun’s neigh-
bourhood, and never recedes from him
{fo far as Venus does; and therefore the
Orbit of 3 muft lie within thar of ¢ ;
and on the account of his nearnefs to.
the Sun, he can feldom be feen without

a Telefcope.

TheOr-  Mars 1s obferved to come in oppofi-

bit of . * t
,il;'iz ine tion, and likewife to have all other af=

cludes thepets with the Sun; he always preferves
Rartivs, a round,
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a round, full, and bright face, except
when he 1s near his quadrate afpect,
when he appears fomewhat gibbous,
like the Moon three or four Days before
or after the full: Therefore the Orbit
of ¢ muft include the Earth within it,
and alfo the Sun; for if he was betwixt
the Sun and us at the time of his
inferior conjunction, he would either
quite difappear, or appear horned, as
Fenus and the Moon do in that pofition.

13

Let S be the Sun, T the Earth, aﬂde;g. 2

A P Mars, both in his conjunéion
and oppofition to the Sun, and in both
pofitions full; and BC Mars at his
quadratures, when he appears fome-
what gibbous from the Earth at T.
"Tis plain hence, that the Orbit of Mars
does include the Earth, otherwife he
could not come in oppofition to the
Sun; and that it likewife includes the
Sun, elfe he could appear full at his
conjunétion.

Mars when he i1s in oppofition to
the Sun, looks almoft {even times
larger in diameter than when he is in
conjun¢tion with him, and therefore
muft needs be almoft {feven times nearer
to us in one pofition than in the other;
for the apparent magnitudes of far

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

It is proved in the fame way, that
upiter 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-
%ruportiﬂn of the diftances from the

arth 1s not fo great in Fupiter, as itis
in Mars, nor {o great in Saturn, asitis in
Sfupiter, by reafon that they areata much
greater diftance from the Sun.

We have now fhewn that all the Pla-

and Supe-pets turn round the Sun, and that Mer-

rior Pla-
F 17 A

cury and Venus are included between
him and the Earth, whence they are
called the Inferior Planets, and that the
Earth is 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-
erior Planets: And fince the Earth is
in the middle of thefe moveable bodies,
and i1s of the {fame nature with them,
we
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we mayv conclude that {he has the fame
fort of motions; but that fhe turns
round the Sun 1s proved thus:

All the Planets feen from the Earth TheEarch

appear to move very unequally, asg,.4%
fometimes to go fafter, at other timesbut turns
flower; fometimes to go backwards,[ound the
and fometimes to be ftationary, or not to
move at all; which could not happen
if the Earth ftood ftill. Let S be theFi. 4
Sun, T the Earth, the great circle
ABCD the Orbit of Mars, and the
numbers 1, 2, 3, Te. its equable mo-
tion round the Sun; the correfpondent
numbers 1, 2, 3, &e¢. in the circle g,
b, ¢, d, the motion of Mars, as it 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 neceffarily follows, that
the Earth turns round the Sun.

The annual periods of the PlanetsThe A

. nual and
round the Sun are determined by care- ;.

fully obferving the length of time Motions
fince their departure from a certain e

. ; , y Planets
int in the Heavens, (or from a fix'dhow com-

a1) until they airive to the fame again. puted.
By
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By thefe fort of obfervations the an-
cients determined the periodical revo-
lutions of the Plancts round the Sun,
and were {o exact in their computations,
as to be capable of predicting Eclipfes
of the Sun and Moon. But fince the
invention of telefcopes, aftronomical
obfervations are made with greater ac-
curacy; and of confequence, our tables
are far more perfect than thofe of the
ancients. And in order to be as exaét
as poflible, aftronomers compare ob-
fervations made at a great diftance of
time from one another, including fe-
veral periods; by which means, the
error that might be in the whole, is in
each period fubdivided into fuch little
parts as to be inconfiderable. Thus the
mean length of a Solar Year is known,
even to Seconds.

The Diurnal rotation of the Planets
round their axis, was dilcovered by
certain {pots which appear on the fur-
faces. 'Thele fpots appear firft in the
margin of the Planet’s disk, (or the
edge of their furfaces) and feem by
degrees to creep toward their middle,
and fo on, going {ull forward, 'tll they
come to the oppofite fide or edge of
the disk, where they fet, or difappea¥;

and
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and after they have been hid for the
{fame fpace of time, that they were vi-
fible, they again appear to nfe 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
?upfrfr ; by which means it has been
ound that thefe bodies turn round their
own axis, i the times before-menti-
oned. It is very probable that Mercury
and Saturn have likewife a motion round
their axis, that all the parts of their
{urface 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 1 '3
immenfe diftance from him,; no obfer-
vations have hitherto beenn made where-
by their fpots (if they have any) could
be difcovered, and therefore their Diur-
nal motions could not be determined.
The Diurnal motion of the Earth 1s
computed from the apparent revolu-
tion of the Heavens, and of all the Stars
round it, in the {pace of a natural Day.
The Solar fpots do not always remain
the fame, but fometimes old ones vanith,
and afterwards others fucceed in their

e rooni

1y
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room; fometimes feveral {mall ones ga-

thes together and make one large fpot,

and fometimes a large {pot is feen to be
divided into many {fmall ones. But, not
withftanding thefe changes, they all turn
round with the Sun in the fame time.

The relative diftances of the Planets
from the Sun, and likewife from each
other, are determined by the following
methods: Firft, the diftance of the
two inferior Planets y and ¢ from the
Sun, in refpect of the Earth’s diftance
from him, is had by obferving their
greateft Elongation from the Sun as they
are feen from the Earth.

The greateft Elongation of Fenus is
found by obfervation to be about 48
degrees, which is the angle ST ¢ ;
whence, by the known rules of Trigo-
nometry, the proportion of S ¢, the
mean diftance of Venus from the Sun
to ST, the mean diftance of the Earth
from him may be eafily found. After
the fame manner, in the right-angled
triangle S T ¥, may be found the
diftance S y of Mercury from the Sun,
And if the mean diftance of the Earth
from the Sun ST be made 1000, the
mean ditance of Veaus S g from the

Sun
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Sun will be 723; and of Mercury S
387: And if the Planets moved round
the Sun in circles, having him for their
center, the diftances here found would
be.always their true diftances: But as
they move in Ellipfes, their diftances
from the Sun will be fometimes greater,
and {fometimes lefs. Their Excentricities
are computed to be as follows, viz.

'\.

Mercury 80 of the parts
Excent, of § Venus above-men-
Earth 169) tioned.

The diftances of the fuperior Planets;
viz. & ,%, and », are found by com-
paring their true places, as they are
feen from the Sun, with their apparent
places, as they are feen from the Earth.
Let S be the Sun, the circle ABC the
Earth’s orbit, AG a line touching the
Earth’s orbit, in which we’ll fuppofe
the fuperior Planets are feen from the
Earth in the points of their orbits ¢,
%, %3 and let DEFGH be a portion
of a great circle in the Heavens, at an
infinite diftance: Then the place of
Mars feen from the Sun is D, which is

g

Heliocen

called his true, or Heliocentric Place; s ana

»

but from the Earth, he will be feen inGecenrric

6, which is called his apparent, m'ih%

€ 2 Geo-
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Geocentric Place. So likewife fupiter
and Saturn will be feen from the Sun
in the points E and F, their Heliocen-
tric places; but a {peCtator from the
Earth will {ee them in the point of the
Heavens G, which 1s their Geocentric
place. The arches 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 thele Planets.
if thro’ tbe Sun we draw SH parallel to
AG, the angles A2S, AxuS, AnS,
will be refpectively equal to the angles
DSH, ESH, and FS H; and the
angle A GS 1s equal to the angle
GSH, whofe meafure is 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 is nothing in re-
fpect of the immenie 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-
fore in the Heavens, the angle G S H,
or the arch G H vanithes; and the
Points G and H coincide; and the
arches DH, EH, FH, may be con-
fidered as being of the fame bignefs

with
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with the aiches DG, EG, and FG,
which are the meafures of the angles
A¢S, AuS, AnS; which angles
are nearly the greateft elongation of
the Earth from the Sun, if the Earth
be obferved from the refpective Planets,
when the line G % ¢ A, touches the
Earth’s orbit in A. The nearer any of
the fuperior Planets is 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 ¢ S, (which is the vifible enlon-
gation of the Earth {een from Mars, or
the Parallax of the annual Crb icen
from that Planet) is about 42 degrees,
and therefore the Earth is always to the
anhabitants of Mars either their Morn-
ing or Evening Star, and is never feen
by them fo far diftant from the Sun aswe
{ee Venus. The greateft elongation of
the Earth feen from Fupiter, bemng near-
ly equal to the angle A % S, is about 11
degrees. In Saturn the angle A % S is
but 6 degrees, which is not much above
* part of the greateft elongation we ob-
{erve 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-
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difcovered that there is fuch a body as
our Earth in the Univerfe.

The Parallax of the annual Orb, or

the greateft clongation of the Earth’s
orbit feen from any of the {fuperior Pla-~

nets, being given; the diftance of that
Planet from the Sun, n refpett of the
Earth’s diftance from him, may be
found by the fame methods as the dift-
ances of the inferiorPlanets were. Thus,
to find the diftance of Mars from the
Sun, 1t will be as the Sine of the angle
S ¢ A 1s to the Radius, {o 1s the diftance

'AS (the diftance of the Earth from the

Sun) to S ¢ , the diftance from the Sun
to Mars. After the fame manner the
diftances of Fupiter and Saturn are alfo

. found. The mean diftance of the Earth

from the Sun being made 1000, the
mean diftances of the {uperior Planets
from the Sun are, v7z. the mean diftance
from the Sun of

N\ & 18524 141
9 % 5201 2and the Excentricity§250
L% 9538 547

To which, if you add or fubtraét their
mean dlﬂtances, we fhall have the great-
eft or leaft diftances of thofe Planets
from the Sun.

i AT There
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There are other methods by which
the relative diftances of the Planets might
be found; but that which hath been
here iliuftrated, is fufficient to evince
the certainty of that Problem.

Hitherto we have only confidered thf: How the
diftances of the Planets in relation toz?i{z:’;:s
one another, without determining themof the Pla-
by any known mealure; but in order tu"]f“;f“m
find therr abfolute diftances in fome de-ge com.
terminate meafure, there muft be fome- puted.
thing given, whofe meafure is known.

Now the circumference of the Earth is
divided into 360 degrees, and each of
thefe degrees into 6o Geographical
miles, {o that the whole circumference
contains 21600; and by the known pro-
portion for finding the diameter of a cir-

cle from its circumference, the Earth’s
diameter will be found to be 6872
miles, and its femidiameter 3436 miles:

The Parallax of the Earth's femidia- puraiiax
meter, or the angle under which it isof the
feen from a certain Planet, may be found 57",
by comparing the true piaca of the Pla- mezr,
net, as 1t would be feen from the center

of the Earth (which is known by com-
putation) with its apparent place, as it

is feen from fome point on the Earth’s
furface. Let CZA bethe Earth, ZC itsFi. 7.

387 {emi-



The INTRODUCTION.

femidiameter, @ fome Planet, and BHT
arch of a great circle in the Heavens,
at an infinite diftance. Now the Pla-
net @ will appear from the Earth’s cen-
ter C, in the peint of the Heavens H;
but a fpectator from the point Z upon
the Earth’s furface, will fee the fame
obje& @ in the point of the Heavens B;
and the arch BH the difference, 1s e-
qual to the angle Be H=Z & C, the
Parallax; which being known, the fide
C @ the diftance of the Planet from the
center of the Earth, at that 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 faid Planet
from the Sun; fo 1s 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. For it will be, as the relative
Eiiﬁance of any Planet from the Sun, is
it s Sl | A
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to its diftance from him in a known
meafure; fo is the relative diftance of
any other Planet from him to its dift-
ance in the fame meafure. This may
be done by finding the diftance of the
Planet Mars, when he is in oppofition
to the Sun, after the fame manner as
we find the diftance of a tree, or the
like, by two ftations.

Let & be Mars, D the point on the
Earth’s fuperficies, where Mars is verti-
cal when he is in oppofition to the Sun,
which may be found exactly enough by
calculation, at which time let an ob-
ferver, at the pomnt Z (whofe fituation
from D muft be known) take the alti-
tude of Mars, whofe complement will
be the angle ¢ ZR; then in the trian-
gle ¢ ZC will be given the angle Z ¢ C,
the angle C (whofe meafure is the arch
DZ) and confequently the angle Z ¢ C
the Parallax, and alfo the fide Z C the
femidiameter of the Earth; by which we
may find C ¢ the diftance of Mars from
the Earth. The extreme nicety requi-
red mn this obfervation, makes it very
difficult to determine the exact diftances
of the Planets from the Sun; but the
celebrated Dr. Halley has, 1n the Philo-
{fophical Tranfactions, thewed usa more

- cer-

25
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certain method for finding the diftances
of the Planets; which is by obferving
the Tranfit of Veunus over the Sun.

The eye judgeth of the magnitudes
of far diftant objeéts, 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 fhewn;
their apparent diameters are found by a
telefcope, baving a machine fix'd 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 refpet
of their magnitudes) may be confidered
as being the diftance of the faid Planet
from the obferver. Now 1n the trian-
gle ABD, having the fides AB, AD,
given, and the angle, A, we have alfo
the other angles B and D, (becaufe the
Side AB, AD, arc equal) whence the

| fide
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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 a great diftance, tho’
immenfely bigger. Thus & 4 appears
under the fame angle, and confequent-
ly of the fame bignefs from the point A,
that the line BD doth, tho’ one vaftly
exceeds the other. And this 1s the rea-Why the
fon, why the Moon, which is much lefs peors -
than any of the Planets, appears to usger than
vaftly bigger than either of them, and3n of the
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 folllows:

Saturn
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Diftance 11
7Y, DJHY < Miles
Saturn | 2% (29:167:22[777.000.000
Fupiter < 8l11:314:12|424.000.000
Mars -Eﬁ 1:321:23]123.000.000
Earth ng_«\ 0:365: 6] 81.000.000
Venus 37| 0:224:16! 59.060.000
Mercury  Ja| o: 87:23| 32.000.000
3y Round the§ D.H.M. T
Earth.  27:7:43] “%
| Periods round | Diameters
their own axis. | in Miles.
B S < R I
Sun pigl s OB opbgi000
Bavaers (e T 61.000
Fupiter oz igie 156) $aiosea
Mars : QR B () S 50
Earth (30 2§ : 56| 7.970
Venus 243 v ol 1'7.900
Mevcary =13 N 0NE L 4.240
Moon 27 ¢ g ARl 2 iige

The caufe of Eclipfes and Phafes of
the Moon, and fome other phznome-
na not here explained, fhall be fhewed
when we come to give a Defcription of
the Orrery. :

Befides
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Befides the Planets already mention-
ed, there are other great bodies that
fometimes vifit our {yftem, which are
a fort of temporary Planets; for they
come and abide with us for a while,
and afterwards withdraw from us, for a
certain fpace of time, after which they
again return. Thefe wandering bodies
are called Comets.

29

The motion of Comets in the Hea-0fCome.,

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 vaftly nar-
rower, or more excentric, Yet they
have not all the fame dire¢tion with
the Planets, who move from Weft to
Eatit, for fome of the Comets move from
Eaft to Weft; and thewr orbits have
different 1nclinations to the Earth’s or-
bit; fome inclining Northwardly, others
Southwardly, much more than any of
the Planetary orbits do.

Altho’ both the Comets and the Pla-
nets move in elliptic orbits, yet their
motions feem to be vaftly different: For
the excentricities of the Planet’s orbits
are fo {mall, that they differ but httle

- 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 al-
moft in right lines, tending directly to-
wards the Sun.

Now, fince the orbits of the Comets
are {fo extremely excentric, their moti-
ons, when they are in their Perzbelia, or
neareft diftance from the Sun, muft be
much {wifter than when they are in
their Aphelia, or farthelt diftance from-
him; which 1s the reafon why the Co-
mets make fo fhort a ftay in our fyf~
tem; and when they difappear, are fo
long in returning.

The figures of the Comets are ob-
ferved to be very different; 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 latt:
years. The ancients were divided in
their opinions concerning them; fome

Tmas
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imagined that they were only a kind of
Meteors kindled in our atmofphere, and
were there again diffipated; others took
them to be {fome ominous prodigies:
But modern difcoveries prove, that they
are Worlds fubje& to the fame laws of
motion as the Planets are; and they
muft be very hard and durable bodies,
elfe they could not bear the vaft heat
that fome of them, when they are in
their Perihelia, receive from the Sun,
without being utterly confumed. The
great Comet which appeared in the year
1680, was within } part of the Sun’s
diameter from his furface; and there~
fore its heat muft be prodigioufly in-
tenfe beyond imagination. And when
it 1s at its greateft diftance from the
-Sun, the cold muft be as rigid.

SECT

3
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Of the FIXED STaRs.

HE fixed Stars are thofe bright
and fhining bodies, which in a
clear night appear to us every where
difperfed through the boundlefs regions
of fpace. They are term’d fix'd, becaufe
they are found to keep the fame immut-
able diftance one from another in all
ages, without having any of the*mo-
The fixedtions obferved in the Planets. The
Sarartitaxed Stars are all placed at fuch im-
ditance menfe diftances from us, that the beft
from ws. of telefcopes reprefent them no bigger
than points, without having any appa-

rent diameters.

The fixed 1t 1s evident from hence, that all the
Starsare Stars are luminous bodies, and fhine
jaminous with their own proper and native light,
like the €lfe they could not be feen at fuch a
Sun.  great diftance. For the Sazellizes of

Fupiter and Saturn, tho’ they appear

under confiderable angles through good

tele-~
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telefcopes, yet are altogether invifible to
the naked eye.

Although the diftance betwixt usTpe gin
and the Sun 1s vaftly large, when com- tancefrom
pared to the diameter of the Earth, gaLl 2 0
it 1s nnthmg when compared with thething in
prodigious diftance of the fixed StarsJ.i"-‘;"*"“P?‘;_}hla
for the whole diameter of the Earth’syar ir.
annual orpit, appears from the nhareﬁtﬂﬂﬂﬂ of
fixed Star no bigger than a point, and§:
the fixed Stars are at leaflt 100,c00
times farther from us than we are from
the Sun; as may be demonftrated from
the ﬂbfervatmn of thofe who have en-
deavoured to find the Parallax of the
Earth’s annual Orb, or the angle un-
der which the Earth’s orbit appears

from the fixed Stars.

Hence it follows, that tho’ we ap-Asto ap-
proach nearer to fome fixed Stars a ath
one time of the year than we do at themay be
oppofite, and that by the whole lﬂngthf:%idﬂ’d
of the diameter of the Earth’s orbit;the corser
yet this diftance being {o finall in comi- of the
parifon with the diftance of the ﬁxed e
Stars, their magnitudes or pofitions can-
not tHereby be fenfibly altered; there-
fore we may always, without error, fup-
pofe ourfelves to be in the fame center

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

If a {pectator 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

= us: and our Sun would appear to him

e fixed ;

Stars are NO bigger than a fixed Star: and un-

Suns.  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 {o many Suns.

It is not reafonable to fuppofe that

all the fixed Stars are placed at the fame

The fixeadiftance from us; but it 1s more pro-
stars are bable that they are every where inter-
3‘;31“ fperfed thro’ the vaft indefinite fpace of
o Ea.;hthe univerfe; and that there may be as
other. . 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-

€L
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er light, and appear {maller to the
eye:

~ The aftronomers diftribute the Starsthe air.
into feveral orders or clafles; thofe that‘tffib;fiﬂﬁ
are neareft to us, and appear brighteftg -°, -
to the eye, are called Stars of the firft6 clafes.
magnitude; thofe that are neareft to
them in brightnefs and luftre, are cal-

led 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 fmalleft that can be
difcerned by the naked eye. There are
infinite numbers of {maller Stars, that

can be feen through telefcopes; but thefe

are not reduced to any of the fix orders;

and are only called Telefcopical Stars.

It may be here obferved, that tho’ theOf 7v-
aftronomers have reduced all the Stars/?e
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 thefe orders; but there may

be in reality as many orders of the
Stars, as they are in number, few of

them appearmg exaltly of the fame
bignefs and luftre.

Pz The
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The ancient aftronomers, that they
might diftinguifh the Stars, in regard to
thewr fituation and pofition to each o-
ther, divided the whole flarry firma-
ment into feveral A4/ferifms, or {yftems of
Stais, confifting of thofe that are near
to one another. Thele Afferifms are
The Starscalled Conffellations, and are digefted into
digefted the forms of fome animals; as Men,
into Con -
wmm,Lyom Bears, Serpents, &c. or to the
images of fome known things; as, of a
Crown, a Harp, a Triangle, &,

The ftarry firmament was divided by
the ancients into 48 1mages, or con-'
{teliations; twelve of which they placed
in that part of the Heavens wherein
are the planes of the Planctary ocbits;

Zediae.  Which part 1s called the Zodiac, becaufe
moft of the conftellations placed therein
refemble fome living creature. The two
regions of the Heavens that are on each
fide of the Zodiac, are called the North
and South parts of the Heavens.

conftel-  The conftellations within the Zodiac

ations  aye | Aries, the Ram; 2. Taurus, the

within the . .

Zodiac, Bull; 3. Gemini, the Twins; 4. Can-
cer, the Crab; 5. Leo, the Lion; 6.
Virgo, the Virgin; <. Libra, the Ba-
lance; 8. Scorpio, the Scorpion; 9. Sa-

giifa~
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gittarius, the Arcbers vo. Capricornus,
the Goar; 11. Agquarius, the Waier-
Bearer; and, 12. Pifces, the Fifpes.

The conftellations on the North fideNorthern
of the Zosiac are Twenty-one, w':af—ﬂifua'
the L:ttle Bear; the Great Bear; the
Dragen; Cepheus, a king of Ethiopia;
Buootes, the keeper of the Bear; the
Northern Crown; Hercules with his Club,
watching the Dragon; the Harp; the
Swan; Caffiopeia; Perfius; Andromeda
the Triangle; Auriga; Pegafus, or the
Flying Horfe; Equuleus; the Dolphin;
the Arrow; the Eagle; Serpentarius;
and the Serpent.

The conftellations noted by the an-Southern
cients on the South fide of the Zaa'z‘.:zc,f{;’:ﬁ”a'
were fifteen, viz. the Whale; the ri-
rer Eridanus, the Hare; Orion; the
Great Dog; Little Dog; the Ship Ar-
go; Hydra; the Centaur; the Cup; the
Crow; the Wolf; the Altar; the South-
ern Crown; and the Southern Fifh. To
thefe have been lately added the follow-
ing, viz. The Phenix; the Crane;
the Peacock; the Indian; the Bird of
Paradife ; the Southern Triangle ; the
Fly; Cameleon; the Flying Fifb; Toucan,
or the American Goofe ; the Water Ser-

| pert,
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The INTRODUCTION.,

pent, and the Sword Fifh. The ane
cients placed thofe particular conftella-

tions or figures in the Heavens, either
to commemorate the deeds of fome
great man, or fome notable exploit
or aftion; or elfe took them from the
fables of theiwr religion, &¢. And the
modern aftronomers do fhll retain
them, to avoid the confufion that would
arife by making new ones, when they
compare the modern obfervations with
the old ones.

Some of the principal Stars have par-
ticular names given them, as Syrzus,
Aréturus, &¢. There are alfo feveral
Stars that are not reduced into conftel-
lations, and thefe are called Unformed
Stars.

Befides the Stars vifible to the naked
eye, there 1s a very remarkable fpace
in the Heavens, called the Galaxy, or
Milky Way. This 1s a broad circle of a
whitith hue, like milk, going quite
round the whole Heavens, and confift-
ing of an infinite number of {mall Stars,
vifible thro’ 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 pait }tirf

R the
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the Heavens where they are, and to
caufe that {hining whitenefs.

The places of the fixed Stars, or their
relative fituations one from another,
have been carefully obferved by aftro-
nomers, and digefted into catalogues.
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 eyc;
and thefe are all ranked in the catalogue
as the Stars of the feventh magnitude.

It may feem f{trange to fome, that
there are no more than this number of
Stars vifible to the naked cye; for fome-
times in a clear night they feem to be
innumerable: but this is only a decep-
tion of our fight, arifing from their ve-
hement f{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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Heavens with the naked eye at the fame
time; and if we fhould diftinétly view
them, we fhall not find many but what
are inferted upon a good Celeftial Globe.

Altho’ the number of Stars that can
be difcerned by the naked eye are fo
few, yet it 1s probable there are many
more which are beyond the reach of our
optics, for through telelcopes they ap-
pear in vaft mulatudes, every where
difperfed throughout the whole Hea-
ven; and the better our glafles are, the
more of them we ftill difcover. The in-
genious Dr., Hook has obferved 783 Stars
in the Pleiades, of which the naked eye
1s never able to difcern above 7; and in
Orion, which has but 8o Stars in the
Britifh catalogue (and fome of them
telefcopical) there has been numbered
2000 Stars.

aniqes . Thofe who think that all thefe glo-
of the U-rious bodies were created for no other
piverfe. purpofe than to give us a little dim
light, muft entertain a very flender i1dea
of the Divine Wifdom; for we receive
more light from the Moon itfelf, than
from =l! the Stars put together And
fince the .o - are futjeét to the fame
1aws of motion wiwu our Larth, and fome

of
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of them not only equal, but vaftly ex-
ceed it in magnitude, it is not unreafona
able to {uppole, that they areall habitable
Worlds. And fince the Fixed Stars are
no ways behind our Suz, either in big-
nefs or luftre, is it not prcbable, that
each of them have a fyftem of Planet-
ary Worids turning round them, as we
do round our Sun? And if we afcend
as far as the fmalleft Star we can fee,
fhall we not then difcover innumerable
more of thefe glorious bodies, which
now are altogether invifible to us? And
{0 ad infinitum, thro’ the boundlefs fpace
of the univerfe. What a magnificient
idea muft this raife in us of the Divine
Being! Who is every where, and at all
times prefent, difplaying his Divine
Power, Wifdom and Goodnefs, amongft
all his Creatures!

