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(i )
To my Learned Fr1END

Mr. TOHN E A MES,

Fellow of the RovaL SocieTy.

Dear S TR,

T would be mere trifling; to fay

any thing to you of the Excel-
lency and great Advantage of "thofe
Sciences, whofe firft Rudiments I
have here drawn up.  Your large
Acquaintance with thefe Matters hath
given you a juft Relifh of thePleafure
of them, and well informed you of
their {folid Ufe. But, perhaps, it is
neceffary to excule my felf to the
World, if I publith fome of theFruits
of my former Studies on fuch Subjeéts
as thefe. I would therefore willingly
have the unlearned Part of Mankind
appriz’d of the Neceflity and general

Ule of " this fort of Learning ; and
N2 that
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that not only to Civil, but to Sacred
Purpofes.

If you, Sir, would pleafe to take
upon you this Service, you would
make it appear with rich Advantage
how far the Knowledge of Things
Human and Divine is influenced and
improved by thefe Studies.

You can tell the World, that *tis
the Kﬁowledge of this Globe of Earth
onwhich we tread, andof thofe Hea-=
venly Bodies which {feem ta rollaround
us, that hath been wrought up into
thefe two kindred Sciences, Geography
and Aftronomy. And there is not a
Sonor Daughterof Adambuthasfome
Concern in both of them, tho’ they
. may not know it in a learned way.

‘This Earth is given us for an Ha-
bitation : “Tis the Place of prefentRe-
{idence for all our Fellow-Mortals :
Nor is it peflible that there {hould be
any Commerce maintain’d with thofe
who dwell at a Diftance, without
{ome A cquaintance with the different
Tra&sof Land, and the Rivers or Seas

that
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that divide the Regions of the Earth.

The Heavenly Bodies, which are
high over our Heads, meafure out our
Days and Years, our Life and Time,
by their various Revolutions. Now
Life and Tirme are forae of the deareft
things we have, and ’tis of important
Concern to diftinguith the Hours as
they pafs away, that proper Seafons
may be chofen and adapted for every
Bufinefs. |

You know, Sir, that thofe necef-
fary and ufeful Inftruments, Clocts,
W atches and Dials, owe their Origin
to the Obfervations of the Heavens :
The Computation of Months and
Years had been for ever impracticable
without fome careful Notice of the
various Situations and Appearances
of thofe thining Worlds above us.

I {hall be told, perhaps, that thefe
are not my {pecial Province. “Tis the
Knowledge of God, the Advancement
of Religion, and Converfe with the
Scriptures are the peculiar Studies
which Providence has afligned me. 1

R know
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know it, and I adore the Divine Fa-
vour. But I am free and zealous to
declare, that without commencing
fome Acquaintance with thefe Ma-
thematical Sciences, I could never ar-
rive at {o clear a Conception of many
things delivered in the Scriptures ;
nor could I raife my Ideas of God zhe
Creator to {o high aPitch: AndI am
~ well affured that many of the facred
Fundtion will join with me and fup-
port this Affertion from their own
Experience.

If welook down to the Earzh, ’tis
the Theatre on which all the grand
Affairs recorded in the Bible have
been tranfa&ed. How i1s it poflible
that we fthould trace the Wandrings
of Abrabam that great Patriarch, and
the various Toils and Travels of 7a-

0b, and the Seed of Ifrael in fuccellive
Ages, without fome Geographical
Knowledge of thofe Countries ? How
can our Meditations follow the Bleffed
Apoftles in their laborious Journies
thro’ Europe and Afa, theirVoyages,

their
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their Perils, their Shipwracks, and
the Fatigues they endured for the {ake
of the Gofpel ; unlefs we are in-
{tructed by Mczps and 7ab/es, wherein
thofe Regions are copled out in a
narrow Compafs, and exhibited in
one View to the Eye?

If we look upward with David to
the Worlds above us, we confider the
Heavens as the Work of the Finger of
God, and the Moon and the Stars which
be hath ordained. What amazing Glo-
ries difcover themfelves to our Sight ?
What Wonders of Wifdom are feenin
the exact Regularity of their Revo-
. lutions 7 Nor was there ever any
thing that has contributed to enlarge
my Apprehenfions of the immenfe
Power of God, the Magnificence of
his Creation, and his own tran{cen-
dent Grandeur, fo much as that little
Portion of Affronomy which 1 have
been able to attain. And I would
not only recommend it to young Stu-
dents for the fame Purpofes, but 1
would perfuade all Mankind (if it

A 4 were
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were poflible) to gain fome Degrees
of Acquaintance with the Vaftnefs,
the Diftances, and the Motions of
the Planetary Worlds on the fame
Account. It gives an unknown En-
largement to the Underftanding, and
affords a divine Entertainment to the
Soul and its better Powers. With
 what Pleafure and rich Profit would
Men furvey thofe aftonifhing Spaces
in which the Planets revolve, the
Hugenels of their Bulk, and the al-
moft incredibleSwiftnefs of their A/
tions? And yet all thefe governed and
adjufted by fuch unerringRules, that
they never miftake their Way, nor
lofe a Minute of their Time, nor
change their appointed Circuits in fe-
veral thoufands of Years! When we
mufe on thefe things we may lofe our
felves in holy Wonder, and cry out
with thePlalmift, Lord, whar is Man
that thou art mindful of bim, and the

Son of Man that thou [bould)? vifit
bim €

*Twas
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"T'was chiefly in the younger Part of
my Life indeed that thefe Studies
were my Entertainment ; and being
defired both at that time, as well as
fince, upon {fome Occafions, to lead
{fome young Friends into the Know-
ledge of the firft Principles of Geo-
graphy and Aftronomy, 1 found no
Treatife on thofe Subjeéts written in
fo very plain and comprehenfive a
manner as to anfwer my Wifhes:
Upon this Account I drew up the
following Papers, and fet every thing
in that Light in which it appeared
moft obvicus and eafy to me.

I have joined the general Part of
thefe two Sciences together : What
belongs particularly to each of them
is caft into diftin& Setions. And 1
with, Sir, you would prefent the
World with the Special Part of Af-
tronomydrawn up for theUfeof Learn-
ers in the moft plainand eafy Method,
to render this Work more complete.

Moft of the Authors, which I per-
ufed in thofe Days whenl wrote many

Parts
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Parts of this Book, were of elder
Date : And therefore the Calculations
and Numbers which I borrow’d from
their Aftronomical Tables cannot be {o
exact as thofe with which fome later
Writers have furnifh’d us : For this
Reafon the Account of the Sux's
Placein the Ecliptick, the Declination
and Right Afcenfion of the Sun and
the Stars in {fome Parts of the Book,
efpecially in the Solution of fome of
the Problems in the 20" Section, may
erhaps need a little Corre&ion ;

tho’ I hope the Zheorems will appear
true in the Speculation, and the Pro-
blems {o regular and fuccefsful in the
Pra&ice as 1s {fufhicient for a Learner.
However, to apply fome Remedy to
this Inconvenience, there are added
at the End of the Book {fome later
Tables, which are formed according
to the celebrated Mr. Flam/led’s Ob-

{ervations.
I have exhibited near forty Pro-
- blems to be practifed on the Globe,
and thirty-five more of various kinds,
to

3
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to be performed by manual Operation
with the Aid of {fome Geometrical
Pradices. Thefe were very {enfible
Allurements to my younger Enqui-
ries into thefe Subjeds, and I hope
they may attain the fame Effect upon
fom? of my Readers.

It was my Opinion that it would
be a very delightful Way of learning
the Dottrine and Ufes of the Sphere,
to have them explain’d by a variety
of Figures or Diagrams ; this is cer-
tainly much wanting in moft Au-
thors that I have perufed. I have
therefore drawn thirty Figures with
my own Hand, in order to render
the Defcription of every thing more
intelligible.

I have endeavoured to entertain
younger Minds and entice them to
thefe Studies, by all thofe eafy and
agreeable Operations relating both
to the Earth and the Heavens, which
probably may tempt them on to the

higher Speculations of the gl‘féé.lt
ir
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Sir Ifaac Newton and his Followers
on this Subje&.