The

4.1
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The DESCRIPTION and
USE of the CELESTIALand
TERRESTRIAL GLOBES.

Glate or HEXX Globe or Sphere 1s a round folid
pparty zﬁ A ® body, having every part of its
%y furface equally diftant from a
point within it, called its Cen-
ter; and it may be concelved to be form-
ed by the revolution of a femicircle

round its diameter. |

Any circle paffing through the cen-

ter of the fphere, thereby dividing into

Creas Cir. TWO €qual parts or fegments, 1s called

cle, a Great Circle; and the fegments of

#m.  the {phere {fo divided, are called Hem:-
(pheres. _[pheres.

Every great circle has its Poles and
Axis,

Poles, The Poles of a great circle are two
points on the furface of the {phere, di-

ametrically oppolite to one another,
and
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and every where equally diftant from the
faid circle.

The Axis of a circle is a right line 4,
paffing through the center of the fphere,
and through the Poles of the faid cir-
cle, and 1s therefore perpendicular to
the Plane: Therefore

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 itsg, .~
Secundaries. ries.

All circles dividing the fphere into
two unequal parts, are called /effer or pa-Laralit
rallel Circles, and are ufually denomina- c;,ﬁ,
ted by that great circle to which they
are parallel,

The Earth being globular, its out-
ward parts, as the {everal Countries, Seas,
&e. are beft, and moft naturally repre-
{fented upon the furfaces of a Globe; 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 fituation, it is called a TerrefirialTerrefrial
G&IQ&E’. Gfﬂﬁh

The
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The Defcription and Ule

The Celeftial Bodies appear to us as
if they were all pl-ced ' the fame con-
cave {phere, therefore aftronomers place
the Stars according to their refpective
fituations and magnitudes, and alio
the images of the confteliations, upon
the external furface of a Globe; for
it anfwers the fame purpofes as if they
were placed within a concave fphere,
if we fuppofe the Globe to be tranipa-
rent, and the eye placed in the cen-
ter. A Globe having the Stars placed
upon its furface, as above defcribed, is
called a Celeffial Globe. Thefe Globes
are both placed in frames, with other
appurtenances, as fhall be defcribed in
a proper place.

Theprin- Lhe principal ufes of the Globes

cipal ufe
of the
Globes,

(befides their ferving as Maps, to dif-
tinguifh the outward parts of the Earth,
and the fituations of the fixed Stars)
1s to explain and refolve the phanome-
na arifing from the diurnal motion of
the Earth round its Axis.

It has been thewed in the Introduc-
tion, that the diftance of the Earth
from the Sun, 1s no more than a point,
when compared with the immenfe dif-
tance of the fixed Stars; therefore Let

the
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the Earth be in what point foever of There
her orbit, there will be the fame prof-¥ill be
pe@ of the Heavens, as a fpe&atorp,.zrpa;"&f,f
would obferve did he refide in the Sun:the fixed
And if feveral circles be imagined to3™ ¥he-
pafs thro’ the center of the Earth, and fpetator
others, parallel to them, be conceived to® placed
pafs thro’ the center of the Sun, thefe garh, or
circles in the Heavens will feem to coin-intheSun,
cide, and to pafs exactly thro’ the fame
Stars. Wherefore as to the appear-

ances of the fixed Stars, it is indifferent
whether the Earth or the Sun be made

the center of the Univerfe.  But becaufe

it is from the Earth that we always ob-

{erve the celeftial bodies, and their ap-

parent motions {eem to us to be really

made in the Heavens, it is more natural

in explaining the phznomena arifing

from thefe motions, to Place the barth

in the center. And again, becaufe the
femidiameter of the Earth, when com-

pared to her diftance from the Sun, is

of no fenfibic magnitude, any point, up-

on the Earth’s furface, let her be mn

what part foever of the orbit, may be
confidered as being the center of the
Univerfe. Upon thefe principles, the
different phenomena anfing from the
diurnal motion of the Earth, and the

dif-
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different fituation of a fpetator upon
its furface, are very naturally illuftrated
and explained by the Globes.

As to the alterations of feafons, &e:
arifing from the annual motion of the
Earth round the Sun, it 1s indifferent
which we fuppofe to move, the Earth
or the Sun, for in both cafes the effect
will be the fame. Wherefore becaufe
it i1s 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 the
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 objeéti-
ons that might be made by beginners,

after they have been told that the Sun
ftands fhll.

5 EE F.
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An Explanation of the Circles

of the Sphere, and of [ome
Aftronomical Terms arifing
therefrom.

N order to determine the relative
fituations of places upon the Earth,
as well as the politions of the fixed Stars,
and other Celeftial ph®nomena, the
Globe of the Earth is fuppofed to be
environed by feveral imaginary circles,
and thele are called the Circles of theThe Cin
Sphere. Thefe 1maginary circles areﬁ,:ﬁ s
either fixed, and always obtain the fame *
pofition in the Heavens, or moveable,
according to the poﬁtmn 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 Secundaries and Pa-
rallels,
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rallels. 'Thefe fixed circles are ufu-
ally delineated upon the furface of the
Globes.

The moveable circles are only the
Horizon, its Secundaries and Parallels:
Thefe are reprefented by the wooden
frame, and the brafs ring, wherein the
Globe is hung, and a thin plate of brafs
to be fcrewed 1n a proper place, upon
the faid ring, as occafion requires.

I. Of the Equinoétial.

TheBgua- 1. ‘The Equator, or the Equinoctial,

m:.- E- :

noliial,

1s that great circle in the Heavens, in
whofe plane the Earth performs her
diurnal motion round her axis; or it is
that great circle, parallel to which the
whole Heavens feem to turn round the
Earth from Eaft to Weft in 24 Hours.

Note, The Equator and the Equinoc-
tial are generally fynonymous terms;
but fometmes the Equ&tm particularly
fignifies that great circle upon the fur-
face of the Earth, which coincides with
the Equinoctial in the Heavens. This
circle is alfo by Mariners commonly
called the Lize,

This
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The equinoétial divides the globe of

the Earth, and alfo the whole Heavens

into two equal parts, North and South,

which are called the Northern and Southb- niriperr

ern Hemifpheres. The axis of this cir-asd gfﬂfgé'

cle, is called the Axis of the World, ovyy,.™"

the Earth’s Axis, becaule the Earth re- L

volves about it (from Weft to Eaft) in?jﬁ"’"

24 hours. The extreme of this axis#oid.

are called the Poles of the World, whereoft ;_

that which lies in the Northern Hemi- 2% 9%

{phere, 1s called the North Pole, and the o b E-

other is called the Sowrh Pole. The e-gv@or

quinoctial circle 1s always delineated

upon the furface of each globe, with,

its name at length exprefled; the axis of

this circle, or the Earth’s axis; is only

an imaginary line in the, Heavens, but

on the globes it is exprefled by the wires

about which they really turn. The

Poles of the world; are the two points

upon the furface of the globe through

which thefe wires pafs; the North Pole

1s that which hath the little brafs circle,

with a moveable index placed round

it; and the other oppofite to it is the

South Pole. 'The Northern Hemi-
fphere 1s that wherein the North Pole

- 1s placed, and the oppofite one is the

Southern Hemifphere.

¥ The
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The aftronomers divide all circles into
360 equal parts, called Degrees, each
degree into 6o equal parts, called Mi-
nutes, each minute into 6o Seconds, &c.
But befides this divifion into degrees,
the equinoctial 1s alfo divided into 24
equal parts, or Hours, each hour into
60 Minutes, each minute into 6o Se=
conds, &c. fo that one hour is equal to
15 degrees, each minute of time 1s equal
to 15 minutes of a degree, &e. ’

2. All circles conceived to pafs
through the Poles of the world, inter-
fecting the equinoctial at right angles,
are, with refpe& to any point in the

Hour Cir- Heavens, called Hour Circles; and the
f:j ;C};Cfrdﬂ of Afcenfion, becaufe the afcen-
cenfion, al-fion of the Heavenly bodies, from a cer-
focaled tain point, are by them determined.
Thefe circles are alfo, with regard to

places upon Earth, called Meridians.

The Meridians are commonly drawn
upon the Terreftrial Globe thro’ every
15 degrees of the equinoctial, thereby
making an Hour difference betwixt the
places through which they pafs. On
the Celeftial Globe there are commonly
drawn buttwoofthele Meridians, croﬂi?l g

the
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the equino&tial 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 on which they are hung, which,rh 2
is therefore called the Brafs Meridian, Mﬁiﬁ;f
and fometimes only the Meridian, it
ferving for this purpofe to all the points

upon ecither Globe.

There is alfo a little brafs circle fix«
ed upon this meridian, divided into 24
Hours, having an index moveable round
the axis of the globe, to be turned to
-any particular Hour. The ufe of this
circle is to thew the difference of time
betwixt any two meridians, and is there-,, ..
fore called the Hour Circle. i

All circles parallel to the equi-
noétial are, with refpett to any point in
the Heavens, called Parallel of Dec!:'-;‘;i‘f‘;f
nation, So that, tion,

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

E2 to
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Northward
Southward

Declina~ y 3 : 5
zion Norith Called North Declination.
South :

and Sourh,

to the of the equator, itis

Of the parallels of declination, four

are eminently diftinguifhed by particu-

Tropics lar mames, viz. The two Tropics, and
and Poarthe two Polar Circles.

Circles,
The tropics are on different fides of
the equator each 23 degrees and 29
minutes diftant from it; that which lies
~_in the Northern Hemifphere, 1s called
o d the Tropic of Cancers and the Southern
of Capri- ON€, the Tropic of Capricorn.
g
Thefe circles are the limits of the
Sun’s greateft declination, and are cal-
led tmpics, becaufe whenever the Sun
arrives to them, he feems to return back.
again towards the equator.

6. The Polar Circles are each of

them at the {fame diftance from the

Poles of the world, that the tmplcs

are from the equator, v7z, 23° 29

That which lies near the North Pole,

saic 15 called the Arétic Circle, from Arétos,
Girde. 3 conftellation fituated in the Heavens
near that Place; whence alfo this Pole

is
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is fometimes called the 4ré&tic Pole. 'The 4.5
other Polar circle, which 1s fituated nearPo.
the South Pole; 1s called the Antarétic ,, .
% § 3 " ntaréliy
Circle, becaufe its pofition 18 contrary Circi.
to the other; and the South Pole is fome- .
times called the Antar&ic Pole. 7 i

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

II. Of the Ecliptic.

The Ecliptic 1s that great circleEdipeic.
in whofe plane the Earth performs its
annual motion round the Sun; or, ur
which the Sun feems to move round the
Earth, once in a year. This circle
makes an angle with the equinoctial
of 23 degrees 29 minutes, and interfects
it in two oppofite points, which are cal-
led the Equinottial Points; and the twofﬁ’?fﬂﬁf'
points in the ecliptic that are at the
greateft diftance from the equinoctial
points, are called the Solflitial Points. Siipitial
The two meridians paffing through?ws
thofe points, are, by way of eminence,
called Colures; whereof thar which paf-colures.
feth thro’ the equinoftal points, is cal-
led the Eguinoétial Colure; and thatEguimea:-
which is at right angles to it, pafling® Coure.

E 3 through
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Solftitial
Colure,

The
Ecliptic
divided
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through the Solftitial Points, is called
the Solfistral Colure.

- The ecliptic is divided into 12 equal
parts, called Signs, each fign being 30

1into figns.degrees, beginning from one of the

Novtbern
Efgﬂft

Routbery
Signs.

equinoctial points, and numbered from
Weft to Eaft; the names and charac-
ters of the twelve figns are as follows,
Vizs,

Aries, Tanrus, Geminiy, Cancery Leo, Virgo,

1.9 #.'B 9. I 4% 5.5 6.1
Libra, Scorpio, Sagittarius, Capricornus, Agquaries, Pifees.

- DN | R T | 10, kp. 1. 5 12.%

. The firft fix of thefe are called the
Northern Signs, and poflefs that half
of the ecliptic which is to the North-
ward of the equator; beginning with
the firft point of «, and ending with
the laft point of .

The latter {ix are called the Southern
Signs, becaufe they poflefs the Southern
half of the eeliptic; beginning at the
firft point of &, and ending with the
laft pomt of x.

The divifion of the ecliptic into figns,
and the names of the colures, are parti-
cplarly exprefled upon the globes.

Thes



B3, Of the GLoBEs.

The figns of the ecliptic took their
names from 12 conftellations mention-
ed in the Introduction to be fituated
in the Heavens near thofe places. It
1s to be obferved, that the figns are not
to be confounded with the conftellati-

ons of the fame name: For the Sign of

Aries, is not the fame with the Confel-
lation Aries; the latter 1s a f{yftem of
Stars digefted into the figure of a Ram;
but the fign of Aries 1s only 30 degrees
of the ecliptic, counted from the equi-
~ no&ial 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 Celeftial
Globe contained between the two cir-
cles pafling through the firft points of
v 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-
{tellation Aries has now got into the
fign ¥, and fo of the reft. So that Pj/-
ces 1s now got into the fign of «; this
flow motion in the Heavens is called the
Preccffion of the Equinoétial Points.

kg The
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-

Polisof the . The Poles of the Ecliptic are both fi-
Fte. tmated in the Solftitial Colure, at 23
degrees, 29 minutes diftance from the
Pole of the world; and they take their
denomination from the Hemifphere
wherein they are placed, v7z. that which
Northern
Southern
T
gﬂ?]r:}}: § Pole of the eclip-
tic. Thearctic and antarctic circles, are
defcribed by the Poles of the ecliptic in
the diurnal motion of the Earth round
1ts axis, whence 1t {feems thefe two cir-
cles are called Polar.

lies in the .% Hemifphere, is

called the

8. All great circles paffing through
the Poles of the ecliptic, and confequent-
ly interfecting it at right angles, are cal-

Civeles of lie d C”f I’E 5 "?f Lgﬁgffﬂalf: SCI that,

I.W{g itude.

Longitude 9. 'The Longitude of ony Point 1n the
‘f«;':‘:;iﬁ;f the Heavens (as a Star or Planet, &c.)
wens. 15 an arch of the ecliptic contained be-
" tween the circle of longitude pafling
thro' that point, and the equinoctial
point «. And that degree of any fign
which lies under the circle of longitude,
pailing thro’ any Star or Planet, 1s called

%’f::*’ o4 the Place of that Star or Planet,

%\Tat:,

.



Sect. 1. Of the GrLorrEs. 57

Note, The Sun never goes out of the
ecliptic, and 1t 1s not ufual to fay the
Sun'’s lungltudc, but we commnnl €Xm
prefs it the Sun’s Place, which 1s that
fign, degree, minute, &c. of the ecliptic,
which he at any time pafles.

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

11. 'The Lat:tude of any point in the Latitude of
Heavens, (as a fixed Star, &e.) is ana¥ende
arch of the circle of longitude, in paf-
fing thro that point, and intercepted
betwixt it, and the ecliptic; or, the la-
titude is the diftance from the ecliptic;
and if the faid point be to the North-
ward of the ecliptic, it is called North
Latitude; but if it be to the Southward,

18 called South Latitude.

Upon the Terrefirial Globe, none of
the circles of longitude are defcribed;
and upon the Celeffial, they are com-
monly drawn thro’ the beginning of
every Sign; but they are all fupplied
upon both Globes, 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

e
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parallels of latitude are alfo fupplied by
the graduations upon the faid plate, as
fhall be fhewn in a proper place.

We have now done with all thofe cir«
cles that are fixed, and {uch asare drawn
upon the Globes themfelves; we next
proceed to the moveable circles.

III. Of the Horizon.

12. 'The Horizon 1s that great cir-
cle which divides the upper, or vifible
Hemifphere of the world, from the
lower, or invifible: This circle 1s diftin-
guifhed mnto two forts, the Senfible, and
the Rational.

The Senfible, or Apparent Horizon, is
that circle which limits or determinates
our profpett, whether we are at land
or {ea, reaching as far as we can fee, or
it is that circle where the Sky and the
Earth, or Water, feem to meet. When
we are on Terra Firma, this circle com-
monly feems rugged and irregular, oc-
cafioned by the unevennefs of the ground
terminating our profpect; but at fea
there are no fuch uregularities; the fe-
midiameter of this circle varieth accord-
mg to the height of the cye of tll;c

£ b
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obferver; if a man of fix feet high
ftood upon a ldrge plain, or the furface
of the fea, he could not fce above three
miles round.

This circle determines the rifing and
{etting of the Heavenly bodies, and dif-
tinguifhes Day and Night,

The Ra#ional, or true Horizon, is aRational

great circle paffing thro’ the center o
the Earth, parallel to the fenfible Hori-
zon, being diftant from it by the Earth’s
femidiameter, which is about 3980
miles: This diftance is nothing in com-
parifon of the immenfe diftance of the
Sun and the fixed Stars, therefore a-
ftronomers make no diftin&ion between
thefe two circles, but confider the appa-
rent Horizon, or that wherein the Sun
1!:l:qjears to 11&: and fet, as paffing thro’
center of the Earth,

This circle is divided by aftronomers
into four quadrants, and each of the
?uadrants into go degrees, &c. The
our points quartering-this circle are

fHar:m

called the Cardinal Points, and are term- cmr* nal

ﬁ:m’: ﬂ

ed the E@ﬁ, Weft, Neorth, and South.,; y %

The Eaft is that point of the Horizonzon,

where the Sun rifes when he i1s in the
equi-
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equinoftial, or on that day when he
afcends above the Horizon exacttly at

fix o'clock; and the #¢f# is that point

of the Horizon which 1s direétly oppo-
fite to the Eaft, or where the Sun fets
when he is in the Equinoftial. The
South-is go degrees diftant from the
Eaft and Weft, and 1s toward that part
of the Heavens wherein the Sun always
appears to us in Great-Britain at Noon;

and the North 1s that part of the Hea-

vens which is direCtly oppofite to the
South: Or, the North ang South points
of the Heavens may be found by turning
yourfelf either directly towards the Eaft
or the Weft: If you look towards the
‘Eaft 7 South

Wa i the South ¢ will be to theright |

Hand, and the § ¢ 0" ¢ to the left.

Befides the aforementioned divifions
of the Horizon into degrees, Mariners
divide it into 32 equal parts, which they
call the Poznts of the Compafs; to each of
which points they give a particular
name, compounded of the four Car-
dinals, according to what quarter of the
Compafs 1s intended.

The center of the Horizon 1s the
place

—

e i g .
g o Pt

1
-J.
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place of obfervation, and the Poles of it
are one exatly over our heads, called
the Zenith; and the other exactly under Zenitb.
our feet, called the Nadir. Nadiv,

13. All circles conceived to pafs
thro’ the Zenith and Nadir, are called
Vertical Circles, or Azimuths. Of thefeorvical
circles, that which pafleth thro® the "%
North and South points of the Horizon,
is called the Meridian; fo that when any aridias,
objett is upon the Meridian, it then
bears either due South, or due North
from us; and the Azimuth of any ob- fuimus,
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
is commonly fpecified,

The meridian pafles thro” the Poles
of the world, as well as through the
Zenith and Nadir, and therefore is a
fecundary both of the equinoctial and
the horizon: This circle divides the
globe into the Eaflern and Weflern He-
mifpberes, and the Poles of it are the
Eaft and Weft points of the Horizon.
All the heavenly objécts are, during one
half of their continuance above the ho-
rizon, in the Eaftern Hemifphere, atpd

or
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for the other half in the Weftern; fo

that whenever the Sun arrives upon the
upper part of the meridian, it 1s then
Noon, or Mid-day, which is the reafon
why this circle is called the meridian;

and when he comes to the lower part,

it 1s then Mid-night.

The vertical circle pafling thro’ the

Eaft and Weft points of the horizon,

:::fy er-is called the Prime Vertical, or Circle of

" Eaft and Wef; fo that when any ob-

je¢t 1s upon this circle in the Eaftern

= hemifphere, 1t appears due Eaft; and

if it be in the Weftern hemifphere, it
appears due Weft,

That degree in the horizon wherein

any objet rifes or {ets from the Eaft or

dmpliude. Weft points, 1s called the Amplitude;

which for rifing 1s called Amplitude Or-

tive, and Occafive tor fetting; which

muft be alfe denominated whether it be
Northerly or Southerly.

It may be obferved, that the Ampli~

fude and Azimuth are much the fame;
the amplitude fhewing the bearing of
any object when he rifes or fets, from
the Eaft or Weft points of the hori-
zon; and the azimuth, the bearing of

any

e B T — T
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any objeft when it is above the hori-
zon, either from the North or South
point thereof. As for example, if
an obje rifes or fets within 1o degrees
of the Eaft or Weft, fuppofe towards
the South, we accordingly fay, its AZm-
plitude is 10 degrees Southerly; but if
an obje&, that is of any height above
the horizon, fhould be 1n the vertical
circle, pafling thro’ the before-menti-
oned point, we then fay, its Azimuth is
80 degrees from the South, or 100 de-
grees from the North, both which ex-
preflions fignify the fame.

14, Allcircles drawn parallel to the
horizon, in the upper hemifphere, are

called Almacanthers, or Parallels of Al- dlmatas-

thers.

titude: So that the Alitude of any Al odie.

point in the Heavens is an arch of the
vertical circle paffing thro’ that point,
and intercepted betwixt it and the ho-
rizon; and if the obje¢t be upon the

meridian, it is commonly called the Me.ﬂ:?fmﬁ
ridian Altitude. The complement of ¥

the altitude, or what it wants of go de-

grees, is called the Zenith Diftance. Lz?.;',a ﬂi%

The horizon (by which we mean
the rational) is reprefented by the upper
furface of the Wooden 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 before-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 is 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 Ec/iptic, drawn
upaon 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 brals me-
ridian in the Zenith point; which be-
ing done, the lower end of it may be
put between the globe it felf, and the

‘mner edge of the horizon, and fo turn-

ed round about to any point required.

The
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The fiducial edge thereof reprefenting
the Vertical Circles, and the Degrees
upon it, defcribing the Parallels of Al-
titude. This thin plate 1s called the

Quadrant of Altitude.

The center of the horizon being the
place of obfervation, it is evident that
this circle, and all the others belong-
ing to 1t, are continually changed,
which way foever we move; wherefore
we may fuppofe the hc}rizﬂﬁ, with its
fecundaries and parallels, to inveft the
globe like a »ere or net; and to be
moveable every way round it. This 1s
very naturally illuftrated by the globes;
if we move direCtly North, or directly
South, the change made in the horizon
1s reprefented by moving the brafs me-
ridian (keeping the globe from turning
about its axis) in the notches made in
the wooden horizon, juft {o much as
we travelled. If our courfe thould be
due Eaft, or due Weft, the alterations
made thereby are reprefented by turning
the globe accordingly about its axis,
the brafs meridian being kept fixed; and
if we fteer betwixt the meridian and the
Eaft or Weft points, then we are to
turn the brafs mendian, and alfo the
globe about its axis accordingly; the

F oy
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of Altitude.
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fum of which 1s, let the fpectator be at
what point foever of the Earth’s furface, '
he’ll there gravitate, or tend exadtly to-
wards its center, and imagine himfelf
to be on the higheft part thereof, (the
unevennefs of the ground not being
here confidered ) wherefore if we turn the
globe in fuch a manner as to bring the
feveral progreflive fteps of a traveller
fucceflively to the Zenith, we fhall then
have the fucceffive alterations made
the horizon, in every 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 paflengers
can travel quite round it; for fince every
thing tends toward the center of the
Ifarth, we are to conceive that point as
being the loweft, and not to carry our
1dea 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 peing no fuch
thing in nature as one place being higher
than another, but as it is at a greater
diftance from the center of the Earth,

let 1t be in what country foever.

We have now done with all the cir-
cles of the fphere, and it may be ob-
ferved
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ferved, that the Equinoétial, the Ecliptic,
and the Horzzon, with their {fecundaries
and parallels, are all alike; and altering
their pofition, may be made to ferve for
one another. Thus, if the Poles of the
World be brought into the Zemizh and
Nadir, the Equinoétial will coincide with
the Horizon, the Meridians will be the
{fame with the Pertical Circles, and the
parallels of Declination will be the pa-
rallels of Altitude. After the fame man-
ner, if thifting the pofition, we bring the
Ecliptic to coincide with the Horzzon, the
circles of Longitude will be the Vertical
Circles, and the parallels of Latitude and
Altitude will comncide.

The horizon and the equator may
be either parallel, perpendicular, or ob-
lique to each other.

15. A Parallel Sphere is that pofition Parallel
where the equator coincides with the 4%

horizon, and confequently the poles of
the world are in the Zenith and Nadir:
The inhabitants of this {fphere (if there
be any) are thofe who live under the
poles of the world.

16. A Right or Direit Sphere 1s that Rigk

pofition where the equator is perpen-%%e

F 2 dicular
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dicular to the horizon, the inhabitants
whereof are thofe who live under the
equinoc¢tial.

17. An Oblique Sphere is when the
equinothial and the horizon make ob-
lique angles with each other, which
every where happens but under the
equator and the poles.

The arch of any parallel or declina-
tion, which ftands above the horizon is
called the Diurnal Arch; and the re-
maining part of it, which 1s below the
horizon, 1s called the Nocturnal Arch.

That point of the equinoétial which
Eaftern
comes to theg Weftern § PATt of the ho-

rizon with any point of the Heavens, 1s

Afcenfion
called the E_Deﬂ:en Gt
counted from the beginning of «; and if
it be in a right {phere, the afcenfion or
delcenfion 1s called right; but if it be an
oblique fphere it is called an oblique af-
cenfion or defcenfion. So that,

of that point,

18. The Right Afcenfion of the Sun,
Maoon, or any Star, &c. is an arch of
the equator contained betwixt the begin-

ning
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ning of «, and that point of the equinoc~
tial which rifes with them in a Righs
Sphere, or which comes to the meridian
with them in an oblique {phere.

19. Oblique Afcenfion, or Defcenfion, Obigue
is an arch u? the equinoctial intercepted 4«
between the beginning of «, and that
Point of the Eguator which rifes or fets
with any point in the Heavens in an
oblique iphere.

20. Afcenfional Difference, is the deerfional
difference betwixt the right and oblique 27
afcenfion or defcenfion, and fhews how
long the Sun rifes or fets before or af-
ter the hour of fix.

IV. Of the Divifion of Time.

The parts that time is diftinguifhed
mto, are Days, Hours, Weeks, Montbs,
and ZYears.

A Day is either natural or artificial.

A Natural Day is the {pace of timeNatural
clapfed while the Sun goes from any}ﬁ;‘%ﬁ}_
meridian or horary circle, ’till he arrives
to the fame again; or, it 1s the time
contained from noon, or any particular

F 3 hour,
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hour, to the next noon, or the fame
hour again: An Artificial Day 15 the
time betwixt the Sun’s nfing and fet-
ting; to which is oppofed the Night,
that is, the time the Sun 1s hid under
the horizon.

Huurs, . 'The Natural Day 1s divided into 24 -

Hours, each hour into 6o Minutes, each
minute imto 6o Seconds, &c. The Ar-
tificial Days are always unequal to all

the inhabitants that are not under the
equator, except when the Sun 1s in the
equinoctial points v and =, which hap-

pens (according to our way of reckon-

ing; about the 2:ft of March, and the

23d of September; at thofe times the

Sun rifes at fix and fets at fix. to all the
inhabitants of the Earth. Thefe days
Equinaxes, A1€ Called the Equinoxes, or Equinoétial
Days; the firft of which, or when the

Sun 1s 1n the firft point of Aries, 1s cal-
Vernalandled the Vernal Equinox, and the latter 1s
Autxmnal colled the Autumnal Equinox. In all
e places where the Sun defcends below the
horizon, excepting under the equator,

the days continually lengthen or fhorten,

and that fafter or flower, according as

the Sun 1s nearer to, or further from the
equinoctial, until he arrives to either of

the Solflitial Points = or w. At thofe

- | times
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times the Sun feems to ftand ftill for a
few days, and then begins to return with
a flow motion towards the equinoctial,
ftill haftening his pace as he comes near-
er to it: The Sun enters the tropics of
= and v, about the 21ft of ‘fune, and
the 22d of December, which days are
fometimes called the So/ffices; the firt of Sojices.
which we call the Summer Solftice, an-:ij“‘*’é‘ﬁ‘.‘
n nger

the latter the Winter Solffice. Soiices.

All nations do not begin their day, The dif-
and reckon their hours alike. In Great- fﬁ’:ﬂf‘ bg}
Britain, France, and Spain, and in moft e dag.
places in Europe, the daysis reckoned to
begin atmidnight, from whence is count-
ed twelve hours ’till noon, then twelve
hours more ’till next midnight, which
makes a compleat day; yet the Affrono-
mers (in thefe countries) commonly be-
gin their day at noon, and {o reckon
24 hours ’till next noon, and not twice
twelve, according to the vulgar com-
putation.

The Babylmnians began their day at
Sun-rifing,. and reckoned 24 hours 'till
he rofe again! This way of computa-
tion we call the Bdé}'!ﬁﬁ{/f?} Hours.  In Belilnifh
feveral parts of Germany'they count their 4
hours from Sun-fetting, calling the firft
Fig hour
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hour after the Sun has fet, the firft hour,
&e. 'till he fets the next day, which they
call the 2 th hour: Thefeare commonly
called thc Italian Hours. According to
both thefe ways of computation, their
hours are cc:mmunl} etther a little great-
er or lefs than the *_ part of a natural
day, n plopurtmn as the Sun rifes or
{ets {ooner or later in the fucceeding days.
They have alfo this inconvenience, that
their mid-day and mid-night happen
on different hours, according to the fea-
Ic:-ns of the year,

The Fews and the Romans formerly di-
vided the artificial days and nights each
into 12 equal parts; thefe are termed
the Fewifb Hours, and are of different
lengths, accmrdmg to the feafons of the
year; a fewifh Hour in fummer being
longer than one in winter, and a night-
hour fhorter. This method of compu-
tation is now in ufe among the Turks,
and the hours are ftiled the | firft bour, fe-
cond hour, &c. of the day or night; fo
that Mid-day always falls on the fixth
hour of the day. Thefe hours are alfo
called Planetary Hours; becaufe in every
hour one of the feven Planets were fup-
pofe to prefide over the World, and fo

; E;%._k_f: it by turns., T hf:: ﬁrﬁ: hour after

Sun»
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Sun-rifing on Sunday was allotted to the
Sun; the next to Fenus; the third to
Mercury; and the reft in order to the
Mosn, Saturn, Fupiter, and Mars. By
.nis means on the firft hour of the next
day, the Moon prefided, and {o gave the
name to that day; and fo feven days by
this method had names given them from
the Planets that were {fuppofed to govern
on the firft hour.

73

A Week is a {yftem of feven days, in g we:

which each day is diftinguifhed by a
different name. In moft countries thefe
days are called after the names of the
feven Planets, as above noted. All na-
tions that have any notion of religion,
lay apart one day in feven for public
worfhip; the day {folemnized by Chrif=
tians 18 Sunday, or the firft day of the
week, being that on which our faviour
rofe from the grave, on which the apo-
ftles afterwards ufed more particularly
to affemble together to perform divine
worthip. The Fews obferved Saturday,
or the feventh day of the week, for their
fabbath, or day of reft, bemg that ap-
pointed in the fourth commandment un-
der the Law., The Turks perform their
religious ceremonies on Friday.

A



74

The Defeription and Ufe

AMuth. A Month 1s properly a certain fpace

of time meafured by the Moon in his
courfe round the Earth. A Lunar Month

Perindical 18 €lther Periodical or Synodical. A Pe-
and Sywo~ yiodical Month is that {pace of time the

dical
Menth,

Moon takes to perform her courfe from
one point in the ecliptic till fhe arrives
to the fame again, which is 27 days,
and fome odd hours; and a Symodical
Month 1s the time betwixt one new
Moon, and the next new Moon, which
is commonly about 29 days. But a
Civil Month, is different from thefe, and
confifts of a certain number of days,
fewer or more, according to the laws
and cuftoms of the country where they
are obferved.

The compleateft period of time is a
Year, in which all the variety of {feafons
return, and afterwards begin a-new. A

A Year 5 Year 1s either Aftronomical or Civil.  An
dereal and Aftronomical Year 1s either a Sydereal,

Tropi cal.

wherein the Sun departing from a fixed
Star, returns to 1t again; or Trepical,
which is the fpace of time the Sun
takes to perform his courfe from any
point of the ecliptic, 'uill Le returns to
it again,

A
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A Tropical Year conlifts of 365 days,
5 hours, and 49 minutes; this is the
time in which all the {eafons com-
pleatly returns, which is a {mall matter
lefs than a Sydereal Year.

The Civil Year 1s the fame with the
Poiitical eftablithed with the laws of a
country; and is either moveable or im-
moveable. The moveable year confifts
of 365 days, being lefs than the tropi-
cal year by almoft fix hours, and is

75

called the Egypfian Year, becaufe ob-Egyptiae

ferved in that Country.

The Romans divided the year into 12
kalendar months, to which they gave
particular names, and are ftill retained
by moft of the Eurgpean nations, wiz.
Fanuary, February, March, April, May,
“fune, Fuly, Auguft, September, Ofober,
November, and December. The number
of days in each month may be known
by the following verfes:

Thirty Days bath September,
April, June, and November;
February bath Twenty-eight alone,
And all the reft have Thirty-one.

The
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The year is alfo divided into four
quarters or feafons, wviz. Spring, Sum-
mer, Autumn, and Winter. Thefe quar-
ters are properly made when the Sun
enters into the equinoctial and f{olftitial
points of the ecliptic; but in civil ufes
they are differently reckoned, according
to the cuftoms -of feveral countries.
In England, we commonly reckon the
firlt day of ‘fanuary to be the firft in
the year, which is therefore vulgarly
called New-Year’s-Day; but in politi-
cal and ecclefiaftical affairs, the year
1s reckoned to commence on Lady-day,
which is the 25th of March; and from
thence to Midfummer-day, which is the
24th of Fune, 1s reckoned the firft quar-
ter; from Midfummer-day to Michael-
mas-day, which 1s the 29th of September,
is the fecond quarter; the third quar-
ter 1s reckoned from Michaelmas-day to
Chriftmas-day, which is the 2s5th of
December; and from Chriftmas-day to
Lady-day, 1s reckoned the laft quarter
in the year. In‘’common affairs, a
quarter 1s reckoned from a certain day
to the fame 1n the fourth month follow-
ing. Sometimes a month is reckoned
four weeks, or 28 days, and fo a quar-
ter 12 weeks. To all the inhabitants

in
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Northern
Southern

Midfummer 1s properly when the Sun
is in the tropic of Lot g and

in the gHemi(phere, their

Capricorn,

their Midwinter at the oppofite time
of the year; but thofe who live under
the equinoctial have two winters, &e.
when the Sun is in either tropic; tho’
indeed properly, there is no feafon that
may be called winter in thofe parts of
the world.

The Egyptian year of 365 days be-
ing lefs than the true folar year, by al-
moft fix hours, it follows, that four fuch
years are lefs than four folar years by
a whole day; and therefore in 363
times four years, that is, in 1460 years,
the beginning of the years move through
all the feafons. To remedy this in-
conveniency, Fulius Cefar (confidering
that the fix hours, which remain at the
end of every year, will in four years
make a natural day) ordered that every
fourth year fhould have an intercalary
day, which therefore confifts of 366
days; the day added was put in the
month of February, by poftponing St.
Mattbias's day, which in common years
fall on the 24th, to the 235th of the faid

menth,
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month, all the fixed feafts in the year

from thenceforwards falling a week-day

| later than otherwife they would. Ac-

" Bifixtile, cording to the Roman way of reckon-

or Leap- ing, the 24th of February was the fixth

Year, (" the kalends of March, 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, {econd,
or third after; divide it by fDLli, and
the remainder, if there be any, fhews
how many years it 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 furft after
leap-year.

This method of reckoning the year,
vz, making the common vear to con-
fit of 365 days, and every fourth year
to hzwe 366 days, is now ufed in Greas-

Britain,
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Britain and Ireland, and fome of the
Northern parts of Europe, and is called

the Fulian Account, or the Old Style.yulian 4.
But the time appointed by Fulius Cafargiyer }'5*
for the length of a folar year is too  ~
much; for the Sun finifhes his courfe

in the ecliptic, i 365 days, 5 hours,

and 49 minutes, which is 11 minutes

lefs than the civil year; and therefore

he again begins his circuit 11 minutes
before the civil year is ended; and fo
much being gained every year, amounts

in 131 years, to a whole day. So that

if the Sun in any year entered the equi-

nox upon the 20th of March at noon,

after the {pace of 131 years, he’ll enter

the fame point on the fame hour, on

the 19th of March. And therefore the
exquinoxes will not always fall on the

fame day of the month, but by degrees

will move towards the beginning of

the year.

At the time of the Cowncil of Nr'ff,..-"'iI). g2 5
when the terms were fettled for ob-
ferving of Eaffer) the Vernal Equinox fell
upon the 21t of March; but by its
falling backwards 11 minutes every year,
it was found that in Anmo 1582, when
the kalendar was correéted, the Sun en-
tered the equino&ial circle on the 11th

of
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of March, having departed ten wholé
days from its former place in the year:
and therefore Pope Gregory the X1IIth,
defigning to place the equinoxes in their
fituation with refpect to the year, took
thele ten days out of the kalendar, and
ordered that the 11th of March thould
be reckoned as the twenty-firft: And
to prevent the feafons of the year from
going backwards for the future, he or-
dered every hundredth year, which in
Fulian form was to be a Biffextile, {hould
be a common year, and confift only of
365 days; but that being too much,
every fourth hundred was to remain
Biffext:le.  This form of reckoning be-
ing eftablithed by the authority of Pope
?fgﬂ’iﬁ” Gregory XIII. 1s called the Gregorian
News Siyle, lccount, or the New Style; and 1s ob-
ferved in all the countries where the
authority of the Pope 1s acknowledged,
and likewife by feveral nations of the
reformed religion. There being now
above an hundred years paft, fince the
reformation ‘'was made 1n the kalendar,
the Gregorian account has accordingly
got before the TFulian one day more
than it was in the time of its inftitu-
tion, the difference between thefe two
accounts being now eleven days; fo that
the firft day'of any month, according
to
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to that way of reckoning, is the 12th

of the fame month, according to the
New Style.

I fhall conclude this fection with a
brief account of the Atmoiphere.

The Atmofphere 1s that thin body of Aeme-
air which furrounds the Earth, in which#”"*"
the clouds hover, and by which in their
defcent they are broke into drops of
rain; which fometimes, according to
the warmth or coldnefs of air; are
froze into Snow, or Hazlflones. Thunder
and Lightning are alfo made in the 47-
mofphere, and wind is nothing elfe but
a percuffion of the air, occafioned by
its different denfity in different places.
The benefits we receive from the atmo-
{phere are innumerable; without air no
earthly creature could hve, as is plainly
proved by experiments made by the
Air-Pump; and the wholfomenefs of
a climate chiefly depends upon that of
its air: If there was no atmofphere to
refleCt the rays of the Sun, no part of
the heavens would be lucid and bright;
but that wherein the Sun was placed;
and if a fpectator fhould turn his back
towards the Sun, he would immediately

perceive it to be quite dark, and the
G leaf?
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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 brisk as at noon, but in a
moment, as foon as he got below the
horizon, the whole hemifphere of the
Earth would be involved 1n as great a
darknefs as if it were midnight.

But by means of the atmofphere it
happens, that while the Sun 1s above
the horizon, the whole face of the hea-
vens is {trongly illuminated by its rays,
fo as to obfcure the faint light of the
Stars, and render them invifible; and
after Sun-fetting, though we receive no

- direct light from him, yet we enjoy its

refle€ted light for fome time: For the
atmofphere being higher than we] are,
1s a longer time before it 1s 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, after he 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-

comes
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comes dark. After the fame mannerin
the morning, when the Sun comes with-
in 18 degrees of our horizon, he again
begins to enlighten the atmofphere, and
fo more and more by degrees, until he
rifes and makes full day.

This {fmall illumination of the atmo-~
{phere, and the ftate of the Heavens be-
tween day and night, is called the 7w:-

The duration of twilight 1s different
in different climates, and in the fame
place at different times of the year.
The beginning or ending of twilight
being accurately given, we may from
thence eafily find the height of the at-
mofphere, which is not always the {fame.
The mean height of the atmofphere is
c:omputed to be about 40 miles; but it

15 probable, the air may extend itfelf a
great deal further, there being properly
no other limits to it, as we can conceive,
but as it continually decreafes in denfity
the farther remote it is from the Earth,
in a certain ratio; which at laft, as to
our conception, muft in a manner ter-
minate,

&2 SECT,

"Fw:.n’:g:ﬁ:;
r Crepuf®
:’fgﬁf or the Cf‘n‘-’ﬂf{fﬂ'ﬂ!ﬂm n:fz.-m



Latitude,

The Defeription and Uje

K*H*%*iﬁ*%*%*ﬁ*%*%*g
T B EEE S ESEE S
K st 2K 1 8 e e e K e K M

S B iy odds
Geographical Definitions.

Of the Situations of Places upon the
Earth; of the different Situations of its
Inbabitants; of Zones and Climates.

HE fituations of places upon the
Earth, are determined by their
Latitude and Longitude.

1. The Latitude of any place (upon
the Earth) 1s its neareft diftance, either
North or South from the Equator; and
§ Northern? , | A

if the place be in the 2 Southern

iphere, it is accordingly called gi?;f
Latitude; and 1s meafured by an arch
of the meridian intercepted betwixt the
zenith of the faid place, and the equator.
And all places that lie on the fame fide,
and at the fame diftance from the equa-
tor,
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tor, are faid to be in the fame parallel
of latitude: the parallels in Geography,
being the fame with the parallels of de-
(:hnatmn i _Aftronomy.

From this definition arlfc the follow-
;ng Corollaries.

1.) That no place can bave above 9o
degrees of latitude, erther North or South.

(2.) Thofe places that lie under the
equinotial (or thro which the equator
pafles) bave no latitude, it being from
thence that the calculation of latitudes is
counted; and thofe places that lie under
the Poles have the greateft latitude, thofe

points being at the greateft diffance from
the equator.

(3.) The latitude of any place is al-
ways equal to the elevation of the Pole in
the fame place above the borizon; and is
therefore often expreffed by the Pole's

beight, or elevation of the Pole; the rea-
fon of which is, becaufe from the equator

to the Pole there is always the diffance of

9o degrees, and from the zenith to the bo-

rizon the fame number of degrees, each of

thefe including the difiance from the ze-
nith to the Pole: That diftance therefore
G 2 betny
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being taken away from both, will leave
the diftance from the zenith to the equa-
tor, (which is the latitude) equal to the
diftance of the Pole to the borizon.

(4.) The elevation of the equator in any
place is always equal to the complement of
the latitude of the fame place.

(5.) A foip fasled directly gfﬂw"" ds E

rom
the equator .fﬁ Eﬂﬁ ”} ber latitude,
(or ﬁ}: Exﬂﬂg the Pole) juft [o much

as 1s her diffance fatled.

Difirence 2. Difference of latitude 1s the neareft

e diftance betwixt any two parallels of

7 latitude, thewing how far the one is to
the Northward or Southward of the o-
ther, which can never exceed 180 degrees.
And when the two places are in the
{fame hemifphere (or on the fame fide
of the equator) the lefler latitude fub-
tratted from the greater, and when
they are on different fides of the equa-
tor, the two latitudes added, gives the
difference of latitude.

The
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3. The Longitude of any place (upon Longitude.
the Earth) 1s an arch of the equator,
contained betwixt the meridian of the
given place, and fome fixed or known
meridian; or, 1t is equal to the angle
formed by the two meridians, which
properly can never exceed 180 degrees,
tho’ fometimes the Longitude is counted
Eafterly quite round the globe.

Since the meridians are all moveable,
and not one that can be fixed in the
heavens, (as the equinochial circle is
fixed, from whence the latitudes of all
places are determined to be fo much
either North or South) the longitudes
of places cannot fo well be fixed from
any other meridian, but every Geogra-
pher is at his liberty to make which he
pleafes his firft meridian, from whence
to calculate the longitudes of other
places. Hence it is that geographers
of different nations reckon their lon-
gitudes from different meridians, com-
monly choofing the meridian pafling
through the metropolis of their own
country for their firlt: Thus, the Ez-
glifb geographers generally make the
meridian of London to be their firft, the
French that of Paris, and the Dutch
that of Amflerdam, &¢c. and mariners

G 4 gene-
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generally reckon the longitude from
the laft known land they faw. This ar-
bitrary way of reckoning the longitude
from different places, makes it neceffary,
whenever we exprefs the longitude of
any place, that the place from whence it
1s counted be alfo exprefled.

From the preceding definitions arife
the following corollaries :

Y. If a body fhould fleer directly North,
or dircltly South, quite round the globe,
be'll continually change bis latitude; and
pafs through the two Poles of the world,
without deviating the leaff from the me~
ridian of the place be departea from; and
confequently on bis return will not differ
in bis account of time from the people re-
Jding in the faid place.

2. If a body fhould fieer round the globe,
either due Eaft, or due Wefl, he'll continu-
ally change bis longitude, but will go quite
round without altering bis latitude; and
if bis courfé jhould be due Eaft, he'll gain
a day compleatly in bis reckoning, or reckon
one day more than the inbabitants of the
place from whence be departed; or if bis
courfe bad been Weft, he would bave loft
one day, or reckon one Jefs.

- ' The
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The reafon of which 1s evident; for
admitting our traveller fteers due Eaft
fo many miles in one day as to make
his difference “of longitude equivalent
to a quarter of an hour ot time, it is
evident that the next day the Sun will
rife to him a quarter of an hour {oon-
er than to the inhabitants of the place
from whence he departed; and fo daily,
in proportion to the rate he travels,
which 1n going quite round, will make
up one natural day. In like manner,
if he fteers due Wefk after the fame rate,
he'll lengthen each day a quarter of an
hour, and confequently the Sun will
rife to him fo much later every day; by
which means, in going quite round,
he’ll lofe one day compleat in his reck-
oning. From whence it follows,

3. If two bodies fhould [et out from the
fame place, one fleering Eaft, and the other
Weft, and [o continue their courfes quite
round, until they arrive at the place from
awhence they fef out, they'll differ two days
in their reckoning at the time of their
return.

4. If a body fhould feer upon an oblique
courfe (or any where betwixt the meri-
dian and the Eaft or Weft points) he'll

Con~
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continually change both latitude and longi-
tude, and that more or lefs, according to the
courfe he fieers; and if he fhould go quite
round the globe, be'll differ in bis account
of time, as by the fecond Corol.

s.  The people refiding in the Eafern-
moft of any two places, wi [l reckon their
time fo much the fooner than thofe who live
in the other place, according to the dif-
ference of longitude betwixt the two places,
allowing one bour for every 15 degrees,
&c. and the contrary.

I1. Of Zones and Climates, &c.

Zones are large tralts of the fur-

rid, Tmﬂ faceﬁﬂf the Earth, diftinguithed by the

rate,
F rrgm’

tropics and polar circles, being five in
number; viz. one Tarﬂd two Tempe-
rate, and two Frigid.

The Torrid, or Burning Zone, is all
the fpace comprehended between the
two tropics; the ancients imagined this
tract of the Earth to be unmhabﬂable,
becaufe of the exceflive heat, it being fo
near the Sun. All the mhabltants of
the torrid zone have the Sun ‘in their
zenith, or exactly over their heads twice
in every year; excepting thofe who live

€X-
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exaltly under the two tropics, where
the Sun comes to their zenith only once
in a year.

The two Temperate Zones lie on ei-
ther fide of the globe, between the tro-
pics and the polar circles.

The two Frigid Zones are thofe fpa-
ces upon the globe that are included be-
tween the two polar circles.

The inhabitants of the Earth are alfo
diftinguifthed by the diverfity of their
Shadows 'Thofe who live in the torrid
zone, are called Amphifcians, becaufe ﬁ”‘a”f"
their noon-fhadow is caft ditferent ways,”
according as the Sun is to the north-
ward or fouthward of their zenith; but
when the Sun is in their zenith, they

are called Afcians. Afeians.

The inhabitants of the temperate
zones, are called Heterofcians, becaufe Hetero-
their noon-fhadow 1s always caft the/™
{fame way: But thofe who live under the
tropics are called Afcians Heterofcians; Yeante-
thofe who live in the frigid zones are cal- =P
led Pertfcians, becaufe {fometimes their Pexifies:.
{hadow 1s caft round about them.

Thefe
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Thefe hard names are only Greek
words, importing how the Sun cafts
the thadow of the feveral inhabitants
of the Earth; which would be a too
trifling diftin¢tion to be made here,
was it not for the fake of complying
with cuftom.

The inhabitants of the Earth are alfo
diftinguifhed into three forts, in refpet
to their relative fituation to one another,
and thefe are called the Periezci, Anteci,
and Antipodes.

5. The Periezeci are thofe who live
under oppofite points of the fame paral-
lel of latitude. They have their fea-
fons of the year at the fame time, and
their days and nights always of the fame
length with one another, but the one’s
Noon 1s the other’s Midnight; and when
the Sun is in the equinoétial, he rifes
with the one, when he fets with the
other. Thofe who live under the Poles
have no Periaci.

6. The Antwci live under the fame
meridian, and in the fame latitude, but
on different fides of the equator; their
feafons of the year are contrary, and
the days of the one are equal to the

nights
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nights of the other, but the hour of the
day and night is the fame with both;
and when the Sun is in the equinoéial,
he rifes and fets to both exaltly at the
fame time. Thofe who live under the
equator have no Anteci.

93

7. The Antipodes are thofe who live dwipode;.

diametrically oppofite to one another,
{tanding, as it were, exaltly feet to
feet: Their days and nights, fummer
and winter, are at diret contrary
times.

The furface of the Earth is by fome
diftinguithed into Climates.

8. A Climate 1s a tra@ of the fur-Glimars.

face of the Earth, included between two
fuch parallels of latitude, that the length
of the longeft day in the one exceeds
that in the other by half an hour.

The whole furface of the Earth is
confidered, as being divided into 6o cli-
mates, v7z. from the equator to each of
the polar circles 24, arifing from the
difference of £ hour in the length of
their longeft days; and from the polar
circles to the Poles themielves, are fix,
arifing from the difference of an entire

month,
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month, the Sun being feen in the firft
of thefe a whole month without fetting;
in the fecond two; and in the third,
three months, &¢.  Thefe climates
continually decreafe in breadth, the far-
ther they are from the equator. How
they are framed, viz. the parallel of la-
titude in which they end (that bein
likewife the beginning of the next) wit
the refpective breadth of each of them,
is fhewed in the following table;

A TA-
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A TABLE of zhe CL1MATES,

{CL1MATES between the Equator and the Polar

Circles.