Yet there thould be a due Limit
fet to thefe Inquiries too, according
to the different Employments of Life
to which we are called : For it is
pofiible a Genius of a&ive Curiofity
may walte too many Hours in the
more abftrufe Parts of thefe Subjects
which God and his Country de-
mand to be apply’d to the Studies of
the Law, Phyfick, or Divinity 5 to
Merchandize or Mechanical Opera-
tions.

If T had followed the Condué& of
mere Inclination, perhaps I {hould
have laid out more of my {erene
Hours in Speculations which are fo
alluring : And then indeed I might
have performed what I have here
attempted in a manner more an-
{werable to my Defign, and left lefs
for the Criticks to cenfure, and my
Friends to forgive. But fuch as it is,
I put it intirely, S7r, into your Hands

to
3
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to review and alter whatfoever you
pleafe, and make it anfwerable to
that Idea which I have formed of
your Skill. Then if you fhall think
fit to prefent it to the World, §
perfuade myfelf I fhall not be utterly
difappointed in the Views I had in
putting thefe Papers together, many
of which have lien by me in Silence
above twenty Years.

Farewel, Dear Sir, and forgive
the Trouble that you have partly
devolv’d on your {elf by the too fa-
vourable Opinion you have conceived
both of thefeSheets and of the Writer
of them, who takes a Pleafure to
tell the World that he is with great
Sincerity,

gl 0
Your moft obedient Servant,
Theobalds 7
Firtlodifiee, I. Warts
Juhespaieg ‘

1728
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TO THE
READE R.

Y Think my [felf oblig’d, in Fuftice

to the ingenions Author as well as
the Publick, to afure them that the
Alterations I bave ventur'd to make
in the Revifal of this Work, are but
few and fmall.  The fame Per/[picuity
of Thought and Eafe of Expreffion
which diftinguifb bis other Works
running through the whole of this, I
dor’t queftion but the W orld will meet
with equal Pleafure and Satisfattion
in the Perufal.

O Joun EamEs.

THE
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PRINCIPLES

Geography and Aftronomy,

ST U SO B

Of the SpHERES 0r GLOBES of the
Heaven and BEartw.

R HERE is nothing gives us a more
eafy or {peedy Acquaintance with
the Earth and the vifible Heavens
than the Reprefentation of them
on a Globe or Sphere ; becaufe hereby we
have the moft natural Image of them fet
before our Eyes.
The Terrefirial Globe reprefents the Earth
with its feveral Lands, Seas, Rivers, Iflands,

Ge. The Celeflial Sphere or Globe reprefents
the Heavens and Stars,

Several Poznts and Circles are either mark-
ed or defcribed on thefe Spheres or Globes,
or are reprefented by the Brafs and Wooden

Work




2 The firft Principles of  Se&. 1.
Work about them, to exhibit the Places and
the Motions of the Sun, Moon or Stars, the
Situation of the {everal Parts of the Earth,
together with the Relation that all thefe bear
to cach other.

The Earthly Globe, with the Lines and
Signs and Pornfs that are ufually marked
upon it, is fufficient to inform the Reader
of almoft every thing that I fhall mention
here, even with Regard to the Heavens, the
Szn and the Planets ; unlefs he has a Mind
to be particularly acquainted with the fixed
Stars, and the f{everal Ufes of them ; then
indeed a Celeffial Globe is moft convenient to
be added to it.

Note 18, Half the Globe is called a He-
mifphere; and thus the whole Globe or
Sphere of the Heavens or of the Earth may
be reprefented on a Flat or Plane in rwo
Hemifpheres, as in the common Maps of
the Earth, or in Draughts or Defcriptions
of the Heavens and Stars.

Becaufe Globes are not always at Hand,
the feveral Points and Circles together with
their Properties fhall be fo defcribed in
this Difcourfe, as to lead the Reader into
fome general and imperfe¢t Knowledge
of thefe Things (as far as it may be done)
bva Map of the World) (which s no-
thing elfe but a Reprefentation of the Globe
of Earth and Waters on two Flat or

‘ Plain



Se&. 2. Géography and Aftronomy. 3
Plain Surfaces ;) or at leaft I fhall fo ex-
prefs thefe Matters, that a Map will affift
him to keep them in Remembrance, if he

has been firft a little acquainted with the

Globe itfelf. i

Note 24, Though the lateft and beft A-
ftronomers have found that the Suz is:
fixt in or near the Centre of our World,

‘&‘( gr’ll/—ffi

and that the Earth moves round its own ¢ ¢ovta /"//‘/0//)

Axis once in twenty-four Hours with a Cir-
cular Motion, and round the Sun once in
a Year with a Progreffive Motion; yet to
make thefe Things more eafy and intelligible
to thofe that are unikilful, we fhall here
fuppofe the Sun to move round the Earth
both with a dazly and yearly Motion, as it
appears to our Senfes ; (wzz.) daily going
round the Earth, and yet every Day chan-
ging its Place a little in the Heavens, till
in a Year’s Time it returns to the fame Place

again,

SoEuEaT,: 1L
Of the greater Crrcles.

"HE Greater Circles are fuch as divide

the Globe into two equal Parts, and

are thefe four; (viz.) the Horizon, the Me-
ridian, the Equator, and the Ecliptick,

I. The Horizon is a broad flat Circle, or

the Wooden Frame in which the Globe
' B {¥ands,

/um/o/. -
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4 The firft Principles of = Set. 2,
ftands. Itsupper Edge divides the Globe into
the upper and lower Halves or Hemi/pheres,

. and reprefents the Line or Circle which di-

vides between the upper and the lower Parts
of the Earth and Heavens, and which is
called the Horizon. 'This Circle determines
the Rifing or Setting of Sun or Stars, and
diftinguithes Day and Night.

When the Sun is in the Eaft Part of the
Horizon, ’tis Rifing : When in the Weft
Part, ’tis Setting.. When *tis above the Ho-
rizon, ’tis Day : When below, ’tis Night.

Yet till the Sun be 18 Degrees below the
Horizon it is ufually called Twilight ; be-
caufe the Sun-Beams fhooting upward are
refleted down to us by the Atmofphere af-
ter Sun-fet or before Sun-rife : And ’tis up-
on this Account that in our Horizon at Lozn-
don there is no perfet Night in the very
middle of Summer for two Months toge-
ther, becaufe the Sun is not 18 Degrees be-
low the Horizon.

The Horizon is diftinguithed into the
Senfible and the Rational. See Fig. 1.

The Senfible Horizon fuppofes the Specta-
tor placed on s the Surface of the Earth or
Water, and it reaches as far as the Eye can
{ee. But the Rational or True Horizon
{uppofes the Spectator placed in the Cen-
tre of the Earth ¢, and thus divides the
Globes both of the Heavens and the Earth
into Halves, | Sup-
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Suppofe in Figure 1. the Circle s d p eis
the Earth, # 6 h n » g the Heavens, 4 5 g the
Line making the Senfible Horizon, 4 » the
Rational Horizon.

The Senfible Horizon on the Earth or
Sea includes s 0, and it reaches but a very
few Miles; for if a Man of fix Foot high
ftood upon a large Plain or on the Surface of
the Sea, at s, he could not fee the Sea itfelf,
or the Land, further than three Miles round.

Thus it appears that the Senfible Horizon
on the Earth or Sea a s o differs very much
from the Extent of the Real or Rational
Horizon d s e. - But as to the Heavens
where the fixt Stars are, the Senfible Hori-
2on b v g {carce differs at all from the Ra-
tional Horizon b u'r : For the Eye placed
in the Centre of the Earth ¢, or on the Sur-
face of it 5, would find no evident Differ-
ence in the Horizon of the fixt Stars, be-
caufe they are at {o immenfe a le’car‘ce
that in comparifon thereof half the Dxame-—
ter of the Earth, that is 5 ¢ or g 7 the Dif-
tance between the Surface and the Centre is
of no Confideration.