JLaHgg? Latiiude.|Breadeh|| Gii- Longefl Luf:mn's rﬂrm.ﬂ"fb
mates\ Day. |D. M.|D. M.\\mates.| Day. . M.
1 iz 2| 8258 251123 {18£]59581):29
2 | 13 16 a5 | 8 oo || 14 | 19 61 18 {1 2o
gl132|2350|725||15 19362251 7
4 | 14 g0 25| 6 go|] 16 | 20 63 22 | o 57
51142]362816 8|17 {202)64 6044
6 1x 41 22 | 4 54 |] 18 | 21 64 49 | © 43

71153145294 7]} 19 |21 §]|652t]032}
8 | 16 49 1] 3 32 [] 20 ] 2= 65 47 | 0 26
9|16 £1g1 5812 5;.!7 21 1221166 6 Jo 19
10 | 17 54 27 | 2 20 || 22 {23 66 20 | 0 14
11 172563721023 |232]6628 )0 8
12 | 18 ,58 29 '1 52 {1 24 | 24 66 31 o 3

CLIMATES between the Polar Circles and the

e p—— o, R Py g,y

Poles.
Lengrh of Days. Latitude. | Length of Days. | Latitude.
Months. 3 Moentbs. D. M.
1 67 21 4 78 30
2 { 69 48 5 84 5
3 73 37 | 6 00 00 |

. Of
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III. Of the Poetical rifing and [etting of
the Stars.

The ancient Poets make frequent

Acronical, mention of the Stars rifing and fetting,

and Helia-
cal rifing

either Cofmica'ly, Acronically, or Helia-

and/erting.cally; whence thefe diftinctions are cal-

led Poetical,

A Star is {aid to rife or fer Cofinically,
when it rifes or fets at Sun-rifing; and
when it 77fes or fets at Sun-fetting, it is
{aid to rife or fet Acronically. A Star rifes
Helacally, when firft it becomes vifible,
after it had been fo near the Sun as to be
hid by the fplendor of his rays: And a
Star 1s faid to fer Heliacally, when it is firft
ummerfed, or hid by the Sun s rays.

The FixedStars, and the three fuperior
Planets, Mars, fupiter, and Saturn, rife
Heliacally in the morning; but the Moon
rifes Heliacally 1n the evening, becaufe
the Sun 15 {wifter than the {uperior Pla-
nets, and flower than the Moon

IV. Of the furface of the Earth. confidered
as 1t 1s compofed of Land and Water.

The Earth confifts naturally of two
parts, Land and Water, and therefore
if
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it 1s called the Terraqueous Globe. Each
of thefe elements 1s fubdivided into
various forms and parts, which ac-
cordingly are diftinguifhed by different
names.

1. Of the Land.

The land is diftinguifthed into Con-
tinents, Iflands. Peninfula’s, Ifthumus’s,
Promontories, Mountains, or Coafts.

9. A Continenf 1s a large quantity Continent,
of land, in which many great countries
are joined together, without being fe-
parated from each other by the fea:
fuch are Europe, Afia, Africa, and the
vaft continent of America; which four
are the principal divifions of the Earth.

A continent 1s {fometimes called the
Main Land. MainLand

- 10. ‘An Ifland is a country, of por-Ifaud.
tion of land, environed round with
water: fuch are Greaz-Britain and
Ireland; Sardinia, Sicily, &c. in the Me-
diterranean Sea; the Ifles of Wight, An-
glefey, &c. near England. Allo a {mall
pait of dry land, in the midft of a ri-
ver, is called an ifland, when compa-
red to a lefler, 1s called the continent;

|51 s
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as if we compare the Iffe of Wight to
England, the latter may be properly cal-
led the continent.

11. A Pemnfula 1s a part of land
almoft environed with water, fave one
narrow neck adjoining 1t to the conti-
nent; or which i1s almoft an ifland: fuch
is Denmark jomning to Germany; alfo
Africa is properly a large peninfula join-
Ing to Afia.

12. An Iffhmus 1s a narrow neck of
land joining a peninfula to the conti-
nent; as the Ifbmus of Swues, which joins
Africa to Afia, that of Panama, joining
North and South America, &c.

13. A Promontory is a high part of
land ftretching out into the {ea, and is
often called a Cape or Headland: fuch
1s the Cape of Good Hope in the South
of Africa; Cape Finiftre on the Weft
of Spain; allo the Lizard Point, and
the Land's End, are two Capes or Head-
lands on the Weft of Egland. A Moun-
fain is a high part of land in the midf}
of a country, cver topping the adja-
cent parts.

th

-
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14. A Coaft or Shore is that part of 4 Coap or
land which borders upon the fea, whe-S%r
ther it be in iflands or a continent: And
that part of the land which 1s far dif<
tant from the fea, is called the Inland;,,,;
Country, 'Thefe are the ufual diftinc-
tions of the land.

The Water 1s diftinguithed into
Oceans, Seas, Lakes, Gulfs, Straits, and
Rivers.

15. The Ocean, or Main Sea, 1s aTh:Ocean,
vaft {preading colletion of water, not'g - it
divided or feparated by lands runmng
between; fuch is the Atlantic or Weftern
Ocean; between Europe and America;
the Pacific Ocean, or South Sea, &c.

Note, Thofe parts of the ocean
which border upon the land, are called
by various names, a::cnrdmg to thofe
of the adjacent countries; as, the Brsz-
ifh Sea, the Irifh Sea, the French and
Spanifb Sea.

16. A Lake is a colleftion of deep4 Lat
{tanding water, inclofed all round with
land, and not having any vifible and
open communication with the fea: But
when this lake is very large, it is com-

13 monly
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A Gulfe

(reek or
Hawven.

A Strait.

The Defecription and Ufe

monly called a fea; as the Cafpian Sea
m Afa, &c.

17. A Gulf is a part of the fea al-
moft encompaffed with land, or that
which runs up a great way into the
land; as, the Gulf of Venice, &c. But if
it be very large, ‘tis rather called an In-
land Sea; as the Baltic Sea, the Mediter-
ranean Sea, the Red Sea, or the Arabian
Gulf, &c. And a{mall part of fea thus
environed with land 1s ufually called
a Bay. If it be but a very {mall Part, or,
as it were, a fmall arm of the fea, that
runs but a few miles between the land,
1t 1s called a Creck or Haven.

18. A Strait is a narrow paffage ly-
ing between two fhores, whereby two
feas are joined together; as, the Strasts
of Dover, between the Britifh Channes
and the German Sea; the Straits of Gib-
?“::Eff‘f?‘, between the Atlantic and the Me-

aiterrancan Sea. 'The Mediterranean 1t-
{elf 1s alfo fometimes called the Straits.

Thefe are all the neceffary terms
commonly ufed in Geggraphy. The
names of the feveral countries and feas,
and all the principal divifions of the
Earth, the reader will find exprefled

upon
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Sect. 2. Of the GLoBES:

upon the Terreftrial Globes. To give
a tolerable account of the produce of
each country, the genius of the people,
thewr political inftitutions, &e. 1s pro-
pecly a particular fubject of itfelf, and
quite foreign to our defign. We fhall
next pmceed to the ufe of the Globes;
but firft it may not be amifs to take a
fhort review of their appurtenances.

- Thofe circles of the fphere that are
Jfixed, are (as has been already faid)
drawn upon the Globes themfelves; thofe
that are moveable, are {upplied by the
Brafs Meridian, the Wooden Hirizon,
and the Quadrant of Altitude.

10}

1. 'That fide of the Brazen Meridian, Brafi Me-

which is divided into degrees, reprefents
the #rue Meridian; this fide 15 com-
monly turned towards the Eaft, and ’tis
ufual to place the globe fo before you,
that the North be to the right-hand,
and the South to the left. The me-
ridian 1s divided into 4 quadrants, each
being go ‘degrecs, two of which are
numbered from that part of the equi-
noctial, which 1s above the honizon, to-
wards each of the Poles; the other two
quadrants are numbered from the Poles
towards the equator. The reafon why

H 2 two
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two quadrants of the meridian are num-
bered from the equator, and the other
two from the Poles, 1s becaufe the for-
mer of thefe two ferve to thew the dif-
tance of any point on the globe from the
equator, and the other to elevate the
globe to the latitude of the place.

2.  The upper fide of the wooden
frame called the Wooden Horizon; re-
prefents the true horizon; the circles
drawn upon this plane have been alrea-
dy defcribed; we may obferve, that the
firft point of « is the Eaft, and the op-
pofite being the firft point of = is the
Weft, the meridian pafling through the
North and South points.

W ooden
Horizon,

Quadrant 3, 'The Quadrant of Altitude 1s a

o dlitude: fexible plate of thin brafs, having a nut
and {crew at one end, to be faftened to
the meridian of either globe, as occafion
requires. The edge of this quadrant
which has the graduations upon it, cal-
led the fiducial edge, 1s that which is al-
ways meant whenever we make mention
of the quadrant of altitude.

Hoar Cir- 4+ 'The Horary or Hour Circle, 1s di-
ekt vided 1nto twice twelve hours, the two
X1I's comciding with the meridian; the

upper-
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uppermoft XII is that at Nooz, and the
lowermoft towards the horizon is XII
at Night. The hours on the Egf fide
of the meridian are the Morning Hours,
and thofe on the #eft fide the Hours af-
ter Noon. The axis of the globe car-
vles round the Hand or Index which
points the hour, and pafles through the
center of the hour circle.

The things above defcribed are com-
mon to both globes; but there are fome
others which are-peculiar or proper to
one fort of globe. The two Colures, and
the Circles of Latitude from the eclip-
tic, belong only to the Celeffial Globes;
alfo the ecliptic itfelf does properly be-
- long only to this globe, tho' it1s always
drawn on the Terreftrial, for the {ake of
thole that might not have the other globe
by them. The equinoétial on the celeftial
globe is always numbered into 360 de-
grees, beginning at the equinottial point
o ; but on the terreftrial, it is arbitrary,
where thefe numbers commence, accord-
ing to the meridian of what place you
intend for your firft; and the degrees
may be counted either quiteroundto 360,
or both ways, ’till they meet in the op-
pofite part of the meridian, at 180,

Hy SECHE
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The USE of the GLOBES,

ProeLeM 1. To find the Latitude and
Longitude of any given Place upon the
Globey and on the contrary, the Lati-
tude and Longifude being given, to find
the Place.

1, URN the globe round its axis,

'till the given place lies exactly
under the (Eaftern fide of the brafs)
meridian, then that degree upon the
meridian, which is direétly over it, is the
Lm‘rrude, which 1s accmdmgly North or
South, as it lies in the Northern or
Southern hemifphere, the globe remain-
ing in the fame pofition,

That degree upon the equator which
is cut by the brazen meridian, is the
Longitude required from the firft meri- |
dian upon the globe. If the longitude
is counted both ways from the firt me- |

ridian,

d
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oett. 3. the GLOBES,

ridian upon the globe, then we are to
confider, whether the given place lies
Eafterly or Wefterly from the firft me-
ridian, and the longitude muft be ex-
prefled accordingly.

The Latitudes of the following pla-
ces: and upon a globe where the longi-
tude is reckoned both ways from the me-
ridian of Londen, their longitudes will
be found.as follow:

Latitude. Longitude.

Deg. Deg.
Rome - - - 41 2 North. 13  Eaft.
Paris - - - 48 3 N. 2 5ie,
Mexico--- 20 N. 102 W,
Cape Horn - §8 = S. 8o W.

2. The Latitude and Longitude being gi-
ven to_find the Place.

Seek for the given longitude in the
equator, and bring that point to the
meridian; then count from the equa-
tor on the meridian the degree of lati-
tude given, towards the arctic and an-
tarctic Pole, according as the latitude is
Northerly or Southerly, and under that
degree of latitude lies the Place required.

Pros.

105§



106

The Ufe of

Pros. II. To find the Difference of Lati-
tude betwixt any two given Places.

Bring ecach of the places propofed
fucceffively to the meridian, and obferve
where they interfect it, then the number
of degrees upon-the meridian, contained
between the two interfeCtions, will be the
Difference of Latitude required. O, if
the places propofed are on the fame fide
of the equator, having firft found their
latitudes, fubtra& the lefler from the
greater; but if they are on contrary fides
of the equator, add them both together,
and the difference 1n the firft cafe, and
the fum in the latter, will be the dif-
ference of latitude required.

Thus the difference of latitude be-
twixt London and Rome will be found to
be 9 + degrees; betwixt Paris and Cape
Bona Efperance 33 degrees.

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

Bring each of the given places fuc-
ceflively 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 thgn

120
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180 degrees, otherwife the remainder
to 360 degrees, will be the difference of
longitude required. Or,

Having brought one of the given pla-
ces to the meridian, bring the index of
the hour circle to 12 o’clock; then hav-
ing brought the other place to the me-
ridian, the number of hours contained
between the place the index was firft
{et at, and the place where it now points,
is the difference of longitude in time be-
twixt the two places.

Thus the difference of longitude be-
twixt Rome and Conflantinople will be
found to be 19 degrees, or 1 hour and
a quarter; betwixt Mexico and Pekin in
China, 240 degrees, or ¢ - hours.

Pros. 1V. Any Place being given to find
all thofe Places that are in the fame
Latitude with the fame Place.

The latitude of any given place be-
ing marked upon the meridian, turn
the globe round i1ts axis, and all thofe
places that pafs under the fame mark
are in the fame latitude with the given
place, and have their days and nights of
equal lengths. And when any place

i3
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is brought to the meridian, all the in-

habitants that liec under the upper femi-
circle of it, have their Noon or mid-
day at the fame point of abfolute time
exactly.

Proe. V. The day of the Month being

given; to find the Sun’s Place in the .

Ecliptic, and bis Declination,

1. To find the Sun’s Place: Look for
the day of the month given in the ka-
lendar of monrhs upon the horizon, and
right againit it you'll find that fign and
degree of the ecliptic which the bun 18
in. The Sun’s place being thus found,
look for the fame in the ecliptic line
which 1s drawn upon the globe, and
bring that point to the meridian, then
that degree of the merldlan, which 1is
dl[‘&&ly over the Sun’s place, 1s the De-
clination required; which is accordingly
either North or South, as the Sun 1s in
the Northern or Southern figns. Thus,

Sun’s Place. Declination.

Deg. Min. Deg. Min.,

April 23 LS WOSTe o (PR B 1
Fuly 31 ik 7 G B d T8y - SO
Oflober 26 'm. 2 49 . 312 288,
January 20 = 0 49 @ 20 078S.
‘ Pros.
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Proe. VI.  To rectify the Globe for the
Latitude, Zenith, and the Sun's Place.

1. For the Latitude: 1t the place be
in the Northern hemifphere, raife the
ar&ic Pole above the horizon; but for
the South latitude you muft raife the
antarctic; them move the meridian up
and down in the notches, until the de-
grees of the latitude counted upon the
meridian below the Pole, cuts the hori-
rizon, and the globe 1s adjufted to the
latitude. “

2. To reétify the Globe for the Zenith:
Having elevated the globe according to
- the latitude, count the degrees thereof
upon the meridian from the equator,
towards the elevated Pole, and that
point will be the zenith or the vertex
- of the place; to this point of the meri-
dian faften the quadrant of altitude, fo
that the graduated edge thereof may be
joined to the faid point.

3. Bring the Sun’s place in the eclip-
tic to the meridian, and then fet the
hour index to XII at Noon, and the
globe will be rectified #o the Sun’s Place.
If you have a little mariner’s compafs,
the meridian of the globe may be ealfily
{et to the meridian of the place,

109



110

The Uk of

Pros. VII. To find the Diftance between
any two given places upon the Globe,
and to find all thefe places upon the

globe that are at the fame diflance from
a given place

Lay the quadrant of altitude over
both the places, and the number of de-
grees intercepted between them being re-
duced into miles, will be the diftance
required: Or, you may take the diftance
betwixt the two places with a pair of
compafles, and applying that extent to
the equator, you'll have the degrees of
diftance as before.

Note, A geographical mile is the '.th
part of a degree; whereof if you mul-
tiply the number of degrees by 60, the
product will be the number of geogra-
phical miles of diftance fought; but to
reduce the fame into Englifb miles, you
muft multiply by 70, becaufe about 70
Englifb miles make a degree of a great
circle upon the fuperficies of the Earth.

Thus, the diftance betwixt London

and Rome will be found to be about 13
degrees, which is 780 geographical
miles,

If
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Seet. 3. the GLoBES.

If you retify the globe for the lati-
tude and zenith of any given place, and
bring the faid place to the meridian;
then turning the quadrant of altitude
about, all thofe places that are cut by
the fame point of it, are at the fame
diftance from the given place.

Pros. VIII. To find the angle of pofition
of Places, or the angle formed by tbe
meridian qf one Place, and a great cir-

cle paffing through both the Places.

Having re(tified the globe for the
latitude and zenith of one of the given
places, bring the faid place to the me-
ridian, then turn the quadrant of alti-
tude about, until the fiducial edge
thereof cuts the other place, and the
number of degrees upon th horizon,
contained between the faid edge and the
meridian, will be the angle of pofition
fought.

Thus, the angle of pofition at the Lz~
zard, between the meridian of the L:-
zard and the great circle, pafling from
thence to Barbadoesis bg degrees South-
Wefterly; but the angle of pofition be-
tween the fame places at Barbadoes, 13
but 38 degrees North-Eafterly.

SCHO-
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The angle of pofition between two
places is a different thing from what is
meant by the beanngs of places; the
Bearings of two places is determined by
a fort of fpiral line, called a Rbumb
Line, pafling between them in fuch a
manner, as to make the fame or equal
angles with all the meridians through
which it pafleth; but the angle or po-
Sition 1s the very fame thing with what
we call the azimuth in aftronomy,
both being formed by the meridian and
a great circle 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 {thewed the error
of that geographical paradox, wiz. If
a .place A bears from another B due
Weft, B fhall not bear from A due Eaft.
I find this paradox vindicated by an
author, who at the fame time gives a
true defmition of a rhumb lme But
his arguments are ungeometrical; for

if 1t 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
the

otk




Sect. 3. the GLoBEs.
the parallels of latitude: For any pa-
rallel of latitude is the continuation of
the furface of a Cone, whofe fides are the
radii of the fphere, and circumference
of its bafe the {aid parallel; and it is evi-
dent, that all the meridians cut the
faid furface at right (and therefore at
equal) angles; whence®it follows, that
the: rhumbs of Eaft and Weft are the
paralle]s of latitude, though the cafe
may feem different, when we draw
inclining lines (l1i{e: meridians) upon
paper, without carrying our ideas any
farther.

Pros. IX. o find the Anteeci, Periceci,
and Antipodes 75 any given place.

Bring the given place to the meridian,
and having found its latitude, count the
fame number of degrees on the meri-

ridian from the equator towards the con~

trary Pole, and that will give the place
of the Antwci. The glnbf: being ftill
in the fame pofition, fet the hour index
to XII at noon, then turn the globe a-
bout ’till the index points to thﬁ: lower
XII; the place which then lies under the
meridian, having the fame latitude
with the given place, is the Perizci re-
quired. As the globe now f{tands, the

T Ans
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Antipodes of the given place are under
the {ame point of the meridian, that its
Antaci ftood before: Or, if you reckon
180 degrees upon the mendian from
the given place, that point will be the
Antipodes. Let the given place be Lon-
don, in the latitude of 51 L degrees
North, that place which lies under the
fame meridian and the latitude g1 X
degrees South, is the Anf@ci ; that which
lies in the fame parallel with London, and
180 degrees of longitude from it, is the

e ]
-":

¥

Perizct, and the Antipodes is the place - |

whofe longitude from London is 180
degrees, and latityde gr : degrees

- South.

Pros. X. The Hour of the Day af one
place being given; to find the correfpon-
dent Hour (or what o'Clock it is at that
time) in any other place. |

The difference of time betwixt two
places is the fame with their difference
of longitude; wherefore having found

their difference of longitude, reduced

into time (by allowing one hour for
every 15 degrees, &¢.) and if the place
where the hour is required lies

hour
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PRrITe add e
hour is given, g i &} the differ-

ence of longitude reduced into time

to ok .
from ¢ the hour given; and the fum

or remainder will accordingly be the
hour required. Or,

~ Having brought the place at which
~ the hour is given to the meridian, fet
the hour index to the given hour; then
turn the globe about until the place
where the hour is required comes to the
meridian, and the index will point out
the hour at the faid place.

Thus when it is Nvon at London, it is

,‘ H. .M.
Rome = - = = = = = ¢ 52 F. M,
ﬂt{gmgﬂammap!e & Yes 2407 P M
era-Cruz - + - = 5§ 30 A, M.
Pekin in China = - 7 5o P. M.

Paos. X1. The Day of the Month being

iven, to find thofe places on the globe
fﬂbﬁf‘f the Sun will be Vertical, or in
the Zenith, that day.

Having found the Sun’s place in the
ecliptic, bring the fame to the meridian,
and note the degree over it; then turn-

¥o ng
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ing the globe round, all places that pafs

under that degree will have the Sun ver-
tical that day.

Pros. XII A place being given in the
Torrid Zone, to find thofe two Days
in which the Sun fhall be Vertical to the

Jfame.

Bring the gwen place to the mer 1d1an,
and mark what degree of latitude is
exaltly over it; then turning the globe
about its axis, thofe two points of the
ecliptic, hath pafs exactly under the
faid mark, are the Sun’s place; againft
which, upon the wooden horizon, you'll
have the days required,

Pros. XIII. To find where the Sun is
Vertical at any given time affigned; or
the Day of the Month and the Hour at
any Place (fuppofe London) being gi-
ven, to find in what p!ﬂff the sz 15
Vertical at that very time.

Having found the Sun’s declination,
and brought the firft-place (Londin) to
the meridian, fet the index to the given
hour, then turn the globe about until
the index points to XII at noon; which
being done, that place upon “the globe

¥ which
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which ftands under the point of the Sun’s
declination upon the meridian, has the
Sun that moment in the Zenith.

Pros. XIV. The Day, and the Hour of
the Day at one place, being given; fo
find all thofe places upon the Earth,
where the Sun is then Rifing, Setting,
Culminating (or on the meridian) alfo
where 1t 15 Day-light, Twilight, Dark
Night, Midnight; wbhere the Twilight
then begins, and where it ends; the
beight of the Sun in any part of the il-
luminated bemifphere; alfo his depref
Jion in the obfcure bemifpbere.

Having found the place where the Sun
1s vertical at the given hour, rectify the
globe for that latitude, and bring the
faid place to the meridian.

Then all thofe places that are in the
Weftern femicircle of the horizon, have
the Sun rifing at that time.

Thofe in the Eaftern femicircle have
it fetting.

To thofe who live under the upper fe-
micircle of the meridian, it i1s 12 o’clock
at noon. And, -

I 3 Thofe
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Thofe who live under the lower
femicircle of the meridian, have it at
midnight.

All thofe places that are above the
horizon, have the Sun above them, juft
fo much as the places themfelves are
diftant from the horizon; which height
may be known by fixing the quadrant
of altitude in the zenith, and laying it
over any particular place. ‘

In all thofe places that are 18 degrees
below the Weftern fide of the horizon,
the twilight is juft beginning in the
morning, or the day breaks. And in
all thofe places that are 18 degrees be-
low the Eaftern fide of the horizon,
the twilight is ending, and the total
darknefs beginning,.

The twilight i1s in all thofe places
whofe depreflion below the horizon does
not exceed 18 degrees. And,

All thofe places that are lower than
18 degrees, have dark night.

The deprefiion of any place below the
horizon is equal to the altitude of its
Antipodes, which may be eafily found by
the quadrant of alitude. it
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ProB. XV. The Day of the Month being

gtven; to fhow, at one View, the length

of Days and Nights in all places upon
the Earth at that time; and to explain
bow the victffitudes of Day and Night
are really made by the motion of the
Earth round her axis in 24 "bours, the

Sun flanding fiill.

The Sun always illuminates one half
of the globe, or that hemifphere which
1s next towards him, while the other
remains 1n darknefs: And if (as by the
laft problem) we elevate the globe ac-
cording to the Sun’s place 1n the ecliptic,
1t 1s evident, that the Sun (he being at
an immenfe diftance from the Earth)
illuminates all that hemifphere, which
15 above the horizon; the wooden hori-
zon 1tfelf, will be the circle terminating
light and darknefs; and all thofe pla-
ces that are below 1t, are wholly depri-
ved of the folar light.

The globe ftanding in this pofition,
thofe arches of the parallels of latitude
which ftand above the horizon, are the
Diurnal Arches, or the length of the
day in all thofe latitudes at that time
of the year; and the remaining parts of
thofe parallels, which are below the

14 hori-

119



j29

The Ufe of

horizon, are the Nofturnal Arches, ox
the length of the night in thofe places.
"The length of the diurnal arches may be
found by counting how many hours are
contained between the two meridians,
cutting any parallel of latitude, in the
Eafternand Weftern parts of the honztm

In all thofe places that are in the
Weftern femicircle of the horizon, the
Sun appears rifing: For the Sun, ftand-
ing f{till in the vertex (or above the brafs
meridian) appears Eafterly, and go de-
grees diftant from all thofe places that are
1in the Weftern femicircle of the horizon;
and therefore in thofe places he is then
rifing. Now, if we pitch upon any
particular place upon the globe, and
and bring it to the meridian, and then
bring the hour index to the lower 12,
which in this cafe, we'll fuppofe to be 12
at noon; (becaufe otherwife the numbers
upon the hour circle will not anfwer our
purpofe) and afterwards turn the globe
about, untiltheaforefaid place bebrought
to Th(’ Weftern fide of the honzon; the
index will then fhew the time of the
Sun rifing in that place. Then turn

globe gradually about from Weft

go Eaﬁ' and minding the hour mdex,
we fhaTI fee the pmgref& made in the
day
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day every hour, in all latitudes upon
the globe, by the real motion of the
Earth round its axis; until, by their con-
tinual approach to the brafs meridian
(over which the Sun ftands ftill all the
while) they at laft have noon day, and
the Sun appears at the higheft; and then
by degrees, as they move Eafterly the
Sun feems to decline Weftward, until,
as the places fucceffively arrive m the
Eaftern pait of the horizon, the Sun ap-
pears to fet in the Weftern: For the
places that are in the horizon, are go
degrees diftant from the Sun. We may
obferve, that all places upon the Earth,
that differ 1n Iatitude, have their days of
different length (except when the Sun
is in the equinottial) being longer or
{horter, in proportion to what part of
the parallels ftands above the horizon.
Thofe that are in the fame latitude, have
their days of the {fame length; but have
them commence fooner or later, accord-
ing as the places differ in longitude.

ProB. XVI. To explain in general the
alteration of Seafons, or length of the
Days and Nights made in all places of
the World, by the Swit's (or the Earth's)
annual motion in the Ecliptic.

It
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it has been fhewed in the laft pro-
blem, how to place the globe in fuch a
pofition as to exhibit the length of the
diurnal and nofturnal arches in all
places of the Earth, at a particular
time: If the globe be continually recti-
fied, according as the Sun alters his
declination, which may be known by
bringing each degree of the ecliptic fuc-
ceflively to the meridian) you'll fee the
gradual increafe or decreafe made in the
days, in all places of the World, ac-
cording as a greater or lefler portion of
the parallels of latitude, ftands above
the horizon. We fhall illuftrate this
problem by examples taken at different
times of the year.

1. Let the Sun be in the firft point of

« (which happens on the 21t of Fune)
that point being brought to the meri-
dian, will thew the Sun’s declination to
be 23 % degrees North; then the globe
muft be rectified to the latitude of 23 =
degrees; and for the better illuftration
of the problem, let the firft meridian
upon the globe be brought under the
brafs meridian. The globe being in
this pofition, you'll fee at one view the
length of the days in all latitudes, by
counting the number of hours contained
N between
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between the two extreme meridians,
cutting any particular parallel you pitch
upon, in the Eaftern and Weftern part
of the horizon. And you may oblerve
that the lower part of the artic circle
juft touches the horizon, and confe-
quently all the people who live in that
latitude have the Sun above their hori-
zon for the fpace of 24 hours, without
fetting; only when he is in the lower

art of the meridian (which they would
call 12 at night) he juft touches the
horizon.

To all thofe who live between the
ar&tic circle and the Pole, the Sun does
not fet, and its height above the hori-
zon, when he 1s in the lower part of the
meridian, is equal to their diftance from
the arftic circle: For example, Thofe
who live in the 83d parallel have the
Sun when he is loweft at this time 132
degrees high.

If we caft our eye Southward, to-
wards the equator, we fhall find, that
the diurnal arches, or the length of
days in the feveral latitudes, gradually
leflen: The diurnal arch of the parallel
of London at this time i1s 16 hours;
that of the Equator (is always) 12 hours é

an
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and o continually lefs, 'till we come to
the Antarétic G:rcff, the upper part of
which juft touches the horizon; and
thofe who live in this latitude have ]uﬂ:
one fight of the Sun, peeping as it were
n the horizon: And all that fpace be-
tween the antarctic circle and the fmuth
Pole, lies in total darknefs. .

If from this pofition we gradually
move the meridian of the globe accord-
ing to. the progreflive alterations made
in the Sun’s declination, by his motion
in the ecliptic, we fhall find the diurnal
arches of all thofe parallels, that are on
the Northern fide of the equator, con-
tinually decreafe; and thofe on the
Southern fide continually increafe, in the
fame manner as the days in thofe places
fhorten and lengthen. Let us again ob-
ferve the globe when the Sun has got
within 10 degrees of the equinoctial;
now the lower part of the 8oth parallel
of North latitude juft touches the hori-
zon, and all the {pace betwixt this and
the pole, falls in the illuminated he-
mifphere: but all thofe parallels that

lic betwixt this and the ardic circle,
which before were wholly above the
horizon, do now nterfect it, and the
Sun. appears to them to rife and fet.

X From
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From hence to the equator, we fhall
find that the days'have gradually fhort-
ened; and from the equator Southward,
they have gradually lengthened, until we
come to the 8oth parallel of the South
latitude; the upper part of which juft
touches the horizon, and all places be-
twixt this dnd the South Pole are in total
darknefs; but thofe parallels betwixt this
and the antarattic circle, which be-
fore were wholly upon the horizon, ‘are
now partly above it; the length of their
days being exaétly equal to that of the
nights in the fame latitude in the con-

trary hemifphere.  This alfo holds uni-

verfally, that the length of one day in
one latitude North, is exactly equal to
the length of the night in the fame la-
titude South; and wvice verfa.

Let us again follow the motion of
the Sun, until he has got into the equi-
nocial, and take a view of the globe
while it is in this pofition. Now all
the parallels of latitude are cut into two
equal parts by the horizon, and con-
fequently the days and nights are of
equal lengths, v7z. 12 hours each, m
all places of the world; the Sun rifing
and fetting at fix o’clock, exceptingunder
the two Poles, which now lie exactly

n

12§
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in the horizon: Here the Sun feems te
ftand ftill in the fame point of the hea-
vens for fome tume, until by degrees,
by his motion in the ecliptic, he af-
cends higher to one and difappears to
the other, theie being prn{;erly no days
and nights under the Poles; for there
the motion of the Earth round its axis
cannot be obferved.

If we follow the motion of the Sun
towards the Southern tropic, we fhall
{ee the diurnal arches of the Northern
parallels continually decreafe, and the
Southern ones increafe in the fame pro-
portion, according to their refpettive
latitudes; the North Pole continually
defcending, and the South Pole afcend-
ing, above the horizon, until the Sun
arrives into wp, at which time all the
fpace within the antarctic circle is a-
bove the horizon; while the fpace be-
tween the aréic circle, and its neigh-
bouring Pole, is in total darknefs. And
we fhall now find all other circumftances
quite reverfe to what they were when
the Sun was in =; the nights now all
over the world being of the fame length
that the days were of before,

We
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We have now got to the extremity
of the Sun’s declination; and if we fol-

low him through the other half of the
ecliptic, and re&ify the globe accord-
ingly, we fhall find the feafons return in
their order, until at length we bring the
globe 1nto its firft pofition.

The two foregoing [Eroblems were
not, as I know of, publifhed in any book
on this fubject befure, and I have dwelt
the longer upon them, becaufe they very
well illuftrate how the viciffitudes of
days and nights are made all over the
world, by the motion of the Earth
round her axis; the horizon of the
globe being made the circle, feparating

11 ht and darknefs, and fo the Sun to
ﬁ:and ftill in the vertex. And if we
really could move the meridian, accord-
ing to the change of the Sun’s decli-
nation, we fhould fee at one view, the
continual change made in the length
of days and nights, in all places on the
‘Earth; but as globes are fitted up, this
cannot be done neither are they adapt-
ted for the common purpofes, in places
near the equator, or any where in the
Southern hemifphere. But this incon-
venience 1s now remedied (at a {mall
additional expence) by the hour ;;II'CIE
emg

12y
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being made to fhift to either Pole; and
fome globes are new made with an
hour circle fixed to the globe at each
Pole between the globe and meridian,
{c as to have none without fide to in-
terrupt the meridian from moving quite
round the wooden horizon,

Pros. XVIL. To fhew by the globe, at
one view, the longeft of the Days and
Nights in any particular places, at all
times of the Year. |

Becaufe the Sun, by his motion in
the ecliptic, aiters his declination a fmall
matter every day; if we fuppofe all the
torrid zone to be filled up with a fpiral
line, having 1o many turnings; or a fcrew
having fo many threads, as the Sun is
days in going from one tropic to the o=
ther: And thefe threads at the fame dif=
tance from one another in all places, as
the Sun alters his dechination in one day
in all thofe places refpectively: This {pi-
ral line or fcrew will reprefent the ap-
parent paths defcribed by the Sun round
the Earth every day; and by following the
thread from one tropic to the other, and
back again, we fhall have the path the
Sun feems to defcribe round the Earth in
a year. But becaufe the inclinations of

thele
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thefe threads to one another are but
{mall, we may fuppofe each diurnal path
to be one of the parallels of latitude,

drawn, or fuppofed to be drawn upon.

the globe. Thus much being premifed,
we (hall explain this Problem, by placing
the globe according to fome of the moft
remarkable pofitions of it, as before we,
did for the moft remarkable feafons of
the year.

In the preceding problem, the globe
being rectified according to the Sun’s de-
clination, the upper parts of the parallels
of latitude, reprefented the Diurnal
Arches, or the length of the days all over
the world, at that particular time: Here
we are to rectify the globe according to
the latitude of the place, and then the
upper parts of the parallels of declination
are the diurnal arche’s, and the length of
the days at all times of the year, may
be heredetermined by finding the number
of hours contained between the two ex-
treme meridians, which cut any paral-
lel of declination in the Eaﬁern and
Weftern points of the horizon; after the
fame manner, as before we found the
length of the day in the feveral latitudes
at a particular time of the year.

K . Let

12¢
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1. Let the place propofed be under
the equino¢tial, and let the globe be ac-
cordingly rectified for oo degrees of la-
titude, which is called a direct pofition
of the {phere. Here all the parallels of
latitude, which in this cafe we will call the
parallels 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 n this pait of the Earth, all
the Srars rife and fet, and their continu-
ance above the horizon, 1s equal to their
ftay below 1t, viz. 12 hours.

I from this pofition we gradually
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 1n-
creafe, until we come to a parallel of de-
clination, as far diftant from the equi-
noctial, as the place itfelt 1s from the Pole.
This parallel will juft touch the horizon,
and all the heavenly bodies that are be-
twixt it and the Pole never deicend be-
low the horizon. In the mean time,
while we are moving the globe, the
lengths of thediurnalarchesof the South-
ern parallels of declination, continually

di-
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diminifh in the fame proportion that
the Northern ones increafed; until we
come to that parallel of declinationwhich
1s fo far diftant from the equinoctial
Southerly, as the place itielf is 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 ho-

rizon. And all the nocturnal arches of
the Southern parallels of declination, are

exactly of the fame length with the di-

urnal arches of the correfpondent paral-
lels of North declination.

2. Let, us take a view of the globe
when it is retified for the latitude of
London, or 51! degrees North. When
the Sun is in the tropic of =, the day

“is about 16X hours; as he recedes from

this tmpic the days proportionably
fhorten, until he arrives into w, and
then the days are at the fhorteft, being
now of the fame length with the night,
when the Sun was in =, viz. 7.~ hours.
The lower part of that parallel of de-
clination, which is 38 ;. degrees from
the equinoctial Northerly, juft touches
the horizon; and the Stars that are be-
twixt this parallel and the North Pole,

never fet tous at London. In like man-
K 2 ner
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ner the upper part of the Southern pa-
rallel of 38 1 degrees juft touches the ho-
rizon, and thﬂ Stars that lie betwixt this
parallel and the Southern Pole, are never
vifible in this latitude.

Again, let us retify the globe for the
latitude of the Arétic Circle, we fhall
then find, that when the Sun 1s1n =, he
touches the horizon on that day with-
out fetting, being 24 hours compleat
above the horizon; and when he 1s in
Capricorn, he once appears in the hori-
zon, but does not rife in the {pace 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 al-
ways hid below the horizon,

If we elevate the globe flill 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 1o de-

grees
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grees North; he begins to turn above
the horizon without fetting; and all the
while he 1s making his progrefs from
this point to the tropic of =, and back
again, he never fets. After the fame
manner, when his declination is 10 de-
grees South, he is juft feen at noon in
the horizon; and all the while he is
going Southward, and back again, he
difappears, being hid juft {o long as be-
fore, at the oppofite time of the year he
appeared vifible,

Let us now bring the North Pole in-
to the Zenith, then will the equino&ial
coincide with the horizon; and confe-
quently all the Northern parallels are
above the horizon, and all the Southern
ones below 1t. Here is but one day and
one night throughout the year, it be-
ing day all the while the Sun is to the
Northward of the equinoctial, and night
for the other half year. All the Stars
that have North declination, always ap-
pear above the horizon, and at the {fame
height; and all thofe that are on the
other fide, are never feen,

What has been here faid of retify-
ing the globe to North latitude, holds
for the fame latitude South; only that

K3 before
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before the longeft days were, when the
Sun was in =, the fame happening now
when the Sun is in #¢; and fo of the reft
of the parallels, the feafons being di-
reCtly oppofite to thofe who live in dif-
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. All places of the Edrth do equally en-
7oy the benefit of the Sun, ix refpect of time,
and are equally deprived of it, the Days at

one time of the Year, being exallly equal to
the Nights at the oppofite feafon.

2. In all places of the Earth, [ave ex-
aétly under the Poles, the Days and Nights
are of equal length (viz. 12 hours each)
when the Sun is in the equinottial.

3. Thofe who live under the equinoltial,
have the days and nights of equal lengths at
all times of the year. '

4. In all Pfﬂfﬂ'_éffﬁfffﬁ.fﬁe equinotial
R S and
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and the Poles, the days and nights are ne=
ver equal, but when the Sun is in the equi-
noctial points v and =,

5. The nearer any place is to the equator,
the lefs 15 the difference between the length of
the artificial days and nights in the faid
place; and the more remote the greater.

6. To all the inbabitants lying under the
Jame parallel of latitude, the days and
nights are of equal lengths, and that at
all times of the year.

The Sun is vertical twice a year fo
all places between the tropics; to thofe un-
der the tropics, once a year; but never any
where elfe.

8. In all places between the Polar Cir-
cles, and the Poles, the Sun appears fome
number of days without f[etting; and af
the oppofite time of the year be is for the
fame length of time without rifing; and
the nearer unto, or further remote jfrom
- the Pole, thofe places are, the longer or
Sfhorter is the Sun’s continued preferce or

_ abfence from the Pole.

9. In all places lying exaltly under
the Polar Circles, the Sun, when be is in
v 4 the
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the neareft tropic, appears 24 hours with-
out ﬁrrfmg, and when be is in the contrary
tropic, be is for the fame length of time
without rifing; but at all other times of the
year, he rifes and fets there, as in other
Dover | |

Northern
Southern
bemifphere, the longeft day and fhort-
eft night, is when the Sun is in the
Northern
 Southern

10. Inall placeslyinginthe i

'g tropic; and on the contrary.

Pros. XVIII. The Latitude of any place,
not exceeding 66 3. degrees, and the day
of the Month éfmg given; to find fbf
time of Sun-rifing and fetting, and the
length of the Day and Night.

Having rectified the globe according
to the latitude, bring the Sun’s place to
the meridian, and put the hour index to
12 at noon; then bring the Sun’s place
the Eaftern part of thehoumn and the
index will (hew the time when the Sun
rifes. Again, turn the globe until the
Sun’s place be brought to the Weftern
fide of the horizon, and the index will
(hew the time of Sun-fetting.

The
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“The hour of Sun-fetting doubled,
gives the length of the day; and the

hour of Sun-rifing doubled, gwes the

length of the night.

Let it be required to findwhen the Sun
rifes and fets at London on the 2oth of
April.  Rectify the globe for the latitude

of London, and having found the Sun’s .

place correfponding to May the 1t, viz.
¥ 10 3 degrees, bring ¥ to 10 2 degrees
to the meridian, and fet the index to 12

at noon; then turn the globe about ’till -

g 10 2 degrees be brought to the Eaftern
part of the horizon, and you'll find the
index point 4} hours, this being dﬂubled
gives the length of the night g | * hours,
Again, bring the Sun’s place to the Weft-
ern part of the horizon, and the index
will point 7 . hours, which is the time of
Sun-fetting; this being doubled, gives
the length of the day 14 hours.

Proe. XIX. o find the length of the
longeft and fhorteft Day and Nz:gbz‘ n
any given place, not exceeding 66 % de-
grees of Latitude.

Note, The langeﬁ day at all places on

' North 7 ¢ 4
he s o uth sﬁde of the equator, 1s when

the
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theSun 1sin thefirftpoint of igj;:::ﬁfﬁg

Wherefore having rectified 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 rectified the globe for the
latitude, bring the {olftitial point of that
hemifphere, to the Eaft part of the ho-
rizon, and fet the index to 12 at noon;
then turning the globe about ’till the
faid folftitial 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) is the
length of the longeft day; the com-
plement whereof to 24 hours, 1s the
length of the fhorteft night, and the
reverfe gives the fhorteft day and the
longeft night.

Longeft Day. Sher. N.
Deg. Hours. Hours.
. R =
Thus n Lat.{gl L T Cs NG )
b0 % SRS el

If from the length of the longeft day,
you fubtract 12 hours, the number of

half
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half hours remaining, will be the C/-
mate: Thus that plate where the long-
eft day is 16 > hours, lies in the gth
Climate, And by the reverfe, having
the Climate, you have thereby the length
of the longeft day.

ProB. XX. To find in what Latitude the
longeft Day is, of any given length,
lefs than 24 bours.

Bring the folftitial point to the me-
ridian, and fet the index to 12 at noon;
then turn the globe Weftward, ’till the
index points at half the number of
hours given; which being done, keep
the globe from turning round its axis,
and {lide the meridian up or down in
the notches, ’till the folftitial point comes
to the horizon, then that elevation of
the Pole will be the latitude.

It the hours given be 16, the lati-
tude is 49 degrees; if 20 hours, the la-
titude 1s 63 - degrees.

FRDB_. :
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Pros. XXI. A place being given in oné
of the Frigid Zones (fuppofe the North-
ern) fto find what number of Days
(of 24 hours each) the Sun doth con-

fantly fhine upon the fame, bow long be
is abfent, and alfo the firft and laft Day
of bis appearance.

Having re&ified the globe according
to the latitude, turn 1t about until fome
point in the firft quadrant of the eclip-
tic (becaufe the latitude i1s North) in-
terfects the meridian in the North point
of the horizon; and right againit that
point of the ecliptic on the horizon,
ftands the day of the month when the
longeft day begins.

 And if the globe be turned about ’till
fome point in the fecond quadrant of
the ecliptic cuts the meridian in the
fame pont of the horizon, it will {hew
the Sun’s place when the longeft day
ends, whence the day of the month may
be found, as before: Then the number
of natural days contained between the
times the longeft day begins and ends,
is the length of the longeft day re-
quired. -

Again,
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Again, turn the globe about, until
fome point in the third quadrant of the
ecliptic cuts the meridian in the South
part of the horizon; that point of the
ecliptic will give the time when the
longeft night begins. Laftly, turn the
globe about, until fome point in the
fourth quadrant of the ecliptic cuts the
meridian in the South point of the ho-
rizon; and that point of the ecliptic
will be the place of the Sun when the
longeft night ends.

Or, the time when the longeft day
or night begins, being known, their
end may be found by counting the
number of days from that time to the
fucceeding floce, then counting the
fame number of days from the fol-
ftitial day, will give the time when it
ends.

Pros. XXII. To find in what Latitude
the longeft Day is, of any given length
lefs than 182 Natural Days.

Find a point in the ecliptic half fo
many degrees diftant from the {olftitial
point, as there are days given, and bring
that point to the meridian; then keep
the globe from turning round its 'au»u-s;1

an
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and move the meridian up or down until
the aforefaid point of the ecliptic comes
to the horizon; that elevation of the
Pole will be the latitude required.

If the days given were 78, the lati-
tude is 71 -+ degrees.

This method 1s not accurate, becaufe
the degrees in the ecliptic do not corref=
pond 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-
ments.

Prop. 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
refe next morning. But it is found by
experience, that Tofal Darknefs does
not commence in 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-

ng,

.I'_:" [~
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ing, we have the firk Dawr of Day.
This faint light which we have in the
morning and evening, before and after
the Sun’s rifing and fetting, 1s what we
call the Twilight. =

* Having rettified the globe for the*rrs. 7z
latitude, the zenith, and the Sun’s place,
turn the globe and the quadrant of
altitude until the Sun’s place cuts 18
degrees below the horizon (if the qua-
drant reaches {o far) then the index
upon the hour circle will fhew the be-
ginning or ending of twilight after the
fame manner as before we found the
time of the Sun-rifing and fetting, in
Prob. 18. But by reafon of the thick-
nefs of the wooden horizon, we can’t
conveniently fee, or compute when the
Sun’s place 1s brought to the point afore-
faid. Wherefore the globe being rec-
tified as above direCted, turn the globe,
and alfo the quadrant of altitude, Weft-
ward, until that point in the ecliptic,
which 1s oppofite’ to the Sun’s place,
cuts the quadrant in the 18th degree
above the horizon; then the hour in-
dex will fhew the time when day
breaks in the morning. And if you
turn the globe and the quadrant of al-
titude, until the point oppofite to the

' Sun’s
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Sun’s place cuts the quadrant in the
Eaftern hemifphere, the hour hand
will fhew when twilight ends in the
evening. Or, having found the time
from midnight when the morning twi-
light begins, if you reckon fo many hours
before midnight, it will give the time
when the evening twilight ends. Having
found the time when twilight begins in
the morning, find the time of Sun-ri-
fing, by Prob. 18, and the difference will
be the duration of twilight.

Thus at London on the 12th of May
twilight begins at three quarters paft
one o'clock: The Sun riles at about
half an hour paft four: Whence the
duration of twilight now 1s 2 2 hours;
both in the morning and evening. On
the 12th of November, the twilight be-
gins at half an hour paft fix, being
fomewhat above an hour before Sun-
rifing.

Pros. XXIV. To find the time when fo=
tal Darknefs ceafes, or when the Twi-
light continues from Sun-[etting to Sun~
Jetting, in any given place.

Let the place be in the Northern he-
mifphere; then if the complement of

the
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the latitude be greater than (the de-
preflion) 18 degrees, fubtract 18 de-
grees from it, and the remainder will
be the Sun’s declination North, when
total darknefs ceafes.. But if the com-
plement of the latitude 1s lefs than 18
degrees, their difference will be the
Sun’s declination South, when the twi-
light begins to continue all night. If
the latitude is South, the only differ-
ence will be, that the Sun’s declination
will be on the contrary fide.

Thus at London, when the Sun’s de-
clination North is greater than 20 de-
grees, there is no total darknefs, but
conftant twilight, which happens from
the 26th of May to the 18th of Fuly, be-
ing near two months. Under the North
Pole the twilight ceafes, when the Sun’s

declination is greater than 18 degrees

South, which 1s from the 13th of No-
vember, ’till the 29th of Fanuary: So
that notwithftanding the Sun is abfent
n this part of the world for halt a year
together, yet total darknefs does not con-
tinue above 11 weeks; and befides, the
Moon is above the horizon for a whole
fortnight of every month throughout
the year.

L Prox.

, 4
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ProB. XXV. The day of the Month be-
given; to find thofe places of the Fri-
gid Zones, where the Sun begins to
Shine continually without fetting; and
alfo thofe places where he begins to be
totally abfent.

Bring the Sun’s place to the meridian,
and mark the number of degrees con-
tained betwixt that point and the equa-
tor; then count the {fame number of
degrees from the neareft Pole (viz. the
North Pole, if the Sun’s declination is
Northerly, otherwife the South Pole) to
wards the equator, and note that point
upon the meridian; then turn the globe
about, and all the places which pafs un-
der the faid point, are thofe where the
Sun begins to fhine conftantly, without
fetting on the given day. If you lay

-the fame diftance from the oppofite Pole

towards the equator, and turn the globe
about, all the places which pafs under
that point, will be thofe where the long-
eft night begins.

The Latitude of the place being given, to
Jnd the bour of the day when the Sun

Jhines.
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If it be in the fummer, elevate the Pole

according to the latitude, and fet the

meridian due North and South; then
the fhadow of the axis will cut the
hour on the Dial-plate: For the globe
being rectified in this manner, the hm:u
circle is a true Equinoétial Dial; the
axis of the globe being the Gromon.
This holds true in Theory, but it might
not be very accurate in practice, becaufe
of the difficulty in placing the horizon
of the globe truly horizontal, and its
meridian due North and South.

If it be in the winter half year, ele-
vate the South Pole according to the
latitude North, and let the North part
of the horizon be in the South part of
the meridian; then the fhade of the
axis will {huw the hour of the day as
before: But this cannot be fo conveni-
ently performed, tho’ the reafon is the
{fame as in the former cafe.

To find the Sun's altitude, when it fhines,
by the Globe.

Having fet the frame of the globe
truly horizontal or level, turn the North
Pole towards the Sun, and move the
meridian up or down in the notches;

k2 until
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until the axis cafts no fhadow; then the
arch of the meridian, contained betwixt
the Pole and the horizon, 1s the Sun’s

altitude,

Note, 'The beft way to find the Sun’s
altitude, 1s by a little quadrant gra-
duated into degrees, and having fights
and a plummet to it: Thus, hold the
quadrant in your hand, fo as the rays
of the Sun may pafs through both the
fights, the plummet then hanging free-
ly by the fide of the inftrument, will
cut in the limb the altitude required.
Thefe quadrants are to be had at the
inftrument-makers, with lines drawn
upon them, for finding the hour of the
day, and the azimuth; with feveral

other pretty conclufions, very entertain-

ing for beginners.

The Latitude and the Day of the Month
being given, 1o find the bour of the day
when the Sun fhines.

Having placed the wooden frame up-
on a level, and the meridian due North
and South, rettify the globe for the la-
titude, and fix a needle perpendicularly
over the Sun’s place: The Sun’s place
being brought to the meridian, fet the
| hour
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hour index at 12 at noon, then turn
the globe about until the needle points
exactly to the Sun, and cafts no fhadow,
and then the index will fhew the hour
of the day.