But let it be obferved here, that the
Planets are much nearer to the Earth than
the Fixt Stars are : And therefore half the
Diameter of the Earth, 7.¢e. s ¢ or g 7 is of
fome Confideration in the Horizon of the
Planets,

B2 It



6 The firft Principles of  Seé. 2.

It may not therefore be improper to note
in this Place, that fuppofe a Planet to be

at g, if the Eye of the Spetator were on.
the Surface of the Earth at's, he would be-
hold it as level with the: Horzzon But if
his Eye were at the Centre of the Earth or
¢, he would behold it raifed feveral De-
orees or Minutes above the Horizon, even
the Quantity of the Angle g ¢ 7, or (Wh1ch
is all one) s g c.

Now the Difference between the Place
where a Planet appears to a Spectator plac’d
on the Centre of the Earth, and toa Specta-
tor plac’d on the Surface, is called the Pa-
rallax of that Planet at that time; and
therefore the Difference between thofe two
Places ¢ and 7, or rather the Quantity of
the Angle gc7, or s g ¢, is called its Hors-
zontal Paral lax And this is of great ufe
to adjuft the real Diftances, and confequent-
ly the real Magnitudes of the feveral Pla-
nets.  But this Do&rine of Parallaxes be-
longs rather to the fecond or fpecial Part of
Aﬂm,zo, 2y

II. The Meridian is a great Brazen Cir-
cle in which the Globe moves; it croffes
the Horizon at right Angles, and divides
the Globe into the Eaffern and Weflern
Hemifpheres, . It reprefents that Line or
Cicle in the Heaven which pafles juft
over our Head, and cutting the Horrzon

in
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in the North and Soxth Points of it, comes
juft under our Feet on the oppofite Side of
the Globe.

This Circle thews when the Sun or Stars
are juft at North or South, and determines
Noon or Midnight.

When the Sun is on the Meridian and
above the Horizon to us in Great Britain,
’tis juft in the South, and ’tis Noon. When
itis on the Meridian and under the Horizon,
'tis juft in the North, and ’tis Midnight.

Note, ~Whenfoever we move on the
Earth, whether Eaf}, Weft, North, or South,
we change our Horizon both Senfible and
Rational; for every Motion or Change of
Place gives us a Hemifphere of Sky or
Heaven over our Head a little different
from what it was ; and we can fee lefs on
one Side of the Globe of the Earth and
more on the other Side.

Whenfoever we move toward the Eaft
or Weft we change our Meridian: But we
do not change our Meridian if we move
direétly to the North or South. '

Upon this Account the Horizon and Me-
ridian are, called Changeable Circles, and
the Globe is made moveable within thefe
Circles to reprefent this Changeablenefs,
whereby every Place on the Earth may be
brought under its proper Meridian, and be

furrounded with its proper Horizon,
B 3 111,
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III. ‘The Eguator or Equinoftial Line
croflesthe Meridian at right Angles, and di-
vides the Globe into the Northern and Sou-
thern Hemifpheres; and diftinguithes the
Sun’s yearly Path into the Swmmer and
Winter Hali-Years. It reprefents in the
Heavens that very Line or Circle which
is the Path of the Sun in thofe two Daysin
Spring and Autumn when the Days and
Nights are of equal Length.

Among all the Circles of the Globe this
1s fometimes eminently called The Line;
and paffing over it at Sea is called by Sai-
lors Croffing the Line. _

Note, 'The Sun, Moon and Stars, with all
the Frame of the Heavens, are fuppofed to
be whirl’d round from Eaft to Weft every
twenty-four Hours upon the Axis of the
Equator, or (whichisall one) in their feve-
ral Paths parallel to- the Equator. This is
called their Diurnal or Daily Motion.

IV. The Ecliptick Line 1s the Sun’s An-
nual or Yearly Path, cutting the Equinoc-
ticl in two oppofite Points obliquely at the
Angles of 23 i Degrees. On it are figured
the Marks of the 12 Signs through which
the Sun pafles, (viz.) Aries the Ram ‘w,
Taurus the Bull v, Gemini the Twins o,
Cancer' the Crab ‘=,  Feo the Lion" g,
Virgo the Virgin m, Libra the Balance =,
S¢orpio the Scorpion m, Sagittarius the ./;slr~

cner
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cher ¢, Capricornus the Sea-Goat wr, Agua-
rius the Waterer s, Pifces the Fifhes x.
Thefe Signs are certain Conjtellations or
Numbers of Stars which are reduced by the
Fancy of Men for Diftin¢tion Sake into the
Form of twelve Animals, and for the Ufe of
the Engli/b Reader may be defcribed thus.

The Ram, the Bull, the heavenly Twins,
And next the Crab, the Lion fhines,

The Virgin, and the Scales :
The Scorpion, Archer, and Sea-Goat,
The Man that holds the Water-pot,

And Fith with glittering Tails.

Among thefe Signs, Aries, Taurus, Ge-
mint, Cancer, Leo, Virgo, are called North-
ern. But Libra, Scorpio, Sagittarius, Ca-
pricornus, Aquarius, Pifces, are Southern.
Capricorn, Aquarius, Pifces, Aries, Taurus,
Gemini are Afcending Signs, becaufe they
{tand in Succeffion Northward or rifing gra-
dually higher in our European Hemifphere :
But Cancer, Leo, Virgo, Libra, Scorpio, Sa-
gittarius are Defcending Signs, for their Suc-
ceffion tends lower toward our Horizon, or
rather toward the Southern Hemifphere.

Each of thefe Signs has 30 Degrees of the
Ecliptick allotted to it. ‘The Sun er any
Planet is faid 70 be 7z fuch a Sign when he
is between our Eye and that Sign, or when

B 4 be
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he appears in that Part of the Heavens
where thofe Stars are of which the Sign is
compofed. . |

If it beenquired, How we can know the
Place of the Sun among the Stars, fince all
the Stars near it are loft in the Sun-Beams?
"T1s anfwered, that wecan fee plainly what
Conftellation or what Stars are upon the Me-
ridian at Midnight, and we know the Stars
whichare exatly opofite to them, and thefe
muft be upon the Meridian (very nearly) the
fame Day at Noon; and thereby we know
that the Sun at Noon is in the midft of ‘them.
So that when you have a Globe at hand on
which the Stars are delineated, you find on
what Degree of any Sign the Sun is in on a
given Day, and fee the Stars around it.

The Sun is reckoned to go through almoft
one Sign every Month or 30 Days, and thus
to finifh the 2247 in 365 Days s Hours and
49 Minutes, 7. ¢. near 6 Hours: So that
the Sun may be fuppofed to move {lowly as
a Snail thro’ almoft one Degree of the Eilis-
#1ck Line every Day from the Weft to the
Eafi, while it is whirl’d round together with
the whole Frame of the Heavens from Eajt
to Weft in aLine parallel to the Equator in
the Time of 24 Hours.

Note, We vulgarly call'the Swn’s diurnal
or daily Path a Parallel to the Equator,

though
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though properly ’tis a Spiral Line, which
the Sun is ever making all the Year long,
gaining one Degree on the Ecliptick daily.
From what has been now faid it appears
plainly that the Equinoctial Line, or Eguator
it felf, is the diurnal Path of the Sun about
the g or 10" of March and the 12% of
September, which are the two oppofite Points
where the Ecliptick or Yearly Path of the
Sun cuts the Equator. = = ‘
And thefe two Days afe-called the Equi-
noftial Days, when the Sun rifes and fets at
{ix a Clock all the World over, (7. e. where it
rifes and fets at all that Day:) and the Day
and Night are every where of .equal Length:
and indeed this is the true Reafon why this
Line is called the Equator or theEquinoctial.
It may not be improper in this Place tore-
mark that thofe ¢ Hours and 49 Minutes,
which the Sun’s Annual Revolution requires
above 365 -Days, will in 4 Years time a-
mount to near a whole Day : Therefore every
fourth Year has 366 Daysin it, -and s called
the Leap-Year. Note, The {fuper-added
Day in that Year is the 29™ of February in
Great-Britain.
I'my b e farther remarked alfo, that the
odd r1 Minutes which in this Account are
wanting Yearly to make up a complete Day
of 24 Hours, are accounted for in the New
Style by leaving out a whole Day once in

135
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133 or 134 Years*. And ’tis the Negle®
of accounting for thefe odd Minutes in the
O!d Style above a thoufand Years backwards,
that has made the Difference between the
Old Style and the New to be at prefent
Eleven Days.