Pros. XXVI. The Latitude, the Sun's
Place, and bis Altitude, being given;
£0 ﬁﬂd’ the bour of the Day, and the
Sun's Azimuth from the Meridian.

Having rectified the globe for the
latitude, the zenith, and the Sun’s place,
turn the globe and the quadrant of
altitude, fo that the Sun’s place may
cut the given degree of altitude: then
the index will thow the hour, and the
quadrant will cut the azimuth 1n the
horizon. Thus, if at London, on the
21t of Auguft, the Sun’s altitude, be
36 degrees 1in the forenoon, the hour
of the day will be IX, and the Sun’s
azimuth about 53 degrees from the
South part of the meridian,.

The Sun's Azimuth being given, fo place
the Meridian of the Globe due North
and South, or to find a Meridian Line
when the Sun fhines.

L3 Let
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Let the Sun’s azimuth be 30 degrees
South-Eafterly, {fet the horizon of the
globe upon a level and bring the North
Pulc into the zemth then turn the ho-
rizon about until the fhade of the axis
cuts as many hours as 1s equivalent to
the azimuth (allowing i 5 degrees to an
hour) in the North-Weft part of the
hour circle, viz. X at might, which be-
ing done, the meridian of the globe
{tands in the true meridian of the
place. The globe ftanding in this po-
fition, 1f you hang two plummets at
the North and South points of the
wooden horizon, and draw a line be-
twixt them, you will have a meridian
line; which if it be on a fixed plane (as
a floor or window) it will be a guide
for placing the globe due North and
South, at any other time.

Pros. XXVII. Thke Latitude, Hour of

" the Day, and the Sun's place being
given, to find the Sun's Altitude and
Azimuth.

Rectify the globe for the latitude, the
zenith, and the Sun’s place, then the
number of degrecs contained betwixt
the Sun’s place and the vertex, is the
Sun’s meridional zenith diftance ; the

, | okl
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complement of which to go degrees, is
the Sun’s meridian altitude. If you
turn the globe about until the index
points to any other given hour, then
bringing the quadrant of altitude to cut
the Sun’s place, you will have the Sun’s
altitude at that hour; and where the
quadrant cuts the horizon, 1s the Sun’s
azimuth at the fame time. Thus
May the 1ft at London, the Sun’s meri-
dian altitude will be 61 . degrees; and
at 10 oclock in the morning, the Sun’s
altitude will be 52 degrees, and his azi-
muth about 50 degrees from the South
part of the meridian,

Pros. XXVIIL. The Latitude of the place,
and the day of the Month being given ;
to find the depreffion of the Sun below
the Horizon, and the Azimuth at any

Hour of the Night,

Having rectified the globe for the la-
titude, the zenith, and the Sun’s place,
take a point in the ecliptic exactly op-
pofite to the Sun’s place, and find the
Sun’s altitude and azimuth, as by the
laft problem, and thefe will be the de-
preffion and thealtituderequired. Thus,
if the time given be the 1t of December,
at 10 o'clock at night, the depreffion and

L 4 aAZl-
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azimuth will be the fame as was found
in the laft problem.

Pros. XXIX. The Latitude, the Sun's
 Place, and bis Azimuth being given, to
find bis Altitude, and the Hour.

Rectify the globe for the latitude, the
zenith, and the Sun’s place, then put the
quadrant of altitude to the Sun’s azi-
muth in the horizon, and turn the globe
till the Sun’s place meet the edge of the
quadrant, then the faid edge will thew
the altitude, and the index point to the
hour. 'Thus, May the 21{t at London
when the Sun is due Eaft, his altitude

- will be about 24 degrees, and the hour

about VII in the morning; and when his
azimuth 1s 6o degrees South-Wefterly,
the altitude will be about 44 > degrees,
and the hour about 2 2 in the afternoon.

Thus, the latitude and the day being
known, and having befides either the al-
titude, the azimuth, or the hour; the
other two may be eafily found.

Pros. XXX. The Latitude, the Sun's
" dltitude, and bis Azimuth being given;

to find !Eﬂ:.r P!ﬂfﬁ in the Ecliptic and the
H&yr.,

Reﬁlf'g
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Redify the globe for the latitude and
zenith, and fet the edge of the quadrant
to the given azimuth; then turning the
globe about, that point of the ecliptic
which cuts the altitude, will be the
Sun’s place. Keep the quadrant of the
altitude in the fame pofition, and hav-
-ing brought the Sun’s place to the me-
ridian, and the hour index to 12 at
noon, turn the globe about ’till the
Sun’s place cuts the quadrant of alti-
tude, and then the index will point the
hour of the day.

Proe. XXXI. The Declination and Me-
ridian Altitude of the Sun, or of any

Star being given; to find the Latitude
of the Place.

Mark the point of declination upon
the meridian, according as it is either
North or South from the equator; then
{flide the meridian up or down in the
- notches, ’till the point of declination be
fo far diftant from the horizon, as is the
given meridian altitude; that elevation
of the Pole will be the latitude.

Thus, if the Sun’s, or any Star’s me-
ridian altitude be 50 degrees, and its
| de-

153
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declination 112 degrees North, the lati-
tude will be 51 degrees North.

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

* Prob. % Find where the Sun is vertical at

XL the given hour, and bring that point to
the zenith; then the Eclipfe will be vi-
fible 1n all thole 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-
fible 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 1s
central, if you bring the place where the
Sun 15 vertical at that time, into the
zenith, fome part of the eclipfe will be

vifi-
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vifible in moft places within the upper
hemifphere; but by reafon of the fhort
duration of Solar eclipfes, and the la-
titude which the Moon commonly has
at that time (tho’ but {mall) there is
no certainty in determining the places
where thofe eclipfes will be vifibie by
the globe; but recourfe muft be had to
calculations.

Proe. XXXIII. The Day of the Month,
and Hour of the Day, according to our
way of reckoning in England, beino gi-
ven; to find thereby the Babylonic, lta-
lic, and the Jewith, or fudaical Hour.

1. To find the Babylonic Hour (which
1s the number of hours from Sun-ri-
fing.) Having found the time of Sun-
rifing in the given place, the difterence
betwixt this and the hour given, is the
Babylonic Hour.

2. To find the Italic Hour (which is
the number of hours from Sun-fetting.
Subtract the hour of Sun-fetting from
the given hour, and the remainder will
be the ftalic Hour required.

3. To find the Fewifb Hour (which is
. partof an Artificial Day.) Find how
=/ ' many
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many hours the day confifts of ; then fay,
as the number of hours the day confifts
of is to 12 hours, fo is the hour fince Sun-
rifing to the Fudaical hour required.

Thus, if the Sun rifes at 4 o'clock
(confequently fets at 8) and the hour gi-
ven be 5 in the evening, the Babyloni/b
hour will be the 13th, the Ifa/ic the 21t
and the Fewifb hour will be nine and
three quarters.

The converfe being given, the hour of
the day, according to our way of reckon-
ing in England, may be eafily found.

The following Problems are peculiar
to the Celeflial Globe.

Prog. XXXIV. To find the Right Afcen-
Jion and Declination of the Sun, or any
Fixed Star. -

Bring the Sun’s place in the ecliptic
to the meridian; then that degree of
the equator, which is cut by the meri-
dian, will be the Sux’s Right Afcenfion;
and that degree of the meridian, which
15 exaltly over the Sun’s place, is the
Sun’'s Declination.

After

e e
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After the fame manner, bring the
place of any Fixed Star to the meridian,
and you will find its Right Afcenfion
in the equino&ial, and Declination of
the meridian.

Thus, the right afcenfion and decli-
nation is found, after the fame manner
as the longitude and latitude of a place
upon the Terreflrial Globe.

Note, The right afcenfion and decli-
nation of the Sun vary every day; but the
right afcenfion, &c. of the Fixed Stars is
the fame throughout the year*.

The Sun’s Right Afcenfion. Declin.

Deg.  Deg.
Fanuary 31 --- 314 17+ S.
April § ~eemem- 142 -6 N,
%0, ob Fuly 21 --aem- IZDE 201N.
November 26 - 242X 21 S.
R. Alc. * ¥l

Deg. Deg.
Aldebaran  -=-=-- -~ 65 16 N.
Spica Virginis — ------== 50 - Ak
Capella --a-- ——--== 74 453 N.

Syrius, or the Dog-Star 98 163 8.

* The infenfible change in the Longitude, Right
Afcenfion, and Declination of the Fixed Stars, made by
their flow motion, parallel to the ecliptic (being but 1
degree in 72 years) is not worth notice in this place.

Note,
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Note, The declination of the Sun
may be found after the fame manner by
the Terrefirial Globe, and alfo his right
afcenfion, when the equinoétial is num-
bered into 360 degrees, commencing at
the equino¢tial pomnt «: But as the
equinoctial is not always numbered fo,
and this being properly a Problem in
Aftronomy, we choofe rather to place it
here.

By the converfe of this problem, hav-
ing the right afcenfion and declination
of any point given, that point itf{elf 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 ecliptic, will be the latitude,
and the degree cut on the ecliptic will
be the Star’s longitude.

Thus the latitude of Aréfurus will be
found to be 31 degrees North, and the
lon«

I
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longitude 200 degrees from «, or 20
degrees from =: The latitude of
Fomalhaut in the Southern Fifh, 21 de-
grees South, and longitude 299 = de-
grees, or v 29 . degrees. By the con-
verfe of this method, having the lati-
tude and longitude of a Star given, it
will be ealy to find the Star upon the
globe.

The diftance betwixt two Stars, or
the number of degrees contained be-
twixt them, may be found by laying
the quadrant of altitude over each of
them, and counting the number of de-
grees intercepted; after the fame man-
ner as we found the diftance betwixt
two places on the Terrefirial Globe, in
Prob. VII.

Pros. XXXVI. The Lat:itude of the
Place, the Day of the Month, and the
Hour being giveny to find what Stars
are then rifing or fetting, what Stars
are culminating, or on the meridian, and
the Altitude and Azimuth of any Star
above the Horizon; and alfo bow to dif-
tinguifh the Stars in the Heavens one
Sfrom the other, and to know them by
their proper Names.

Having

£52
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Having rectified the globe for the la-
titude, the zenith, and the Sun’s place,
turn the globe about until the index
points to the given hour, the globe be-
ing kept in this pofition.

2 Eaftern
. AllthofeStarsthatareinthe Weftﬁrn.g

{fide of the horizon, are then geltj';l?ngg:g

All thofe Stars that are under the
meridian, are then culminating. And
if the quadrant of altitude be laid over
the center of any particular Star, it will
fhow that Star’s altitude at that time;
and where it cuts the horizon, will be
the Star’s azimuth from the North or
South part of the meridian.

The globe being kept in the fame ele-
vation, and from turning round its axis,
move the wooden frame about until the
North and South points of the horizon
lie exaltly in the meridian; then right
lines 1imagined to pafs from the center
thro’ each Star upon the furface of the
globe, will point out the real Star in the
heavens, which thofe on the globe are
made to reprefent. And if you are by
the fide of fome wall whole bearing you

know,

b AT
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know, lay the quadrant of altitude to
that bearing in the horizon, and it will
cut all thofe Stars which at that very time
are to be feen in the fame direction, or
clofe by the fide of the faid wall. Thus
knowing fome of the remarkable Stars in
any part of the heavens, the neighbour-
ing Stars may be diftinguifhed by obferv-
ing their fituations with refpect to thofe
that are already known, and comparing
them with the Stars drawn upon the
globe.

Thus, if you turn your face towards
the North, you will find the North Pole
of the globe points to the Pole-Star; then
you may obferve two Stars fomewhat lefs
bright than the Pole-Star, almoft in a
right line with it, and four more which
form a fort of quadrangle; thefe feven
Stars make the conftellation called the
Little Bear ; the Pole Star being in the tip
of the tail.. In this neighbourhood you
will obferve feven bright Stars, which are
commonly called Charles’s Wane; thefe
are the bright Stars in the Great Bear,
and form much {uch another figure with
thofe before-mentioned in the /i¢¢/e Bear :
‘The two foremoft of the {quare lie al-
moft in a right line with the Pole Star,
and are called the Poinfers; {o that know-

M ihg
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ing the Pointers, you may eafily find the
Pole Star. 'Thus the reft of the Stars in
this conftellation, and all the Stars in the
neighbouring conftellations may be ea-
fily found, by obferving how thejunknown
Stars lie either in quadrangles, triangles,
or ftiait lines. from thole that are already
known upon the globe.

After the fame manner the globe be-
ing rectified, you may diftinguifh thofe
Stars that are to the Southward of you,
and be foon acquainted with all the Stars
that are vifible in our hemifphere.

S G EE QLT M

The globe being reftified to the lati-
tude of any place, if you turn it round
its axis, all thofe Stars that do not go
below the horizon during a whole re-
volution of the globe, never {et in that
place; and thofe that do not come above
the horizon never rife.

Pros XXXVII. The latitude of the place
being given; to find the Amplitude, Ob-
ligue Afcenfion and Defcenfion, Afcenfi-
onal Difference, Semi-disrnal Arch, and
the time of continuance above the bori-
zon, of any given point in the heavens.

Having
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Having reétified the globe for the la-
‘titude, and brought the given point to
the meridian, fet the index to the hour
of 12; then turn the globe until the
given point be brought to the Eaftern fide
of the horizon, and that degree of the
equinoctial which is cut by the hori-
zon at that time, will be the Obligue
Afcenfion; and where the given point cuts
the horizon, is the Amplitude Ortive: 1f
the globe be turned about until the given
point be brought to the Weftern fide of
the horizon, 1t will there fhow the 4m-
plitude Occafive; and where the horizon
cuts the equinoctial at that time, 1s the
Oblique Defcenfron,

The time between the index at either
of thefe two pofitions, and the hour of
6; or half the difference between the
oblique afcenfion and defcenfion is the

Afcenfional Difference.

If the placebe in North latitudeand the
declination ofthegiven mntbeg North
EIERE ¢.South

the afcenfional difference reduced into
added to 2l

{ubtracted ﬁ*n::rmg6 oEpek,

gives the Semi-diurnal Arch; the com-

time, andg

plement whereof to a {femicircle, is the

M2 Se-
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Semi-nocturnal Arch. 1f the place be
in South latitude, then the contrary
is to be obferved with refpet to the
declination e
. §diurna :

The rem"{nn&urnal? arch being
doubled, gives the time of continuance

aoove § the horizon.  Or the time of
continuance above the horizon, may
be found by counting the number of
hours contained in the upper part of
the horary circle, betwixt the place
where the index pointed when the given
point was in the Eaftern or Weftern
parts of the horizon. If the given point
was the Sun’s place, the index pointed
the time of his rifing and fetting, when
the faid place was in the Eaftern and
Weftern parts of the horizon, as in
Prob. 18. Or the time of Sun-rifing
may be feund by adding or fubtratting
his afcenfional difference, to or from
the hour of {ix, according as the lati-

tude and declination are either contrary-

or the fame way.

Thus, at London, on the 31t of May,
the Sux's
Amplitude is 24. degrees Northerly.
Oblique Alcenfion, 2o0.
0b-

.
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Obligue Defcenfion, 58,

Afcenfional Difference, 19,

Semidurnal Areh, 109.

His continuance above the horizon,
14 2 hours.

Sun rifes at three quarters paft four,

Sun fets a quarter paft feven.

Thefe things for the Sun vary every
day; but for a Fixed Star the day of the
month need not be given, for they are
the fame all the year round.

In the latitude of 51 2 North, Syrus’s
Amplitude is about 28 degrees Southerly.
Oblique Afcenfion, 121.
Oblique Defcenfion, 75.
Afcenfional Difference, 23.
Semi-diurnal Arch, 67.
Continuance above the horizon, ¢
hours. _
j
Proe. XXXVIII. Tbhe Latitude and the
Day of the Month being given; to find
the Hour when any known Star will be

upon the meridian, and alfo the time of

its rifing and jetting.

Having rectified the globe for the la«
titude of the Sun’s place, bring the given
Star to the meridian, and allo to the Eaft

M 3 or

165



The Ufe of

or Weft fide of the horizon, and the
wdex will thew accurdlngly when thﬁ;
Star culminates, or the time of the 7i-

fing or fetting.

Thus at London, on the 211t of :}‘dﬁﬂ-
ary, Syrius will be upon the meridian,
at a quarter paft ten in the evening;
tifes at 5 hours, and fets at three quar-
ters paft two in ‘the mornmg

By the converfe of this problem,
knowing the time when any Star is up-
on the meridian, you may eafily find
the Sun’s place. Thus, bring the given
Star to the meridian, and fet the index to
the given hour; then turn the globe 'till
the index points to 12 at noon, and the
meridian will cut the Sun’s place in the
ecliptic. Thus whﬂn Syrius comes to
the meridian at 10X hours after noon,
the Sun’s place will be = I deg.

Pros. XXXIX. To find at what time
of the Year a given Star will be upon
the Meridian, at a_given Hour of the
the Night.

Bring the Star to the meridian, and
fet the index to the given hour, then turn
fhe globe “ill the index pmnts to 12 at

- noon,
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noon, and the meridian will cut the e-
clipticin the Sun’s place; whence the day
of the month may be eafily found in the
kalendar upon the horizon.

Pros. XL. The Day of the Month, and
the Azimuth of any known Star being

given; to find the Hour of the Night.

Having rectified the globe for the la-
tiude and the Sun’s place, if the given
Star be due North or South, bring it to
the meridian, and the index will thow
the hour of the night. If the Star be in
any other direction, fix the quadrant of
altitude 1n the zenith, and fet it to the
Star’s azimuth in the horizon; then turn
the globe about until the quadrant cuts
the center of the Star, and the index will
fhew the hour of the night.

The bearing of any point in the
+ heavens may be found by the following
methods.

Having a meridian line drawn in two
windows, that are oppofite to one ano-
ther, you may crofs it at right angles
with another line reprefenting the Eaft
and Weft; from the point of the inter-
fection defcrib: a circle, and divide each

M 4 qua-
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quadrant into go degrees; then get a
{mooth board, of about 2 feet long, and
2 foot broad (more or lefs, as you judge
convenient) and on the back part of it
fix another {mall board croflways, {o that
it may ferve as a foot to fupport the big-
geft board upright; when it 1s fet upon
a level, or an horizontal plane. The
board bemg thus prepared, fet the lower
edge of the fmooth, or fore fide of it,
clofe to the center of the circle, then
turn it about to the meridian, or to any
azimuth point required (keeping the
edge of 1t always clofe to the center) and
cafting your eye along the flat fide of it,
you will eafily perceive what Stars are
upon the meridian, or any other bear-
ing that the board is fet to.

Pros. XLI. Two known Stars baviug the
fame Azimuth, or the fame Height, be-
1ng given; fo find the Hour of the Night.

Rectify the globe for the latitude, the
zenith, and the Sun’s place.

1. When the two Stars are in the
fame azimuth, turn the globe, and alfo
the guadrant about, until both Stars
coincide with the edge thereof; then will
the index fhew the hour of the night;

and
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and where the quadrant cuts the ho-
rizon, is the common azimuth of both
Stars.

2. If the two Stars are of the fame al-
titude, move the globe {o that the fame
degree on the quadrant will cut both
Stars, then the index will fhew the hour.

This problem is ufeful when the quan-
tity of the azimuth of the two Stars in
the firlt cafe, or of their altitude in the
latter cafe, is not known.

If tavo Stars were given, one on the meridi-
an, and the otber in the Eaft or Weft part
of the borizon; to find the Latitude,

Bring that Star which was obferved
on the meridian, to the meridian of the
globe, and keep the globe from turning
round its axis; then {lide the meridian
up or down in the notches, ’till the othes
Star 1s brought te the Eaft or Weft part
of the horizon, and that elevation of the
Pole will be the Latiiude {ought.

Pros. XLII. The Latitude, Day of the
Month, and the Aliitude of any known

Star being given; to find the Hour of
the Night.

Rec-
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Rectify the globe for the latitude, ze-
nith, and Sun’s place: Turn the globe,
and the quadrant of altitude, backward
or forward, ’till the center of that Star
meets the quadrant in the degree of al-
titude given; then the index will point
the true hour of the night; and alio
where the quadrant cuts the horizon,
will be the azimuth of the Star at that
time. |

If the Latitude, the Sun's Altitude, and bis
Declination (inflead of bis Place in the
Ecliptic) are given; to find the Hour
of the Day and Azimuth.

Re&ify the globe for the latitude and
zenith, and having brought the egui-
noftral colure to the meridian, fet the
index to 12 at noon; which being done,
turn the globe and the quadrant, until
the given declination in the equino(tial
colure, cuts the altitude on the qua-
drant; then the index will thew the Hour
of the day, and the quadrant cut the
Azimuth in the horizon.

If the Altitude of two Stars on the fame
Azimuth were given; to find the Lati-
fude of the Place.

Set
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Set the quadrant over both Stars at
the obferved degrees of altitude, and
keep it faft upon the globe with your
fingers; then {lide the meridian up or
down in the notches, ’till the quadrant
cuts the given azimuth in the horizon;
that elevation of the Pole will be the la-
titude required.

Pros. XLIII. Having the Latitude of

the place, to find the degree of the
Ecliptic, which rifes or fets with a given
Star; and from thence to determine the
time of 1ts Colmical and Achronical
rifing and [etting.

Having retified the globe for the la-
titude, bring the given Star to the Eaft-
ern fide of the horizon, and mark what
degree of the ecliptic rifes with it: Look
for that degree in the wooden horizon,
and right againft it, in the kalendar,
you will find the month and day when
the Star rifes Cofmically. 1f you bring
the Star to the Weftern fide of the ho-
rizon, that degree of the ecliptic which
rifes at that time, will give the day of the
month when the faid Star fers Cofmical-
ly. Solikewife againft the degree which
fets with the Star, you will find the day
of the month of the Achronical fetting;

iow and
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and if you bring it to the Eaftern part
of the horizon, that degree which fets
at that time will be the Sun s place when
the Star rifes Achronically.

Thus, in the latitude of Londin, Sy-
rius, or the Dog-Star, riles Cofmically the
1oth of Auguft, and fets Cofmically the
1oth of O&aé&r Aldebaran, or the Bull's
Eye, rdes Achronically on the 22d of
May, and fets Achronically on the 1gth
of December.

Pros. XLIV. Having the Latitude of
the place, to _find the z‘:me when a Star
rifes and [ets Helacally.

Having rettified the globe for the la-
titude, bring the Star to the Eaftern fide
of the horizon, and turn the quadrant
round to the Weftern fide, ’till it cuts
the ecliptic in 12 degrees of altitude
above the horizon, if the Star be of the
firft magnitude; then that point of the
ecliptic which is cut by the quadrant, is
12 degrees high above the Weﬂern part
of the horizon, when the Star rifes; but

- at the {fame time the oppofite point in

the ecliptic 1s 12 degrees below the Eaft-

ern part of the horizon, which is the de- -

preffion of a Star of the Jirft magnitude,
when
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when fhe rifes Heliacally; or has got fo
far from the Sun’s beams, that fhe may
be feen in the morning before Sun-rifing,
Wherefore look for the faid point of the
ecliptic on the horizon, and right againft
it will be the day of the month when the
Star rifes Heliacally. 'To find the Helia-
cal fetting, bring the Star to the Weft
fide of the horizon, and turn the qua-
drant about to the Eaftern fide, ’till the
12th degree of it above the horizon, cuts
the ecliptic; then that degree of the eclip-
tic which is oppofite to this point, is the
Sun’s place when the Star fers Heliacally.

Thus you will find that Ar&urus rifes
Heliacally the 28th of September, and fets
Heliacally December the 2d.

Pros. XLV. To find the place of any
Planet upon the globe; and [o by that
means, to find its place in the Heavens :
Alfo to find at what Hour any Planct
will rife or fet, or be on the meridian at
any one Day tn the Year.

You muft firft feek in an Ephemeris

{ White's Ephemeris will do well enough)
for the place of the Planet propofed on
that day; then mark that point of the
ecliptic, either with chalk, or by fticking
on
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on a little black patch ; and then for that

night you may perform any problem, as
before, by a Fixed Star.

Let it be required to find the fituation
of Fupiter among the Fixed Stars in the
heavens, and alfo what time he rifes
and fets, and comes to the meridian on
the 1gth of May, 1757, N.S. at London.

Looking for the 1g9th of May, 1757, in
White's Ephemeris, I find that Fupizer's
place at that time 1s in about 12 degrees
of m; latitude about 1 X degree North,
Then looking for that point upon the
Celeftial globe, I find that u is then
nearly in conjunction with the bright
Star in the Southern Balance, and about
1 degree North of 1t.

To find when he rifes and fets, and
comes to the meridian : Having put a
little black patch on the place of ‘jupiter,
elevate the globe according to the lati-
tude, and having brought the Sun’s place
to the meridian, fet the hour index to
12 at noon; then turn the mark which
was made for Fupiter, to the Eaftern
part of the horizon, I find % will rife
fomewhat more than half an hour after
three in_the afternoon; and turning the

globe
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globe about, I find it comes to the meri-
dianalittle before elevenatnight; andfets
almoft a quarter paft fix next morning.

This example being underftood, 1t will
be ealy to find when either of the other
two fuperior Planets, viz. Mars and Sa-

turn, rife, {fet, and come to the meridian.

I fhall conclude this {fubjeét about the
Globes with the following problems,

Pros. XLVI. To find all that [pace upor
the Earth, where an Eclipfe of one of the
Satellites of Jupiter will be vifible.

Having found that place upon the
Earth, in which the Sunis vertical at the
time of the eclipfe, by Prob. 13, elevate
the globe according to the latitude of the
faid place; then bring the place to the
meridian, and fet the hour index to 12 at
noon. If upiter be in confequence
of the Sun, draw a line with black lead,
or the like, along the Eaftern fide of the
horizon, which line will pafs over all
thofe places where the Sun 1s fetting at
that time; then count the difference be-
twixt the right alcenfion of the Sun, and
that of Fupiter, and turn the globe Weft-

ward, 'till the hour index points to this
differ-
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difference; then keep the globe from
turning round its axis, and elevate the
meridian, according to the declination of
Supiter. '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 Fupizer will be vifible, from thefet-
ting of the Sun, to the fetting of Fupiter.

But if Fupiter be in antecedence of the
Sun (7. e.rifesbeforehim) havingbrought
the place where the Sun is vertical, to the
zenith, and put the hour index to 12 at
nioon, draw a line on the Weftern fide of
the horizon; then elevate the globe ac-
cording to the declination of fupiter, and
turn it about Eaftward, until the index
points to {fo many hours diftant from
noon, as is the difference of right afcen-
fion of the Sun and Fupiter. The globe
being in this pofition, draw a line along
the Weftern fide of the horizon; then the
{pace contained between this line, and
the other laft drawn, will comprehend
all thofe places upon the Earth where
the Ecliple 1s vifible, between the rifing
of the Sun, and that of fupiter.

The
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The DESCRIPTION of the
Great ORRERY, lately made
by Mr. Tiomas WRIGHT,
Mathematical Inftrument-
Maker to his late MajESTY;
and now by BENjaMIN
CoLE, hbus Succeffor

™™ HE OrreryY is an Aftrono-
& T B mical Machine, made to re-
§ > prefent the motions of the
W 360 o Planets. Thefe machines are
made of various fizes, fome having more
Planets than others; but I fhall here
confine myfelf to the defcription of that
abovementioned.

In the Introduction we gave a fhort
account of the Order, Periods, Diftances,
and Magnitudes of the Primary Planets;
and of the Diffances and Periodical Re-
wolutions of the Secondary Planets round
their refpective Primaries. We f{hall here
explain their Stations, Regradations,

N Eclip-
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Eclipfes, Phafes, &c. but firft let us take
a general view of the Orrery.

The frame which contains the wheel-
work, &e¢. that regulates the whole Ma-
chine, 1s made of fine ebony, and is near
four feet in diameter; the outfide there-
of is adorned with twelve pilafters, cu-
rioufly wrought and gilt: Between thefe
pilafters the twelve Signs of the Zodrac
are neatly painted, with gilded frames.
Above the frame is a broad ring, fup-
ported with twelve pillars: This ring
reprefents the Plane of the Ecliptzc, up-
on which there are two {cales of de-
grees, and between thofe the names and
charaters of the twelve Signs. Near
the outfide is a fcale of months and
days, exactly correfponding to the Sun’s
place at noon, each day throughout
the year.

Above the ecliptic ftands fome of the
principal circles of the fphere, according
to their refpective fituations in the hea-
vens, viz. N° 10, are the two Colures,
divided into degrees, and half degrees;
N® 11, 1s one half of the Equinoctial
Circle, making an angle with the eclip-
tic of 231 degrees. 'The Tropic of Can-
¢er, and the Aré&ic Circle, are each fixed

parallel.
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Féti'allél, and at their proper diftance
rom the equinoctial. On the North-
ern half of the ecliptic is a brafs {emi-
cu'cle, moveable upon two points fixed
in v and =: This femicircle ferves as a
moveable horizon, to be put to any de-
gree of latitude upon the North purt of
the meridian. The whole machine is
alfo fo contrived, as to be fet toj any la-
titude, without in the leaft aﬂe@.‘mg any,
of the infide motions: For this purpofe
there are two ftrong hinges (N° 13,)
fixed to the bottom frame, upon which
the inftrument moves, and a ftrong brafs
arch, having holes at every dEf‘iEﬂ
thro’ which a ftrong pin 1s to.be put,
according to the elevation. = This arch,
and the two hinges, fupport the whole
machine, when it 1s lifted up according’
to any latitude; and the arch at Elthﬁ‘l
times lies cc}nvemently under the bot-
tom frame.

When the machine.1s {Lt to any la-
titude (which is eafily done by two men,
each taking hold of two handles, con-,
veniently fixed for that purpofe) fet the
moveable horizon to the {fame degree
upon the meridian, and you may form
an idea of the refpective altitude, or de-.

preflions of the Planets, above or below,

N 2 the

s
(44
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the horizon, according to their refpetive

pofitions, with regard to the meridian.

Within the ecliptic, and nearly in the
fame place thereot, ftands the Sun, and
all the Planets, both Primary and Se-
condary. The Sun (N° 1.) ftands in
the middle of the whole fyftem, 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 {mall ball (N° 2.) re-
prefenting Mercury: Next to Mercury is
Venus (N° 13.) reprefented by a larger
ball (and both thefe ftand upon wires,
fo that the balls themfelves may be more
vifibly perceived by the eye. The Earth
1s reprefented (N° 4.) by an ivory ball,
having fome of the puncupal meridians
and parallefs and a little sketch of a
map defcribed uponit. The wire which
{fupports the Earth, makes an angle with
the plane of the ecliptic 66 L degrees,
which 1s the inclination of the Earth’s

. axis to that of the ecliptic. Near the
“bottom of the Earth’s axis 1s a Dial Plate

(N © g.) having an index pointing to the
hours of the day, as the Earth turns
round 1ts axis..

Round
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Round the Earth is a ring, fupported
by two fmall pillars, which ring repre-
{ents the Crbit of the Moon, and the di-
vifion upon it anfwers to the Moon’s la-
titude; the motion of this ring repre-
fents the motion of the Moon’s Orbit,
according to that of the Nodes. Within
this ring 1s the Moon (N° 5.) having
a black cap or cafe, which by its mo-
tion, reprefents the Phafes of the Moon
according to her age. Without the
Orbits of the Earth and Moon is Mars
(N° 6.) The next in order to Mars 1s
fupiter, and his four Moons (N° 7);
each of thefe moons 1s fupported by a
crooked wire fixed in a focket, which
turns about the pillar that fuppo:ts Fu-
piter. Thefe {atellites may be turned by
the hand to any pofition; and yet when
the machine 1s put in motion, they will
all move in their proper times. The out-
ermoft of all is Safurn, and his five Moons
(N ° 8.) Thefe moonsare fupported and
contrived after the fame manner with
thofe of “fupiter. The whole machine
is put into motion by turning a {mail
winch (like the key of a clock, N ° 14.)
and all the infide work 1s fo truly
wrought, that 1t requires but very {mall
ftrength to put the whole motion.

N 3 Above
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- Above the handle there is a cylin-
drical pin, which may be drawn a little
out, or pufhed in, at pleafure: when it

15 puihed in, all the Planets, both pri-

mary and fecondary, will move accord-
ng to their refpective periods, by turn-
ing the handle: When it 1s drawn out,
the motions of the Satellites of Fupiter
and Saturn will be ftopped, while all the
reft move without interruption.  Thisis
a very good contrivance ‘to preferve the
inftrament from being clogged by the
{wift motions of the wheels belonging
to the Satellites of Fupiter and Saturn,

when the motions of the reft of the Pla-
nets are only conﬁdered

Thﬁre 1s alfo a brafs lamp having two
convex glaffes, to be put in the room
of the Sun; and alfo a imaller Earth and
Moon, made fomewhat in proportion to
their diftance from each other, whlch
majr be put on at pleafur.e

The lamp turns round in the fame
time with the Earth, and by means of
the glafles caft a ftrong light upon her;
and when the fmaller Earth and Moon
are placed on, it will be eafy to thew
when either of them may be eclipfed. -
¥ oo - . :

Having
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Having thus given a brief defcription
of the outward part of this machine, I
fhall next give an account of the phea-
nomena explained by it, when it is put
into motion,

1. Of the Motions of the Plancts in ge=

neral,

Having put on the handle, pufh in
the pin which 1s juft aboveit, and place
a {mall black patch (or bit of wafer)
upon the middle of the Sun (for in-
ftance) right againft the ficft degree of
o; you may alfo place patches upon
Venus, Mars, and Sfupiter, right againft
fome noted point in the ecliptic. If you
lay a thread from the Sun to the firft
degree of «, you may fet a mark where
it interfets the orbit of each Planet,
and that will be a help to note the rime
of their revolutions.

One entire turn of the handle anfwers
to the diurnal motion of the Earth
round her axis, as may be feen by the
motion of the hour index, which is pla-
ced at the foot of the wire on which
the terella is fixed. When the index
has moved the fpace of ten hours, you
may obferve that Fupifer has made one

N 4 revo-
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revolution compleat round its axis; the
handle being turned until the hour in-
dex has pafled over 24 days, 8 hours,
will bring the patch upon Penus to its
former fituation with refpe¢t to the
ecliptic, which fhews that ¢ has made
one entire revolution round her axis.
Mars makes one compleat revolution
round its axis in 24 hours and about
40 minutes. When the handle 1s turn-
ed 25 times round, the fpot upon the
Sun will point to the fame degree of
the ecliptic, as it did when the inftru-
ment was firft put into motion. By
obferving the motions of the {pots upon
the furface of the Sun, and of the Pla-
nets 1n the heavens, their diurnal mo-
tion was difcovered; after the fame
manner as we do here obferve the mo-
tions of their reprefentatives, by that of
the marks placed upon them.

If while you turn the handle you ob-
ferve the Planets, you will {fee them per-
form their motions in the fame relative
times as they really do mn the heavens,
ecach making its period in the times
mentioned in the Tables, Page, 28,
275 turns of the handle will bring
the Moon round the Earth, which is
called a Periodic Month; and all the
s L while

.......
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while fhe keeps the fame face towards
the Earth; for the Moon’s annual and
diurnal motion are performed both: in
the fame time nearly, fo that we al-

ways fee the fame face or fide of the
Moon.

If before the inftrument is put into
motion, the fatellites of Fupifer and
Saturn be brought into the fame right
line from their refpective primaries, you
will fee them, as you turn the handle,
immediately difperfed from one another,
according to thewr different celerities.
'Thus one turn of the handle will bring
the firft of Fupiter's Moons about i
part round Fupiter, while the fecond
has defcribed but 2 part, the third but
above !, and the fourth not quite .’
part, each of its refpective orbits. If you
turn the handle until the hour index
has moved 18 * hours more, the firft
fatellite will then be brought into 1ts
former poﬁlian and fo has made one
entire revolution; the fecond at the fame
time will be almmﬂ: diametrically op-
pofite to the firft, and fo has que a lit-
tle more than half of one revolution;
the others will be 1n different a[]}eé}s
according to the length of their periods,
as will be pldinlv exhibited by the in-

ﬂ,lll"*_
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ftrument., The fame obfervations may
be made with refpect to the fatellites
of Sa:r;rn.

The machine 1s fo contrived, that
the handle may be turned either way;
and, if before you put it into motion,
you obferve the afpect (or fituation
with refpect to each other) of the Pla-
nets, and then turn the handle round
any number of times; the fame num-
ber of revolutions being made back-
wards, will bring all the Planets to their
former fituations. I fhall next proceed
to particulars.

Of the Stations and Retrogradations of
the Planets.

The primary Planets, as they all turn
round the Sun, at different diftances,

‘and in different times, appear to us

from the Earth to have different moti-
ons; as fometimes they appear to move
from Weft to Eaft, according to the or-
der of the figns, which is called their
Direét Motion; then by degrees they
{lacken their pace, until at laft they lofe
all their motion, and become Stationary,
or not to move at all; that is, they ap-
pear in the fame place with refpect lto

the
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the fixed Stars for fome time together;

after which they again begin to move,

but with a contrary direCtion, as from

Eaft to Weft, which is called their Re- zerroprade
trograde Motion; then again they be-Metion of
come ftationary, and afterwards reaf=>""%"
fume their dire¢t motion. The reafon

of all thefe appearances is very evidently

fhewn by the Orrery.

Of the Stations, 8c. of the Inferior
Planets.

We fhall inftance in the Planet Mer-
cury, becaufe his motion round the Sun
diﬂ{rs more from the Earth’s than that
ot Venus does.

When Mercury 1s 1n his fuperior con-
junction (or when he is in a direct line
from the Earth beyond the Sun) faften
a ftring about the axis of the Earth,
and extend 1t over Mercury to the eclip-
tic; then turning the handle, keep the
thread all the while extended over 3,
and you will find 1t move with a dire&
motion 1n the ecliptic, but continually
flower, until Mercury has the frleateﬂ
elongation from the Earth. ‘\e*u this
pofition, the thread for fome time will
Ia}! over Mercury without being moved

1n
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in the ecliptic, tho’ the Earth and Mer-
cury both continue their progreflive mo-
tion in their refpective orbits. When
Mercury has got a little paft this place,

' '{;ou will find the thread muft be moved

ackward in the ecliptic, beginning firft
with a flow motion, and then fafter by
degrees, until Mercury is in his inferior
conjunction, or direftly between the
Earth and the Sun. Next this pofition
of g , his retrograde motion will be the
{wifteft; but he ftill moves 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 fafter by de-
grees, until he is come to the fame po-
fition with refpe¢t to the Earth, that
he was in at firft. The fame obferva-
tions may be made relating to the mo-
tions of Penus. In like manner the dif-
ferent motions obferved in the {uperior
Planets may be alfo explained by the
Orrery. If you extend the thread over
Fupiter, and proceed after the fame
manner as before we did in regard to
Mercury, you will find that from the time
Fupiter is in conjunction with the Sun,
his motion 1s direc, but continually
ilower, until the Earth is nearly in a
| qua-
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quadrate afpect with Jupiter, near which
pofition fupiter feems to be ftationary:
After which he begins to move, and
continually mends his pace, until he
comes in oppofition to the Sun, at which
time his retrograde motion is {wifteft.
He ftill {feems to go backward, but
with a flower pace, ’till the Earth and
he are again in a quadrate afpe&, where
Fupiter {eems to have loft all his motion;
after which he again refumes his dire&
motion, and fo proceeds fafter by de-
grees, 'till the Earth and he are again in
oppofition to each another.

189

Thefe different motions obferved inpia. 5.
the Planets, are eafily illuftrated, as fol-Fis t-

loweth: The lefler circle round the Sun
1s the orbit of Mercury, in which he
performs his revolution round the Sun,
in about three months, or while the
Earth is going thro’ I part of her orbit,
or from A to N. The numbers 1, 2,
3, &c. in the orbit, of Mercury, fhow
the fpaces he defcribes in a week near-
ly, and the diftance AB, BC, DC, &,
in the Earth’s orbit, do likewife fhow
her motion in the fame time. The
letters A, B, C, &¢. in the great orb,
are the motions of Mercury in the Hea-~
vens, as they appear from the Earth.

Now
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Now if the Earth be fuppofed in A;
and Mercury in 12, near his fuperiof
conjunction with the Sun; a {pectator
on the Earth will fee 3 , as if he were 1
the point of the Heavens A, and while
% is moving from 12 to 1, and from 1
to 2, &¢. the Earth in the fame time
alfo moves from A to B, and from B to
C, &c. All which time ¥ appears in
the Heavens to move in a dire&t motion
from A to B, and from B to C, &¢. but
gradually flower, until he arrives near
the point G; near this place he ap-
pears f{tationary, or to ftand thll; and
afterwards (tho” he fhill continues to
move uniformly in his own orbit, with
a progreflive motion) yet in the {phere
of the fixed Stars he will appear to be re-
trograde, or to go backwards, as from G
to H, from H to I, &¢. until he has ar-
rived near the point L, where again he
will appear to be ftationary; and after-
wards to move in a dire€ motion from
L to M, and from M to N, &¢.

What has been here thewed concern- -
ing the motions of Mercury, is alfo to

be underftood of the motions of Venus;
but the conjunctions of Venus with the
Sun do not happen fo often as in Mer-
¢nry; for Venus moving in a larger orbit,
an
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and much flower than Mercury, does not
fo often overtake the Earth. But the
retrogradations are much greater in Ve-
nus than they are in Mercury, for the
{ame reafons.

The innermoft circle reprefents the

191

Earth’s orbit, divided into 12 parts, an-Fi. 2.

{wering to her monthly motion; the
greateft circle 1s in the orbit of Fupiter,
which he defcribes in about 12 years;
and therefore the . thereof, from A to
N, defines his motion in one of our
years nearly; and the intermediate di-
vifions, A, B, C, &e¢. his monthly mo-
tion. Let us fuppofe the Earth to be
in the point of her orbit 12, and Fu-
piter in A, 1In his conjunction with the
Sun; it 1s evident that from the Earth
Fupiter will be feen 1n the great orb,
or in the point of the Heavens A, and
while the Earth is moving from 12 to 1,
2, &c. 1 alfo moves from A to B, &e.
all which time he appears in the Hea-
vens to move with a dire¢t motion
from A to B, C, &¢, until he comes in
oppofition to the Earth near the point
of the Heavens E, where he appears to
be ftationary; after which % again
begins to move (tho’ at firft with a {low
pace) from E through F, H, I to K,

where
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where again he appears to ftand ftill,
but afterwards he reaflumes his direct
motion from I thro’ K, to M, &ec.

From the conftruction of the preced-
ing figure it appears, that when the fu-
perior Planets are in conjunétion with
the Sun, their dire& motion is much
quicker than at other times; and that
becaufe they really move from Wefk to
Eaft, while the Earth in the oppofite
part of the Heavens 1s carried the fame
way, and round the fame center. This
motion afterwards continually {lackens,
until the Planet comes almoft in op-
pofition to the Sun, when the line
joining the Earth and Planet, will con-
tinue for fome time nearly parallel to
itfelf, and fo the Planet feems from the
Earth to ftand ftill; after which, it be«
gins to move with a flow motion back-
ward, until it comes into a quartile af-
pect with the Sun, when again it will
appear to be ﬁatlﬂnary for the above
reafons; after that it will refume its di-
re€t motion, until it comes into a con-
jun&tion with the Sun, then it will pro-
ceed as above explained. Hence it alfo
appears, that the retrogradations of the
fuperior Planets are much flower than
their dire¢t motions, and their conti-

nuance
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nuance much fhorter; for the Planet,
trom its laft quarter, until 1t comes in
oppofition to the Sun, appears to move
the fame way with the Earth, by whom
it is then overtaken: After which it
begins to go backwards, but with a flow
motion, becaufe the Earth being in the
fame part of the Heavens, and moving
the fame way that the Planet really does,
the apparent motion of the Planet back-
wards, muft thereby be lefiened.

What has been here faid concerning
the motions of Fupiter, 1s alfo to be un-
derftood of Mars and Saturn. But the
retrogradations of Safurn do oftener
happen than thofe of Fupiter, becaufe
the Earth oftener overtakes Safurn; and
- for the fame reafon, the regreflions of
Fupiter do oftener happen than thofe of
Mars. But the retrogradations of Mars
are much greater than thofe of Fupiter,
whofe are alﬁ:r much greater than thufe
of Saturn.

In either of the fatellites of Fupirer
or Saturn, thefe different appearances
im the neighbouring Worlds are much
oftener feen than they are by us in the
primary Planets.

Q We
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We never obferve thefe different mo-
tions in the Moon, becaufe fhe turns
round the Earth as her center; neither
do we obferve them in the Sun, becaufe
he is the center of the Earth’s motion;
whence the apparent motion of the Sun

always appears the fame way round the
Earth,

Of the Annual and Diurnal Motion of the
Earth, and of the increafe and decreafé
of Days and Nights.

The Earth 1n her annual motion

round the Sun, has her axis always in
the fame direction, or parallel to itfelf;
that is, if a line be drawn parallel to the
axis, while the Earth is in any point of
her orbit, the axis in all other pofitions
of the Earth will be parallel to the faid
hne. This parallelifm of the axis, and
the fimple motion of the Earth in the
ecliptic, folves all the phaenomena of dif-
ferent feafons. Thefe things are very

well illuftrated by the Orrery,

If you put on the lamp in the place
of the Sun, you will fee how one half of
our globe is always illuminated by the
Sun, while the other hemifphere re-
mains in darknefs; how Day and Night

are
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are formed by the revolution of thé
Earth round her axis; for as fhe turns
from Weft to Eaft, the Sun appears to
move from Eaft to Weft. And while
the Earth turns in her orbit, you may
obferve that her axis always points the
fame way, and the feveral feafons of the
year continually change.

To make thefe things plainer, we will
take a view of the Earth in different
parts of her orbit.

When the Earth is in the firft point
of Libra (which 1s found by extending a
thread from the Sun, and over the
Earth, to the ecliptic) we have the
Vernal Egquinox, and the Sun at that
time appears in the firft point of «.
In this pofition of the Earth, two Poles
of the world are in the line feparating
light and darknefs; and as the Earth
turns round her axis, juft one half of
the equator, and all its parallels, will be
in the light, and the other half in the
dark; and therefore the days and nights
muft be every where equal.

As the Earth moves along in her or-
bit, you will perceive the North Pole ad-

vances by degrees into the illuminated
Q3 he-
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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 s 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 antar€tic circle, is quite in-
volved in darknefs. Inall places between
the equator and the arctic circle, the
days are now at the longeft, and are
gradually longer, as the place are more
remote from the equator. In the South-
ern hemifphere there is a contrary effect.
All the while the Earth is travelling from
Capricorn towards Arzes, the North Pole
gradually recedes from the light, and the
South Pole approaches nearer to it; the
days in the Northern hemifphere gra-

- dually decreafe, and in the Southern he-

mifphere they increafe in the fame pro-
pertion, until the Earth be arrived in o ;
then the two Poles of the world lie ex-
attly 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,
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light, while the Southern one acﬁqﬁdes
into 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 arrived in
Cancer, the North frigid Zone 1s all in-
volved in darknefs, and the South frigid
Zone falls intirely within the hight; the
days every where in the Northern hemi-
fphere 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
trom it; and in all places to the North-
ward of the equator, the daysnowlength-
en, while in the oppofite hemifphere they
gradually fhorten, until the Earth has
gotten into = ; in which pofition the days
and nights will again be of equal length
in all parts of the world.

You might have obferved that 1n all
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 «,
the North Pole was conftantly illu-
minated, and the South Pole all the

O 3 while
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while in darknefs; and for the other half
year, the contrary. Sometimes there is
a femicircle exactly facing the Sun, fixed
over the middle of the Earth, which
may be called the horizon of the disk:
This will do inftead of the lamp, if that
half of the Earth which is next the Sun
be confidered, as being the illuminated
hemifphere, and the othcr half, to be
that which lies in darknefs |

The great circle «, g, o, & repre-
{fent the Earth’s annual orbit; and the
four lefler circles ESQC, the eclhiptic,
upon the furface of the Earth, coincid-
ing with the great ecliptic in the Hea-
vens. ' Thefe four lefler figures repre-
fent the Earth in the four cardinal points
of the ecliptic, P being the North Pole of
the equator, and p the North Pole of
the ecliptic; SPC, the folftitial colureg
which is always paral]el to the great fol-
fhitial colure = o w in the Heavens;
E P Q_the equinoétial colure.  The o-
ther circles paffing thro’ P, are meridians
at two hours diftance from one ano-
ther; the femicircle EAQ_is the North-
ern half of the equator; the parallel
crcle touching the ecliptic in S, 1s the
tropic of Cancer; the dotted mrc]e, the

pa! -':ﬂlﬁl of Lnndan; and the fmall cir-
L]P

b o
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cle, touching the Pole of the ecliptic,
is the Aréfic Gircle  'The fhaded part,
which is always oppofite to the Sun,
is the obfcure hemifphere, or that
which lies 1n darknefs; and that which
is next the Sun, is the illuminated he-
mifphere.

If we fuppofe the Earth in <, {he will
then fee the Sun in « (which makes our
vernal equinox) and in this pofition the
circle bounding light and darknefs,
which here 1s SC, pafles thro’ the Poles
of the World, and bifeéts all the paral-
lels of the equator; and therefore the
diurnal and nolturnal arches, or the
length of the days and nights, are equal
in all places of the world.

But while the Earth in her annual
courfe, moves through m, #, to », the
line SC, keeping fhiil parallel to itfelf,
or to the place where it was at firft,
the Pole P will, by this motion, gradu-
ally advance into the illuminated hemi-
fphere; and alfo the diurnal arches of
the parallels gradually increafe, and con-
fequently the nocturnal ones decreafe in
the fame proportion, until the Earth
has arrived into »; in which pofition
the Pole P, and all the fpace within the

O 4 arc-
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arctic circle, fall wholly within the il-
luminated hemifphere, and the diurnal
arches of all the parallels that are with-
out this circle, will exceed the no&urnal
arches more or lefs, as the places are
nearer to, or farther off from it, until
the diftance from the Pole 1s as far as
the equatcr, where both thefe arches
are always equal,

Again, while the Earthis moving from

v through =, X, to o, the Pole P begins
to inchine to the line, diftinguifhing
light and darknefs, in the fame pro-
purtmn that before it receded from 1t;
and confequently: the diurnal arches
gradually leflen, until the Earth has
arrived into o, whme the Pole P will
again fall on the horizon, and fo caufe
the days and nights to be every where
equal. But when the Earth has pailed
o, while fhe 1s going thro’ ¥, and o, &e.
the Pole P will begin to fall in the ob-
fcure hemifphere, and {o recede gradu-
ally from the light, until the Earth is
arrived in e; 1n which pofition not
only the Pole, but all the fpace within
the arétic circle, are involved in dark-
nefs, and the diurnal arches of all the
parallels, without the arftic circle, are
equal to the nolurnal arches of the
fame
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fame parallels, when the Earth was in
the oppofite point »; and it is evident
that the days are now at the fhorteft,
and the nights the longeft. But when
the Earth has paft this point, while fhe
1s going through @ and m, the Pole P
will again gradually approach the light,
and {o 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 phano-
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 Phafes of the Moon, and of ber
Motion tn ber Orbit.