Note, The Zodiack is fancy’d as a broad
Belt {preading about 7 or 8 Degrees on each
Side of the Ecliptick, fo wide as to contain
moft of thofe Stars that make up the 12
Conftellations or Signs.

Note, The inner Edge of the wooden Ho-

‘rizon is divided into 360 Degrees, or 12
times 30, allowing 30 Degrees to everySign
or Conftellation, the Figures of which are
ufually drawn there. '

The next Circle to thefe on the Horizon
contains an Almanack of the O/d Style which
begins the Year eleven Days later ; and the
next Circle is an Almanack of the New Style
which begins fo much fooner ; and thefe
thew in what Sign the Sun is, and in what

* This was contrived to be done by Pope Gregory in the
Year 1582, in this manner. Since thiee times 133 Years
makes near 400 Years, he ordered the additional Day to be
omitted at the end of three Centuries fucceflively, and to
be retai’d at the 400t Year or 4t Century. But in this
Reformation of the Calendar he look’d back no farther than
the Councl of Nice. This Order almoft all Foreign Nations
obfcrved : Great Britain did not obferveit : Therefore Grear-
Britain ues the Old Style or the Fulian Aeccount, fo called
from Fulius Czfar, who regulated thefe Matters above 40
Years before Chrig : The other Nations ufe the New Style,
which is called the Gregorian Account from Pope Gregory.

Degree
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* Degree of that Sign he is every Day inthe Year,
whether you count by the Old Style or the
New. | _

Note, One Side or Edge of the brazen
Meridian is alfo divided into 360 Degrees or
4 times go ; on the upper Semicircle where-
of the Numbers ufually begin to be counted
from the Equator both ways toward the Poles:
‘On the under Semicircle they begin to be
counted from the Poles both ways toward the
Equator for fpecial Ufes, as will afterward ap-
pear. And it fhould be remembred that *tis
this Edge of the Brafs Circle, which is gra-
duated or divided into Degrees, thatis pro-
perly the Meridian Line.

Note, The Equator and the Ecliptick are
called Unchangeable Circles, becaufe where-
foever we Travel or change our Place on the

Earth thefe Circles are {till the {ame.

Skt Lo s
Of the Leffer Circles.
YHE Leffer Circles divide the Globe

into two unequal Parts, and are thefe
four, all parallel to the Equator, (viz.) the
two Tropies and the two Polar Circles.

1. The Tropic of Cancer juft touches the
North Part of the Ecliptick, and defcribes
the Sun’s Path for the longeft Day in Sum-
mer : *Tis drawn at 23 £ Degrees diftance
from the Equator toward the North, And
~ tis
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tis called the Trgpic of Cancer, becaufe the
Sun-enters into that Sign the 11 of Fune,
the longeft Day in the Year.

II. 'The Tropic of Capricorn juft touches
the South Part of the Ecliptick, and defcribes
the Sun’s Path for the fhorteft.Day in the
Winter: *Tis drawn at 23§ Degrees diftance
from ' the Equator toward the Soxzh. And
’tis called the Tropic of Capricorn, becaufe
the Sun enters into that Sign the 11t of
December, the {horteft Day in the Year.

Note, What I {peak of the Sborteft and
longeft Days, relates only to us who dwell
on the North Side of the Globe : Thofe
who dwell on the Sowzh Side have their
longeft Day when the Sun is in Capricors,
and their fhorteft in Cancer.

111, & IV. The North and South Poalzr
Circles are drawn at 231 Degrees of diftance
from each Pole, or, which is all one, at go
Degrees diftance from the contrary Tropic ;
becaufe the Inhabitants under the Polar
Circles juft lofe the Sun under the Horizon
one whole Day at their Midwinter, or when
it is in the utmoft Part of the contrary Side
of the Ecliptick ; and they keep it one
whole Day or 24 Hours above their Hori-
zon at their Midfummer, or when it is in
the neareft Part of their Side of the E-
chiptick, . .

The North PolarCircle is called the Arc-

¢ick Circle, and the South is the Antarctick.
Here
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Here I might mention the Five Zones by
which the Ancients divided the Earth, for
they are a fort of broad Circles : But per-
haps thefe may be as well referr’d to the fol-
lowing Part of this Book.

SaBi CoTars I
Of the Points.

- HE moft remarkable Poinfs in the

. Heavensare thefe twelve or fourteen.

I, & II, are the two Poles of the Earth
or Heavens, (viz.) the North and the South,
which are ever ftedfaft, and round which
the Earth or the Heavens are fuppofed to
turn daily as the Globe does upon thefe Iron
Poles. Thefeare alio the Poles of the Equator,
for they are at go’ Degrees diftance from it.

From one of thefe Poles to the other a
fuppofed Line runs through the Centre of
the Globe of Earth and Heavens, and i§
called the Axis or Axle of the World.

111, & IV, are the Zenith, or Point juft
over our Head ; and the Nadir or the Point
juft under our Feet, which maybe properly
called the two Poles of the Horizon, for they
are go Degrees diftant from it every way.

V, VI, VII, & VIII, are the four Cardi-
nal Points of Eaft, Weft, North and South :
Thefe four Points are in the Horizon which
divide it into four equal Parts. '

Note,
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Note, For the Ufes of Navigation, or
Sailing, each of thefe Quarters of the Hea-
vens, Eaft, Weft, Northand South, are fub-
divided into eight Points, which are called
Rbumbs 5 fo that there are 32 Rbumbs or
Points in the whole, each containing 112
Degrees. Thefe are defcribed on the utmoft
Circle of the Wooden Horizon.

From the NorTH towards the Eaf thefe
Points are named North and by Eaft, North
North-Eaft, North-Eaff and by North,
NorTH-EAsT 5 North-Eaft and by Eaft,
Eqfi-North-Eaft, Eaft and by North, EasT,
&¢. Then from the Eaff toward the Souzh
it proceeds much in the fame manner. 4

The whole Circle of 360 Degrees divided
in this manner iscalled the Mariner’s Compafs,
by which they count from what Point of the
Heavens the Wind blows, and toward what
Point of the Earth they dire¢t their Sailing,
which they call Steering their Courfe. See
Figure 2. -

IX, & X, are the two Solfficial Points :
‘Thefe are the beginning of the Signs Cancer
and Capricorn in the Ecliptick Line, where
the Ecliptick juft touches thofe two Tropics.
Thefe Points thew the Sun’sPlace the longeft
and fhorteft Days, (‘viz.) the 11% of Fune
and the 11 of December.

Note, Thefetwo Days are called the Sum-
mer and Winter Solftices, becaufe the Sun

feems to ftand ftill, 7. . to make the Length
of
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of Days neither increafe nor decreafe fenfibly
for 20 Days together. ‘

X1, and XII, are Ariesand Libra, or the
two Equinoitial Points, where the Ecliptick
cuts the Equator : When the Sun enters
into thefe two Signs, the Days and Nights
are equal all over the World. It enters
Aries in Spring the 10 of March, which
is called the, Vernal Equinox, and Libra in
Autumn the 12 of September, whichis called
the Autumnal Equinox.

Thefe four Points, (viz.) two Equinoctial
and two Solfticial, divide the Eclptick into
the four Quarters of the Year.