The orbit of the Moon makes an
angle w1th the plane of the ecllptic of
above 5t degrees, and cuts it into two
pmnts, d:ametncaliy oppofite (after the

fdmc
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{fame manner as the equator and the
ecliptic cut each other upon the globe,

in & and =) which points ate called the

s,  INodes; and a right line joining thefe
points, and paffing through the center

of the Earth, 1s cailed the Line of the

Nodes. 'That node where the Moon
begins to afcend Northward above the

plane of the ecliptic, 1s called the 4/~

Dragen's cending Node, and the Head of the Dra-
Head.  gon, and 1s thus commonly marked g.
The other node from whence the Moon,
defcends to the Soutward of the eclip-

_ tic, is called the Defcending Node, and the
2" Dragon’s Tail, and is thus marked s.
The line of nodes continually fhifts

itfelf from Eaft to Weft, contrary to the
RerograzOrder of the figns; and with this 7e-
Morion oftrograde motion, makes one revolution
the Nodes. pound the Earth, in the fpace of about

19 years.

The Moon defcribes its orbit round
the Earth in the fpace of 27 days and
< hours, which fpace of time is called

Periodical 3 Periodical Month; yet from one con-
o junétion to the next, the Moon fpends
80 days and a half, which is called a
Vot Synodical Month; becaufe while the Moon
~in her proper Orbit finithes her courfe,

il.e Earth advances near a whole fign

1y

|
!
]
!
£
)

A=t T 'I'J.-:‘."'H‘:w-n isans it

IR o o i i o S T R



the ORRERY.

m the ecliptic; which fpace the'Moon
has ftill to deferibe, before {he will be
feen in conjunction with the Sun.

When the Moon 1s in conjunétion
with the Sun, note her place in the
ecliptic; then turning the handle, you
will find that 27 days and 7 hours will
bring the Moon to the fame place; and
after you have made 2} revolutions
more, the Moon will be exactly betwixt
the Sun and the Earth.

The Moon all the while keéps in her
orbit, and fo the wire that fupports
her continually rifes or falls in a focket,
as fhe changes her latitude; the black

203

cap fhifts itfelf, and fo thews the pha-P5ef o

fes of the Moon, according to her age,
or how much of her enlightened part is
feen from the Earth. In one {ynodical
month, the line of the nodes moves
about 1 % degree from Weft to Eaft,
and fo makes one entire revolution in
1g years.

Let AB be an arch of the Earth’s or-
bit, and when the Earth is in T, let the
Moon be in N, in conjun&ion with the
Sun in S, while the Moon is defcribing
her orbit NAFD, the Earth will de-
e & ' fcribe

the Moon.
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{cribe the arch of her orbit T #; and
when the Earth has got into the point #,
the Moon will be in the point of her
orbit », having made one compleat re-
volution round the Earth. But the
Moon, before fhe comes in conjunétion
with the Sun, muft again defcribe the
arch 7 o; which arch 1s fimilar to T #,
becaufe the lines FN, f », are parallel;
and becaufe, while the Moon defcribes
the arch # o, the Earth advances forward
in the ecliptic; the arch defcribed by the
Moon, after fhe has finifhed her perio-
dical month, before fhe makes a fyno-
dical month, muft be fomewhat greater
thanzo. Todetermine the mean length

. of a tynodical month, find the diurnal

motion of the Moon (or the fpace the
defcribes round the Earth in one dav)
and likewife the diurnal motion of the
Earth; then the difference betwixt the
two motions, 1s the apparent motion of
the Moon round the Earth in one day;
then it will be, as this differential arch
1s to a whole circle; {o 1s one day to
that {pace of time wherein the Moon

appears to defcribe a compleat circle
“round the Earth, which 1s about 292

days. But this is not always a true
Lunation, for the motion of the Moon
1s fometimes fafter, and fometimes flow-

cr,
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er, according to the pofition of the Earth
in her orbit.

In one fynodical month the Moon
has all manner of afpects with the Sun
and Earth, and becaufe fhe is opaque,
that face of hers will only appear bright
which is towards the Sun, while the op-

ofite remains in darknefs. But the
inhabitants of the Earth can only fee
that face of the Moon which is turned
towards the Earth; and therefore, ac-
cording to the various pofitions of the
Moon, in refpe& of the Sun and Earth,
we obferve different portions of her illu-

minated face, and {o a continual change
in her * Phafes.

Let S be the Sun, RTV an arch of
the Earth’s orbit, T the Earth, and the
‘circle ABCD, &¢. the Moon’s orbit, in
which the turns round the Earth in the
{pace of a month; and let A, B, C, &e.
be the centers of the Moon in different
parts of her orbit.

Now if with the Jines S A, S B, &&.
we' join the centers of the Sun and
Moon,

* Phafe; of the Moon are thofe different appearances
we obferve in her, accordin r to her puﬁtinn in refpedt
to the Sun and Karth,
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Moon, and at right angles to thefe draw
the lines H O; the faid lines H O wiil
be the circles that feparate the illumi-
nated part of the Moon from the dark
and obfcure. Again, if we conceive
another line I L to be drawn at right
angles to the lines TA, TB, &e. paf-
fing from the center of the Earth to the
Moon, the faid line I L will divide the
vifible hemifphere of the Moon, or that
which 1s turned towards us, from the in-
vifible, or that which 1s turned from us;
and this circle may be called the Crrcle

of Vifion.

Now 1t 1s manifeft, that whenever the
Moon 1s in the pofition A, or in that
point of her orbit which is oppofite to
the Sun, the circle of vifion, and the
circle bounding light and darknefs, do
coincide, and all the illuminated face of
the Moon 1s turned towards the Earth,
and is vifible to us; and in this pofition
the Moon is faid to be fu//. But when
the Moon arrives to B, all her illumi-
nated face 1s then not towards the Earth,
there being a part of it, HBI, not to be
feen by us; and then her vifible face is
deficient from a circle, and appears of
a gibbous form, as in B. Fig. 3. Agamn
when ‘the arrives to C, the two fore-

men-
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mentioned circles cut €ach other at right
angles, and then we obferve a balf Moon, ;.
as in C, Fig. 3. And again the illu=oon.
minated face of the Moon is more and
more turned from the Earth, until the
comes to the Point E, where the circle

of vifion, and that bounding light and
darknefs, do again coincide. Here the
Moon difappears, the illuminated part
being wholly turned from the Earth;
and fhe 1s now faid to be in Conjunétion
with the Sun, becaufe fhe is in the fame
diretion from the Earth that the Sunis
in, which pofition we call a New Moon.New
When the Moon is arrived to F, fhe”™”
again aflumes a horned figure, but her
horns (which before the change were
turned Weftward) have now changed
their pofition,andlook Eaftward, When
fhe has arrived to a quadrate afpect at
G, fhe will appear biffected, 'like a half
Moon, afterwards fhe will ftill grow big-
ger, until at laft fhe comes to A, where a-
gain {he will appear in her full {plendor.

The fame appearances which we ¢b-
{erve in the Moon are likewife obferved
by the Luxrarians in the Earth, our Earth
being a Moon to them, as their Moon
1s to us; and we are obferved by them to
be carried reund in the fpace of time

that
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that they are really carried round the
Earth But the fame phafes of the
Earth and Moon happen when they are
1n contrary pofition; for when the Moon
1s in conjunction to us, the Earth is then
in oppofition to the Moon, and the Lu-
nartans have then a full Earth, as we 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 n con]un&mn with her,
and in that pofition the Earth will dif-
appear; afterwards fhe will affume a
horned figure, and fo fhew the fame
phafes to the inhabitants of the Moon
as The does to us.

Of the Bclipfes of the Sun and Moon.

An Eclipfe 1s that deprivation of light
in a Planet, when another 1s interpofed
betwixt it and the Sun. Thus, an
ecliple of the Sun is made by the in-
terpofition of the Moon at her con-
junction, and an echpfe of the Moon 1s
occafioned by the fhadow of the Earth
falling upon the Moon, when fhe 1s in
oppofition to the Sun.

Let S be the Sun, T the Earth, and
ABC 1ts fhadow; now if the Moon,
whgﬂ-‘
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when fhe is in oppofition to the Sun,
thould come into the conical {pace ARC,
fhe will then be deprived ofP the {olarzurar |
light, and {o undergo an eclipfe. Eclipe.

In the fame manner, when the fha-
dow of the Moon falls upon the Earth
(which can never happen but when the
Moon is in conjunction with the Sun)
that part upon which the fhadow falls
will be involved in darknefs, and theg,,,
Sun eclipfed. But becaufe the Moon isZdigf.
much lefs than the Earth, the {hadow
of the » cannot cover the whole Earth,
but only a part ofit. Let S be the Sun, Fi. 5.
T the Earth, ABC the Moon’s orbit,
and L. the Moon in conjunction with
the Sun: Here the fhadow of the Moon
falls only upon the part DE of the
Earth’s {urface, and there only the Sun
is intirely hid: but there are other parts
EF, DG, on each fide of the fhadow,
where the inhabitants are deprived of
part of the Solar rays, and that more
or lefs, according to their diftance from
the thadow. Thofe who live at H and I
will fee half of the Sun eclipfed, but in
the fpaces FM, GN, all the Sun’s body
will be vifible, without any eclipfe.
From the preceding figure it appears,
that an eclipfe of the Sun does not reach

4 a
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a great way upon the f?erﬁcies of the

Earth; but the whole body of the Moon
may fometimes be involved in the
Earth’s fhadow.

Although the Moon feen from the
Earth, and the Earth feen from the
Moon, are each alternately, once a
month, in conjunction with the Sun;
yet, by reafon of the inclination of the
Moon’s orbit to the ecliptic, the Sun is
not eclipfed every new Moon, nor the
Moon at every full. Let T be the
Earth, DTE an arch of the ecliptic, A
LBF, the Moon's orbit, having the
Earth T, 1n 1ts center; and let AGBC
be another circle coinciding with the e-
c]iptic, and A, B, the nodes, or the two
points where the Moon’s orbit and the
ecliptic cut each other. A the afcend-
ing node, and B the defcending node.
The angle GAL equal to GBL is the
inclination of the Moon’s orbit to the
ecliptic, being about 5 degrees. Now
a {pettator from the Earth at T, will
obferve the Sun to move 1n the circle A
GBC, and the Moon in her orbit ALBF;
whence it 1s evident, that the Sun and
Moon can never be feen in a direct line
from the center of the Earth, but when
the Moon is in one of the nodes A or B;

and.
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and then only will the Sun appear
centrally eclipfed. But if the conjunc-
tion of the Moon happens when fhe is
any where within the diftance A ¢ of the
nodes, either North or South, the Sun
will then be eclipfed, more or lefs, ac-
cording to the diftance from the node
A, or B, If the conjunction happens
when the Moon 1s 1n 4, the Sun will be
then one half eclipfed; and if it happens
when fhe is in ¢, the Moon’s limb will
juft touch the Sun’s disk, without hid-
ing any part of it.

The fhadow of the Earth at the place
where the Moon's orbit interfeéts it, is
three times as large as the Moon’s dia-
meter, as in Fig. 4. and therefore it of-
ten happens that eclipfes of the Moon
are total, when they are not central :
And for the fame reafon the Moon may
fometimes be totally eclipfed for three
hours together; whereas total eclipfes
of the Sun can fcarcely ever exceed four
minutes.

The eclipfes of the Sun and Moon are
very well explained by the Orrery: Thus
having put the lamp in the place of
the Sun, and the little Earth and the
little Moon in their proper places, in-

P2 ftead
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ftead of the larger ones, let the room
wherein the inftrument ftands be dark-
ened; then turning the handle about,
you will fee when the conjunction of
the Moon happens. When fhe isin or
near one of the nodes, her thadow will
fall upon the Earth, and fo deprive that
part upon which it falls of the light of
the Sun: If the conjunction happens
when the Moon is not near one¢ of the
nodes, the light of the lamp will fall
upon the Earth, either above or below
the Moon, according to her latitude at
that time. In like manner, when the
full Moon happens near one of the
nodes, the fhadow of the Earth wiH fall
upon the Moon; and if the Moon’s la-

titude be but {mall, her whole face-will
‘be involved in darknels. At other times,
‘when the full Moon happens when fhe.

15 ndt near one of her nodes;, the fha-
dow of the Earth will pafs either above
or below the Moon, and fo by that

‘means the Moon will efcape being

eclipled.
Of the Eclipfes of the Sateliites of Jupiter.

The apparent diameters of the infe-
rior Planets are {o fmall, that when they
pafs betwixt us and the Sun, they only
- appear

|
|
|
|
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appear like fmall {pots upon the Sun’s
furface, without dePrwm r us of any fen-
fible quantity of his light. The fha-
dow of the Earth likewife terminates
before 1t reaches any of the fuperior Pla-
nets, fo that they are never eclipfed by
us; and the Earth when fhe 1s 1n con-
junétion with the Sun, only appears like
a black fpot upon his furtface.

But Fupiter and his Moons mutually
eclipfe each other, as our Earth and
Moon do; as alfo doth Sgturn and his
Moons. The fatellites of Fupiter be-
come twice hid from us, in one circu-
lation round % ; w/z. once behind the
body of ynp:'rer} 7. e. when they are in
the right line joining the centers of
the Earth and 2 ; and again they be-
come invifible when they enter the {ha-
dow of TFupiter, which happens when
they are at their Full, as {een from 2,
at which times they alfo {uffer eclipfes;
which eclipfes happen to them after the

fame manner as they do to our Moon,

by the interpofition of the Earth be-
twixt her and the Sun.

2130

Let S be the Sun, ABT the Earth’sFi. 7.

orbit; and Cu D, an arch of Jupiter's
orbit, in which let Fupiter be in the
s point
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point % ; and let CFDH be the orbit of
one of _‘j' piter's fatellites, which we will
here fu poﬁ: to be the fartheft from him.

Thefe {atellites, while they movethro’the
inferior parts of their arbs, v7z. from
D thro’ H, 1, to C, feem from the Earth
and the Sun to have a retrograde mo-
tion; but when they are in the {uperior
part of their orbit, they are then feen to
move from Weft to Eaft, according to
their true motion. - Now wh11¢ they de-
fcribe the fupermr part of their orblts,
they will be twice hid from the Earth,

once in the thadow of 2, and once be-
hind his body. If Fu prter be more
Wefterly than the Sun, that is, when the
Earth 1s in A, they will be firft hid in
the fhadow F, and afterwards behind
the body of ¥ in G: But when the
Earth 1s in B, then they are firft hid be-
hind 1 ’s body in E, and afterwards fall
into the thadow F. While the fatel-
lites defcribe the inferior parts of their
orbit, they only once difappear, which
may be either in I or H, -according to
the pofition of the Earth, in which pia-
ces they cannot be dl&mgulfhed from
ﬂle body of j‘ﬂp:fm

When the fatellites {feen from u are
in conjunction with the Sun, their fha-
dows
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dows will then fall upon %, and fome
part of his body be involved in dark-
nefs, to which part the Sun will be to-
tally eclipfed.

By obferving the eclipfes of Fupiter's
fatellites, it was firft difcovered that light
1s not propogated inftantaneouily,
though it moves with an incredible
{wiftnefs: For if light came to us in an
inftant, an obferver in T will fee an
eclipfe of one of the fatellites, at the
fame time that another in Kwould. But
it has been found by obfervations, that
when the Earth is in K, at her neareft
diftance from Sfupiter, thefe eclipfes hap-
pen much fooner than when the 1s in T,
Now having the difference of time be-
twixt thefe appearances in K and T, we
may find the length of time the light
takes in paffing from K to T, which
fpace 1s equal to the diameter of the
Earth’s annual orb. By thefe kinds of
obfervations it has been found, that
light reaches from the Sun to us in the
{pace of eleven minutes of time, which
1s at leaft at the rate of 100,000 miles
in a fecond.
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The I N D E X.
Arétic Pole - - Page 53
Afcenfion - - B 68
-------- Right - ~ 1b.
wmemm== Oblique - - 6g
Afcenfional Difference - 1b
 Afcians - - - gI
~----=- Heterofcians - 1b.
Afterifms . - 36
Atmofphere - - 31
Axis - - - 43
- of the World W 49
Azzmuth - - - 61
Babylonith Hours - 71
Bi/[fextile - - 78
Circle - - - 42
------ Great Circles - 1b.
----- - Parallel, or lefler Circles - 43
=-——-- Secundary Crrcles - 1b.
Circles of the Sphere - 47
Climates - - - 93
Colures - - - (71
——— Equinoéctial Colure - ib.
= Solftitial Colure . 54
Comets - - ~ 29
Conjunéiion - - 11,207
Conflellations - 36
Cofmicalrifing and fetting of thf: Stars g6
Crepu ﬁ:‘ufﬁm - - 83
Day, Natural and Artificial - 69
Deciination - - 52
Diurnal Motion - - i

Diurnal
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Diurnal Arch = Page 68
Eclipfes - s E 208
-——-}!—ﬁ{ Solar - “ ib.
Lunar - & 5.
Edspj&s of _]up1ter s Sﬂffﬂ!fﬂ Kot
Echiptic 53
Egyptian Year - - 7
Elongation - - 1
Equator, or Equinolial - 48
Egmrzaﬂmf Points - 53

Preceffion of - 55
Vernal and Autumnal 7o

Excentricity - 4
Galaxy, or Milky Wd_y - 38
Geocentric Place - ~ 19
Globe - - - 42
— Terreflrial - - 43
= Celeftial - - 44
Gregorian Account - 8o
Heliacal rifing and fetting of the Stars 96
Heliocentrie Place B 19
Hemi/[phere - s 42
Northern and Southern 49
Heteroftians - - 91
Horizon - - - 58
Senfible - - ib.
Rational - - 59

Hour Circles - - 50
Ttalian Hours - - 72
Jewith Hours - = ib.
Tulian Aecount - 79
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Latitude, in Aftronomy - Page 36
| . in Geography i 84
Larzg:mde in Aftronomy - 56

in Geography - 87
Meridian - - 50, 61
Naair - = & 6¥
Nodes - oEL 3, 202
Noéturnal Arch % - 68
Orbit - 3

Parallel of the Earth’s Semuhameter 23
——— of the Earth’s A’rzmmi Oré 20

Pericci - 92
Perifcians - 91
Peﬂadwﬂf Mﬂnth - 74, 202
Pbhafes of the Moon - 201
Planets - - -
' Inferior aud Superior - 14
Planetary Hours ~ - =2
Poles - - - 42
— of the World - 49
~— of the Ecliptic - 56
Polar Circles - - 52
Points of the Compals - 6o
Cardinal Pamf.r - 59
Primary Plancts - 5
Retrograde Motion of the Planets 187
of the Nodes - 202

Secondary Planets - - g
Sidereal Year - - 74
Signs of the Zodiac - 54

R Narz‘beﬂz and Southern - 1b.
Selftices
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ACATALOGU E

Of Mathematical, Philofophical,
and Optical Inftruments,

MADE and SOLD by
BEN¥AMIN COLE,

At his Shop, the fign of the Orrery, No. 136, in
Flect-ftreet, London.
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ARIETY of pocket cafes of Drawing In- 4 :
ftruments, in Silver, from gl. gs. to — } g
Ditto, in Brafs, from zs. to —_— ot
Magazine Cafes, in Silver, from 12l. to — 150 0 O
Ditto, in Brafs, from 5l. to 50 0 O
Circular C ompaffes to defcribe a C]TLIE as I'mall} 6

asa pin’s head, from 3s. to 7
Long Hand Drawmg-pﬂns from 15, to N
Lom afles in Brals, with fhiiting points, as the ¢ i
Ink and Black Lead points, from 2s. 6d. to 5y
Flain Ccmpafﬁ:s, from bd. to — o0 5 o
Beam Compafles, fordrawinglargecircles,fm.i2.to 3 o o
Proportionable Compalfles, from 1. 15, to — R O
Triangular Com ITes, from 14s. to o118 o
Eliptical Compalles, for Ovals, from 11, 115.6d.to 5 5 o
Hair Compalles -— 0 7 b
Bows for drawing curved lines, from 4s.t0 —= o0 10 6

Sets of F{:athcr-egge Scales, in Brafs, Ivory, or 6
Wood, from 12s. to D S O
Plain ditto, or Plotting ditto, inditto, from 8d. to 018 o

Gunter’s 2 feet, and 1 foot Scales, in Brals or

Wood, from 2s. to —_ } St
Protrattors of all forts, from 15, 6d. te —- 116 o

Paralle?
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Parallel Rules, from 6 to 36 inches, from 2s. 6d. to 1
Crofs-barditto, in Brafs, Ivory, or Wood, from 42
inches, to g feet, from 10s, 6d. to e }
Seétors, in ditto, from ss. 6d, to — —_— 4
Theodolites, from 3l. 3s. to P Lei i e
Ditto, with Vertical arch, Spirit Levels, Telef-
cope, &'c. from 10l. 10s. to } 2t
Plain Tables, from 3l. 3s.to —_ 5
Circumferentors, the principal Inftrument for
Surveyingin thﬁWcﬂ-Inj‘ies, from1l, 16, to } 3
Ciunter’s four pole chains, from 6s, to i e
Spirit Levels of all forts, from gs. to 12
Pentographia, for the ready and exa@ reduétion
or copying of Schemes, %rawin s, Prints, &3¢, } 4
MeafuringWheels for Surveying, lgx'am 4l.14s.6d.to 6
Hadley’s Quadrants, with Diagonal Divifions — 1
Ditto, with a Nonius, from el. 2s. to : 3
Ditto, all in Brafs, from gl. 13s. 6d, to — b
Davies’s Quadrant, from 12s, to — a— g
Cole’s ditto, from 18s. to a—— R e
Sutton’s ditto — ki e
Gunter’s ditto, from gs. 6d. to —_ — 1
Horizontal Sun Dials, for all Latitudes, from 5s. to 10
Ring Dials, from 10s. 6d. to o _— 21
Azimuth Compaffes, from sl. 5s. to ——— i
Amplitude ditto, from 1l. 7s. to — — 5
Mariner’s Compafles, either for the Cabin, or Bi- E
nacle, from 7s. 6d. to e ks -
Pocket Compafles, from 1s. to — . 1
Large Orreries, from gol. to — — 250
- Armillary Spheres, from 121, to o— — 0
Seventeen inch Globes a——— Eeinbil
Fifteen inch ditto — —— —_—
TW(.’-EVE inﬂh dittﬂ R ——— e 3
Hiﬂe inth dittﬂ —— Lttt —
Six inch ditto — _— Ft bl iy
Three inch ditto, in a cafe, from 8s. to T
Large double Barrell’d ftanding air pumps - 25
Apparatus to ditto, from gl. gs. to —— 12
Douhble Barrell’d table air pumps, with their ap-
aratus, from 5l. 155, 6d. to |  — El i
Single Barrell’d ditto e o 8
ﬂyparatuﬁ ta ditte e e e
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Pleftrical Machings, in Brafs, with appamui,} 13

box, ¢, from 5l. 5s. to o 3
Barometers, from 11, 15, to iy R T
Ditto & Thermometer, in one frame,fm,1.115.6d.ta 2 12
Barometer, Thermometer, and Hydrometer, all in}

one frame, from 21 12s. 6d. to —_— 313
Farenheit’s Thermometers, in mahogany cales, o

from 1l 5s. to I I }

Pocket ditto, in black cales, from 12s.to S A
Spirit Thermometers, on box {cales, for hot-houfes © 10

ydrometers, in Ivory, from 4s, to o 5
Ditto, in copper, with weights, {Je. for Prmring} :

Spirits, from 1l, 15, to - " — 5
Hydroftatic Ballance, with apparatus, ¢, == 1 15
Speaking Trumpets, from 10s. to -— —_— 1 11

earing ditto, f?mjn 7s. 6d. to — — 11
Refleéting Telefcopes, from 11, 16s. to 50 ©
Refra&in]% ditto, of various lengths, with four or 6

fix glafles, from 7s. 6d. to —— — ;

Double refleéting Microfcopes, from gl. 13s.6d.to 7 7
Solar ditto, in Brafs, from 4l. 4s. to 6 6
Wilion's pocket ditto, from 1l. gs. to — 2 13
Qpake ditto, from 21. 125, 6d. to — — 3 13
Cloth ditto, from gs. 6d. t0 = e e
Flower ditto, from gs. 6d. to — 0 5
Diagonal Machines for viewing prints, from 16s.to 1 11
Large Book Camera Obfcura, from 41, 45. to —— 5 35
Box Camera Obfcura, from 10s. 6d. to 2 2
Scioptric Ball and Socket, in Wood — O 7
Opera Glaffes, from ss. to — -— 3 12
Profpeft ditto, from 8d. to S w—— O 10
Magic Lanthorn, without objeéts, from 1], 1s.t0 1 7
Magic Lanthorn fliders, with objefts, from gs.to — © 10
Mirrors, convex or concave, of all fizes, in black g P
frames, from 10s. 6d, to - i . SN
Prifms, from 6s, to — 1}

Reading Glaffes fetin a variety of curious frames,
from 2s. 6d. to - g
Watchmaker’s Glafles, in frames, from (5. 10 e ¢
Concaveditto, for fhortfighted perfons.from1s.6d.to 2
Specttacles ground on brafs tools, and fet in filver,
tortoife fhell, horn, ¢, from 1s. to -— E
Achromatic,Opera,and Profpetglaflcs, fm, 11,15, t0 1
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