Here let it be noted, that the twelve Con-
Jellationsor Signsin the Heavens obtained their
Namesabout twothoufand Yearsago or more;
and at that Time the Stars that make up Arzes
or the Ram were in the Place where the E-
cliptick afcending cuts the Equator; but now
the Conftellation Arzes is moved upward to-
ward thePlace of Cancer near thirty Degrees ;
and fo every Conftellation is moved forward
in the Ecliptick from the Weft toward the
Eaft near thirty Degrees : {o that the Conftel-
lation or Stars that make up the Sign Pi/ces
are now in the Place where Aries was, or
where the Ecliptick cuts the Equator in the
Spring : And the Confteliation /7rgo 1s now
where Libra was, or where the Ecliptick
cuts the Equator in Autumn. So Geminz i3
in the Summer Solftice where Cancer was dt

an
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and Sagittarius in the Winter Solftice where
Capricorn was : And by this means the Sun
is got into the Equinoxes in Pzfces and Virgo,
and is arrived at the Solftices in Gemznz and Sa-
guttarius, 1. e. when ’tis among thofe Stars,

This Alteration is called the Proceffion of
the Equinox, 1. e. of the Equinoctial Signs or
Stars, which feem to be gone forward, 7. e.
from Weft to Eaft ; but fome call it the Re-
troceffion of the Equinox, i.e. of the two E-
quinoctial Points, whichfeemtobe goneback-
Wards, z. e. from Eaft to Weft. 'This comes

o pafs by fome fmall Variation of the Situa-
thﬂ of the Axis of the Earth with regard to
the Axis of the Ecliptick, round which it
moves by a Conical Motion *, and advances
zo Seconds or almoft a Minute of a Degree
every Year, which amounts to one whole
Degree in 72 Years, and will fulfil a com-
plete Revolution in 25920 Years. This Pe-
riod fome have called the Platonical Year,
when fome of the Antients fancy’d all things
thould return into the fame State in which -
they now are.

Yet we call thefe Egzmza&‘zcal and Solf:-
cial Points in the Heaven, and all the Parts
of the Ecliptick by the fame ‘antient Names

* The Axis of the Earth is fuppos'd to be faftned at its
MiddlI€ in the Centre, while both Ends of it, oreach of the
Poles in this Motion defcribesa Circle round each Pole of the
Ecliptic, which is the Bafe of the Cone. The Vertexes of
each of thefe Cones meet in the Centre of the Earth ; and by
this Motion of the Earth, all the fixt Stars feem to be moved
from their former Places in Circles parallel to the Ecliptic.

ftll
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ftill in Aftronomy, and mark them ftill with
the fame Chara&ters (viz.) «, &, o, =, Q,
&c. tho’ the Conftellations themfelves feem
to be removed fo much forward.

XIIT & XIV. Here it may not be im-
proper in the laft place to mention the Poles
of the Ecliptick which are two other Points
mark’d generally in the Celeftial Globe.

If there were an Ax7s thruft through the
Center of the Globe juft at right Angles
with the Plane of the Ecliptick, its Ends or
Poles would be found in the two Polar Cir-
cles. 8o that a quarter of a Circle or 90 De-
grees numbred direétly or perpendicularly
from the Ecliptick Line thew the Poles of
the Ecliptick, and fix thefe two Points thro’

which the two Polar Circles are drawn.

"T1s ufual alfo in Books of this kind to
mention two great Circles called Colures
drawn {ometimes on the Celeftial Globe
through the Poles of the World, one of
which cutting the Ecliptick in the two Sol-
fticial Points is called the Solficial Colure
the other cutting it in the Equino&ial Points
is called the Eguinoitial Colure, but they
are not of much ufe for any common Pur-
pofes or Practices that relate to the Globe,

I think it may not be amifs before we
proceed farther to let the Learner fee a Re-
prefentation of all the foregoing Circles and
Points on the Globe, juft as they ftand in
' C oRF
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our Horizon at London, and fo far as they
can be reprefented on a flat Surface, and in
{trait Lines.

Let the North Pole be raifed above the
North' part of the Horizon s1i Degrees
which are numbred on the brazen Merid;i-
an, then let the Globe be placed at fuch a
diffance as to make the Convexity infenfible,
and appear as a flat or plain Surface, and
let the Eye of the Spe&ator be juft level and
oppofite to ¢, which reprefents the Eaff
Point of the Horizon; then the Globe and
the Circles on it will appear nearly as repre-
fented in Figure II1.

The large Circle divided by every 5 De-
grees reprefents the Meridian, the reft of
the larger and the lefler Clrcles are there
named, -together with the Norzh and South
Poles. 7 1s the Zenith of London, N :the
Nadir, H the South Point of the Horizon,
O the North Point, C the Eaft and Weft
Points, S the Summer Solftice, W the Winter
Solftice, a the Ecliptick’s North Pole, e the
Ecliptick’s South Pole. . The two Equinoctial
Points are reprefented by C, fuppofing one
to be on this Side, t’other on the oppofite
Side of the Globe.

If you would have the two Colures repre~
fented here in this Figure, you muft fuppofe
the Meridian to be the So//fzczal Colure, and
the Axis of the World to reprefent the E-
guinocizal Colure. Note,
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Note, This Reprefentation or Projection
of the Sphere in ftrait Lines is ufually cel-
led the dnalemma. See how to project it or
to erect this Scheme; Sec?. XX, Probl, XV.
Fig, XXIIL.

5 R S8 e

Of Longitude and Latitude on the Earthly
Globe, and of different Climates.

‘HE various parts of the Earth and
Heavens bear various Relations both
to one another, and to thefe {cveral Points
and Circles, which have been defcribed.
Firft, The Earth fhall be confidered here.
Every part of the Earth is {fuppofed to
have a Meridian Line pafling over its Zenith
from North to South through the Poles of
the World. ’Tis called the Meridian Line
of that Place, becaufe the Sun is on it at
Noon.
That Meridian Line which paffes through
Fero, one of the Canary-Ifiands, has been
ufually agreed upon by Geographers as a
firft Meridian, from which the reft are coun-
ted by the number of Degrees on the Equa~
tor. Others have placed their fir/t Meridian
in Tenariff another of the Canary Iflandsy
which is two Degrees more to the Eaft, but
all this is matter of Choice and Cuftom,

not of Neceflity. _
Cz2 The
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The Longitude of a Place is its Diffance
Jrom the firft Meridian foward the Eaft mea-
Jured by the Degrees upon the Equator. So
the Longitude of London is about 20 De-
grees, counting the firft Meridian at Fero.

Note, In Englifb Globes or Maps f{ome-
times the Longitude is computed from the
Meridian of London, in French Maps from
Paris, &c. for it being purely arbitrary
where to fix a _firff Meridian, Mariners and
Map-makers determine this according to
their Inclination. When only the Word
Longitude is mentioned in general, it always
means the Diftance eaftward; but fometimes
we mention the Longitude weflward as well
as eaftward, 1. e. from London, or Paris, &c.
efpecially in Maps of particular Countries.

By the Meridian Circles on a Map or
Globe the Eye is diretted to the true Longi-
tude of any Place according to the Degrees
marked on the Equator: And upon this
Account the Meridians are fometimes called
Lines of Longitude.

The Latitude of a Place is its Diffance
from the Equator toward the North or South
Pole meafured by the Degrees on the Meri-
dian. So the Latitude of London is 51 De-
grees 32 Minutes, that is, about s1Z.

A Place 1s faid to have North Latitude or
Bouth Latitude according as it lies toward
the North Pole or South Pole in its diftance

from
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from the Equator.  So London has 51: De-
grees of North Latitude.

The Elevation of the Pole in any particu-
lar Place is the Dyjlance of the Pole above the
Horizon of that Place meafured by the De-
grees on the Meridian, and is exa&ly equal
to the Latitude of that Place: For the Pole
of the World or of the Equator is juft fo
far diftant from the Horizon as the Zenith
of the Place (which is the Pole of the Ho-
rizon) is diftant from the Eguator. For
which Reafon the Latitude of the Place or
the Elevation of the Pole are ufed promifcu-
oully for the fame thing.

"The truth of this Obfervation, (w7z.) that
the Latitude of the Place and the Poles Ele-
vation are equal, may be proved feveral
Ways; I'll mention but thefe two. See
Figure IV,

Let HCO be the Horizon, Z the Zenith,
or the Point over London, EZ the Latitude
of London g¢13, PO the Elevation of the
North Pole above the Horizon. Now that
EZ is equal to PO is proved thus,

Demonfirationl. The Arch ZP added
to EZ makes a Quadrant, (for the Pole is
always at go Degrees diftance from the E-
quator.) And the Arch ZP added to PO
makes a Quadrant, (for the Zenith is always
at go Degrees Diftance from the Horizon.)
Now if the Arch ZP added either to EZ

C3 or
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or to PO completes a Quadrant, then EZ
mutft be equal to PO.

Demonfiration 11. The Latitude EZ muft
be the fame with the Poles Elevation PO
For * the Complement of the Latitude, or
the Height of the Equator above the Hori-
zon EH is equal to the Complement of
the Poles Elevation PZ. 1 prove it thus.
The Equator and the Pole ftanding at right
Angles as ECP, they complete a Quadrant,
or include go DegreeS° Then if you take
the Quadrant ECP out of the Semicircle,
there remains PO the elevated Pole, and
EH the Complement of the Latitude, Wthh
complete another Quadrant. Now if the
Complement of the Latitude added to the
Elevation of the Pole will make a Quadrant,
then the Complement of the Latitude is e-
qual to the Complement of the Poles Ele-
vation, and therefore the Latitude is equal
to the Poles Elevation ; for where the Com-
plements of any two Arches are equal, the
Arches themfelves muft alfo be equal.

% Note, The Complement ofany Arch or Angle urder go De-
grees denotes fuch a Number of [ Degrees s 1s fufficient to make
up go, as the Complement of co 1 "Phrebs is 40 Degrees, and
the Complement of - 1% Deg reev is 382 Degrees. And fo the
Complement of the Sine or T'angen- of any Arch is called the
Co-fine or Co-tangent : So alfo in Aftronc omy and Geography
we ufe the Words Co- latitude, Co-gltitude, Ca-declination, &c.
for the C(vnplement of the Latnude, Alti tude, or Declinati-
on, of which Words mere will be more frequent ufe among

‘16 Problems.
As
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As every Place is fuppofed to have its pro-
per Meridian or Line of Longitude, {o every
Place has its proper Line of Latitude which
is a parallel to the Equator. By thefe Paral-
lels the Eye is direGted to the Degree of the
Latitude of the Place marked on the Meri-
dian, either on Globes or Maps.

By the Longitude and Latitude being gi-
ven you may find where to fix any Place, or
where to find it in any Globe or Map: For
where thofe two fuppofed Lines, (viz.) the
Line of Longitude and Parailel of Latitude
crofs each other, is the Place enquired. So
if you feek the Longitude from Fero 20 De-
orees, and the Latitude 513 Degrees, they
will thew the Point where London ftands.

Thofe Parallels of Latitude which are
drawn at fuch Diftances from each other
nearer and nearer to the Poles, as determine
the longeft Days and longeft Nights of the In-
habitants to be half an Hour longer or thorter,
include fo many diftin& Climates, which are
proportionally hotter or colder according
to their Diftance from the Equator. Tho’
it muft be own’d that we generally ufe the
Word Climate in a more indeterminate Senfe,
to fignify a Cousitry lying nearer or farther
from the Equator, and confequently hotter
or colder, without the precife Idea of its
longeft Day being juft half an Hour fhorter

or longer than in the next Country to it.
Cy "The
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The Latitude is never counted beyond
go Degrees, becaufe that is the Diftance
trom the Equator to the Pole: The Longitude
arifes to any Number of Degrees under 360,
becaufe it 1s counted all round the Globe.

If you travel never {o far direétly towards
Eaqfi or Weft your Latitude is ftill the fame,
but Longirude alters: If dire@ly toward
North or Seuth, your Longitude is the fame,
but Latitude alters. 1If you go obliquely,
then you change both your Longitude and
Latitude. |

The Latitude of @ Place, or the Eleva~
tion of the Pole above the Horizon of that
Place, regards only the diffance Northward
or Southward, and is very eafy to be deter-
min’d by the Sun or Stars with certainty, as
Set. XX. Prob. VII, and IX. becaufe, when
they are upon the Meridian they keep a re-
gular and known Diftance from the Horizon,
as well as obferve their certain and regular
Diftances from the Eguator, and from thé
two Poles; as fhall be fhewn hereafter :
So that either by the Sun or Stars (when you
travel Northward or Southward) it may be
found precifely how much your Lasitude
alters. ‘

But it is exceeding difficult to determine
what is the Longitude of a Place, or the
Diftance of any two Places from each other
Eaftward or Weflward by the Sun or Stars,

becaufe
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becaufe they are always moving round from
Eaft to Weft.

The Longitude of a Place has been there-
fore ufually found out and determin’d by
meafuring the Diftance travelled on the
Earth or Sea, from the e/t toward the

Eaft, fuppoﬁng you know the Longitude
of the Place whence you fetout.

S i1 To. Mk
Of Right Afcenfion, Declination, and Hour

Czrcles

AVING confider’d what refpe&t the
I partsof the Earth bear to thefe arti-
ficial Lines on the Globe, we come, fecondly,
to furvey the feveral Relations that the parts
of the Heavens, the Sun or the Stars, bear
to thefe feveral imaginary Points and artifi-
cial Lines or Circles.

The Right Afcenfion of the Sun or any
Star is its diflance from that Meridian which
paffes thro the Point Aries, counted toward
the Eaft, and meafured on the Equator ; ’tis
the fame Thing with Longitude on the Earth-
ly Globe.

The Hour of the Sun or any Star is
reckon’d alfo by the Divifions of the Equa-
tor ; but the Hour differs from the Right
Afcenfion chiefly in this, (viz.) The Right
Afcenfion is reckon’d from that Meridian

which
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which paffes through Aries; the Hour is
reckon’d on the Earthly Globe from that
Meridian which paffes through the Town o
City required ; or it is reckon’d on the hea-
venly Globe from that Meridian which
pafles thro’ the Sun’s Place in the Ecliptick,
and which, when it is brought to the Brazen
Meridian, reprefents Noon that Day.

There is alfo this Difference. The Right
Afcenfion is often computed by fingle De-
grees all round the Equator, and proceeds
to 360 : The Hour is counted by every 1¢

egrees from the Meridian of Noon, or of
Midnight, and proceeds in Number to 12,
and then begins again: Tho’ fometimes the
Right Afcenfion is computed by Hours alfo
inftead of Degrees, but proceeds to 24.
So the Sun’s Right Afcenfion the 10t of
May 15 59 Degrees, or as fometimes ’tis
called, 3 Hours and 6 Minutes.

The fame Lines which are called Lines
of Longitude or Meridians on the Earth are
called Hour Circles on the heavenly Globe,
if they be drawn through the Poles of the
World at every 15 Degrees on the Equator,
for then they will divide the 360 Parts or
Degrees into 24 Hours,

Note, As 15 Degrees make one Hour, {o
‘15 Minutes of a Degree make one Minute
in Time, and one whole Degree makes four
Minutes in Time.

ks Note,
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Note, Degrees are marked fometimes with
(¢) or with a fmall Circle (°), Minutes of De=
grees with a Dath (), Seconds of Minutes
with a double Dath ("), Hours with (*), Mi-
nutes of Hours fometimes with (®) and fome-
times a Dath: Seconds with a double Dafh.

- By thefe Meridians or Hour-Lines crofling
the Equator on the heavenly Globe, the Eye
is directed to the true Hour, or the Degree
of Right Afcenfion on the Equator, tho’ the
Sun or Star may be far from the Equator.

By thefe you may alfo compute on the
Earthly Globe what Hour it is at any Place
in the World, by having the true Hour gi-
ven atany other Place, and by changing the
Degrees of their Difference of Longitude
into Hours.

But fince feveral Queftions or Problems
that relate to the Hour, cannot be {fo com-
modioufly refolved by thefe few Meridzaris
or Hour-Lines, becaufe every Place on the
Earth has its proper Meridian where the Sun
is at 12 aClock, thercfore there is a Brafs
Dial-plate fixed at the North-pole in the
Globe, whofe 24 Hours do exaltly anfier
the 24 Hour Circles which might be drawn
on the Globe: Now the Dial being fixed,
and the Pointer being moveable, this an-
fwers all the Purpofes of having an infinite
Number of Hour Circles drawn on the
Globe, and fitted to every Spoton the Hea-

vens
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vens or the Earth.  For the Pointer or Jiy-
dex may be fet to 12 a Clock, when the
Sun’s true Place in the Heavens, or when
any Place on the Earth is brought to the
Brafs-Meridian, and thus the Giobe moving
round with the Index naturally reprefents,
and fhews by the Dial-plate the 24 Hours
of any Day in the Year, or in any parti-
cular Town or City,

Note, 'The upper 12a Clock is the Hour
of Noon, the lower 12 is the Midnight Hour,
when the Globe is fixed for any particular
Latitude where there are Days and Nights.

The Declination of the Sun or Stars is
their Diflance from the Equator toward the
North or South Pole, meafured on the Meri-
dian ; and ’tis the fame thing with Latitude
on the Earthly Globe.

Note, The Sun in the vernal or autum-
nal Equinoxes, and the Stars that are juft
on the Equator have no Declination. _

Parallels of Declination are Lines parallel
to the Equator, the fame as the Parallels o
Latitude on the Earthly Globe. 1In the
Heavens they may be fuppofed to be drawn
thro’ each Degree of the Meridian, and thus
thew the Declination of all the Stars; or
they may be drawn thro’ every Degree of
the Ecliptick, and thus reprefent the Swun’s
Pathevery Dayin the Year. Thefe parallel
Lines alfo would lead the Eye to the Degree

of
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of the Sun’s or any particular Stars Dec/-
nation marked on the Meridian,

The Declination is called North or South
Declination according as the Sun or Star lies
Northward or Southward from the Equator.

Obferve here, thatas any Place, Town, or
City on Earth is found determin’d by the
Parallel of i1ts Latitude crofling its Line of
Longitude ; {o the proper Place of the Sun or
Star in the Heavens is found and determin’d
by the Point where its Parallel of Declination
crofles its Meridian or Line of Right Afcen-

Jion; which indeed are but the felf fame
things on both the Globes, tho’ Aftronomers
have happened to give them different Names.

Note, The Sun’s utmoft Declination North-
ward in our Summer is but 23z Degrees ;
and ’tis juft fo much Southward in our Win-
ter ; for then he returns again : There the
Tropics are placed which defcribe the Path
of the Sun when fartheft from the Equator,
at Midfummer, or Midwinter: Thefe two
Tropics are his Parallels of Declination on
the longeft and fhorteft Day,

While the Sun gains go Degrees on the
Ecliptick, (which is an oblique Circle) in a
quarter of a Year, itgains but 23 £ Degrees
of direct Diftance from the Eguaror meafur’d
on the Meridion ; this appears evident on

the Globe, and may be reprefented thus in
Fig. V.,
Let
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- Let the Semicircle «+ P = be the Meri+
dian of the Northern Hemi{phere, the Line
«r C = be the Equator, orthe Sun’s Path at
Aries and Libra, the Arch « = -~ the E-
cliptick, the Line T = O the Summer Tro-
pic; the Line ¢ e the Sun’s Path when it enters
‘Gemini and Leo, the Line zs the Sun’s Path
“when it enters Taurus and Firgo : Then it
will appear that in moving from « to ¥ the
‘Sun gains 30 Deg. in the Ec/iptick; inabouta
Month, and at the fame time 12 Deg. of
Declination, viz. from « to n. Then mov=
ing from ¥ to = 1n a Month more it gains
30 Deg. on the Ecliptick, and 8 i Deg. of
Declination, viz. fromntoa. 'Then again
from n to = in a Month more it gains 30
Deg. on the Ecliptick, and but 3 i Deg. of
Declination, viz. from a to T. 1 might
alfo fhew the fame difference between its
Declination and its Motion on the Ecliptick
in its Defcentfrom = to &, m, and -.

By drawing another Scheme of the fame
kind below the Line v C =, we might repre~
fent the Sun’s Defcent towards the Winter
Solftice, and its return again to the Spring
and | thereby fhew the fame differences be-
tween the Sun’s Declination and its Motion on

‘the Eliptick inthe Winter half-year asthepre-
fent Scheme thews in the Summer half-year.

Hereby it is evident how it comes to pafs,
that the Sun’s Declination alters near half a

Pegree
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Degree every Day juft about the Eguinoxes;
but it fcarce alters fo much in 10 or 12
Days on each fide of the So/ffices : . And this
fhews the Reafon why the Length of Days
and Nights changes fo faft in March-and
September, and {o exceeding flowly in Fune
and December : For according to ‘the ;In-
creafe of the Sun’s Declination in Summet,
its Semidiurnal Arc * will be larger, and
confequently it muft be fo much longer be-
fore it comes to its full Height at Noon,
and it ftays fo much longer above the Hori-
zon before it fets,

Thus while the Sun’s Declination increafes
or decreafes by flow degrees,, the Length of
the Days muft increafe and decreafe but
very flowly ; and when the Sun’s Declina-
tion increafes and decreafes f{wiftly, fo alfo
muft the Length of the Days : All which are
very naturally and eafily reprefented by the
Globe,

| SHESE A T

Of Longitude and Latitude on the Heavenly
Globe, and of the Nodes and Eclipfes of
the Planets. ’

T HE Longitude and Latitude in Aftro-

nomy are quite different things from

* The Diurnal Arec is that part of the Circle or Parallel of
Declination which is above the Horszon ; and the half of that
past is €all’d the Semidiurnal dre,

Longi=
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Longitude and Latitude in Geography, which
isreadytocreate fome Confufionto Learners.
The Longitude of the Sun or any Star
is its Difiance from the Point Aries eaffward,
meafur’d on the Ecliptick. 'This is a fhort
way of defcribing it, and agrees perfeétly
‘to the Sun: But in Truth a Star’s Longztude
75 its Diflance eaftward from a great Arch
drawn perpendicular fo the Ecliptick thro> the
Point Aries, and meafur’d on the Ecliptick.
We do not fo ufually talk of the Sun’s
Longitude, becaule we call it hzs Place i the
Ecliptick, reckoning it no farther backward
than from the beginning of the Sign in
which he is.  Sothe 24™ Day of Fune, we
fay the Sun is in‘the 14 Deg. of Cancer,
and not 1n the ro4™ Deg. of Longirude.
'The Latitude of a Star or Planet is' its
Dijfiance from: the Ecliptick, meafur’d by an
Arch, drawn ihro’ that Star perpendicular
o the Ecliptick. :
Longitude and Latitude on the Heavenly
Globe bear exaltly the fume Relation to the
Eciptick as they do on the Earthly Globe
to the Eguator. Ac the Lguater is the Line
Jrom which the Latitude is counted, and
en which tc Longiiude is counted on the
Earthly Globe, fo the Eciptick is the Line
Jrom which the Latitude, and on-which the
Longitude zrc counted on the Heavenly
: lobe, ;

And
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And thusthe Lznes of Latitude in the Hea-
venly Globe are all fuppofed Parallels to the
Ecliptick, and the Lines of Longitude cut the
Ecliptick at right Angles, and all meet in
the Poles of the Ecliptick, bearing the fame
Relation to it as on the Earthly Globe they
do to the Equator,

The Latitude of a Star or Planet is called
Northern or Southern as it lies on the North
or South fide of the Ecliptick.

The Sun has no Latitude, becaufe it i
always in the Ecliptick. This Relation of
Latitude therefore chiefly concerns the Pla-
nets and the Stars,

'The Fix’d Stars as well as the Planets have
their various Longitudes and Latitudes; and
their particular Place in the Heavens muy
be affign’d and determin’d thereby, as well
as by their Right Afcenfion and Declination
which I mentioned before ; and Aftronomers
ufe this Method to fix exaétly the Place of a
Star *. But I think it is eafier for a Learner
to find a Star’s Place by its Declination, and
Right Afcenfion ; and the common Aftrono-

* Aftronomers know that not only the 12 Conflellations of
thé Zodiac, but alfo all the Fix’d Stars {eem to move from the
Wetit toward the Eaft about 0" in a Year, orone Degree in
72 Years, in Circles par:llel to the Ecliptick. 'Therefore their
Declination is a little alter’d in 72 Years time, that being mea-
{ured from the Equator : Buttheir Latitude never alters, that
being meafured from the £ cliptick : And upon this Account
Aftronomers ufe the Latitude rather than the Declination in
sheir Mealures, becaufe it abides the fame for ever.

D imical
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mical Problems feem to be {olv’d more na-
turally and eafily by this Method.

It may be here mentioned, tho’ tis before
its proper Place, that the feveral Planets, vzz.
Saturn, Fupiter, Mars, Venus, Mercury,
and the Moon make their Revolutions at
very different Diftances from the Earth,
from the Sun, and from one another ; each
having its diftin¢t Orbit or Path nearer or
farther from us.  And as each of their Orbits
is at vaftly different Diftances, fo neither are
they perfectly parallel to one another, nor
to the Ecliptick or yearly Path of the Sun.

- Thence it follows. that thefe Planets have
fome more, fome lefs Latitude, becaufe their
Orbits or Paths differ fome few Degrees from
the Sun’s Path, and .interfet or crofs the
Ecliptick, at two oppofite Points in certain
fmall Angles of two, three, four or five
Degrees, which Pointsare called the Nodes.

The Node where any Planet crofles the
Ecliptick afcending to the Northward is
called the Dragon’s Head, and marked thus
2. Where the Planet crofies the Ecliptick.
defcending to the Southward, ’tis call’d the
Dragor’s Tail, and marked thus .

’T'is very difficult to reprefent the Lat7-
tude of the Planets in their different Orbits
ci ‘her upon a Globe, orupon a flat or plain
Surface ; the beft Way that I know s, to take

two {fmall Hoops of different Sizes, as in Fig.
XI.-
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XI. and thruft a ftrait Wire ¢ 0 thro’ them
both in the two oppofite parts of their Cir-
cumference : Then turn the innermoft Hoop
(which may reprefent the Path of the
Moon) fo far afide or obliquely asto make an
Angle of 5 i Degrees with the outermoft
Hoop, (which reprefents the Swn’s Path.)
Thus the two Points ¢ and o or @ and ®
where the Wire joins the Hoops, are the two
Nodes or the Points of Interfetion.

This Difference of Orbits of the Planets
and their Interfections or Nodes, may be re-
prefented alfo by two circular Pieces of Paft-
board as in Fig. XII. When the lefs (whofe
Edge reprefents the Moon’s Orbit) is put half
way thro’a flit A B, that is made in the Dia-
meter of the larger (or the Sun’s Orbit,) and
- then brought up near to a parallel or level
with the larger within ¢ # Degrees. Thus the
two Nodes will be reprefented by A and B.

If the Moon’s Path and the Sun’s were pre-
cifely the fame, or parallel Circles in the
fame Plane, then at every New Moon the
Sun would be eclipfed by the Moon’s coming
between the Earth and the Sun: And at
every Full Moon the Moon would be eclipfed
by the Earth’s coming between the Sun and
the Moon. But fince the Planes of their
Orbits or Paths are different, and make
Angles with each other, there cannot be
Eclipfes but in or near the Place where the

D2 Planes
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Planes of their Orbits or Paths interfeét or
crofs each other.

In or very near thefe Nodes, therefore, is
the only Place where the Earth or Moon can
hide the Sun or any Part of it from each
other, and caufe an Eclpfe either total or
partial : And for thefe Reafons the Orbit or
Path of the Sun is called the Ec/ptick.

The Eclipfes of other Planets, or of any
part of the Sun by their Interpofition, are
{fo very inconfiderable as deferve not our
prefent Notice.

S eyl TVAITL

Of Altitude, Azimuth, Amplitude, and
various Rifings and Settings of the Sun
and Stars.

HE Altitude of the Sun or Star is its
Height above the Horizon, meafured
by the Degrees on the Quadrant of Altitudes.

As the Height of the Sun at Noon is
called its Meridian Altitude, or its Culmina-
ting, fo the Height of the Sun in the Eaft
or Weftis fometimes called its Vertical Alti-
fude.

The Quadrant of Altitudes is a thin La-
bel of Brafs, with a Nut and Skrew at the
End of it, whereby ’tis faftened to the Me-
ridian at the Zenith of any Place; now by
bending this down to the Horizon, you find

the



Se&. 8. Geography and Aftronomy. 10

the Altitude of any Star or Point in the Hea-
vens, becaufe the Label is divided into go
Deg. counting from the Horizon upward.
Circles parallel to the Horizon, fuppofed
to be drawn round the Globe, thro’ every
‘Degree of the Quadrant of Altitudes lefs
‘and lefs till they come to a Point in the
Zenith, are called Parallels of Altitude, or
{fometimes in the old Arabick name, Alm:-
cantars. But thefe can never be attually
“drawn on the Globe, becaufe the Horizon
and Zenith are infinitely variable, accord-
ing to the different Latitudes of Places. In
the VI*® Figure, fuppofe Z to be the Zenith,
N the Nadir, HR the Horizon, and the ftrait
Lines 2 4, f g, % m, will reprefent the Pa-
rallels of Altitude.
~ Note, The Sun being always higheft on
the Meridian, or at Noon, it defcends in an
Arch towards the Horizon in order to fez,
by the fame Degrees by which it afcended
from the Horizon after its r7fing.  Stars and
Planets 77/e and fer, and come to the Meri-
dian at all different Hours of the Day or
Night according to the various Seafons of
the Year, or according to the Signs in which
the Planets are. ‘
As the Word Altitude is ufed to fignifs
the Height of the Sun or Star above the Ho-
rizon, {o the Depreffion of the Sun or Star is

1ts Diftance from or below the Horizon.
D 3 The
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The Azimuth of the Sun or Star is its
Diftance from any of the four Cardinal
Points, Eaft, Weft, Northand South, meqg-
Sured by the Degrees of the Horizon.

Note, When we fpeak of the Surn’s Azi-
muth in general, we ufually mean his D7~
ftance from the South : But when his Diftance
from the North, Eaft, or Weft is intended,
we fay, his Azimuth from the North, the
Eaft, or the Wef. _

Great Circles cutting every Degree of the
Horizon at Right Angles, and meeting in
the Zenith and Nadir are called Azimuthal
or Vertical Gircles. 'They dire@ the Eye to
the Point of the Sun or Star’s Azimuth on
the Horizon, tho’ the Sun or Star may be
far above, or below the Horizon,

Note, Vertical Circles are the fame with,
Regard to the Zenith, Nadir, and the Ho-
rizon, as Meridians or Hour Circles are with
Regard to the two Poles of the World and
the Equator, But thefe Vertical Circles can
never be actually drawn on a Globe, becaufe
the Zenith, Nadir, and Horizon are ever
variable. See them reprefented Fig. VI. by
theLinesZHN, ZaN, ZeN, &e, fup-
pofing HR to be the Horizon.

Note, The RQuadrant of Altitudes being
moveable when one End of it is faftened at
the Zenith, the graduated Edge of it may
be laid over the place of the Sun or Star,

and
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and brought down to the Horizon; then it
- reprefents any Azimuth or Vertical Circle, in
“which the Sun or Star is; and thus it thews

the Degree of its Azimuth on the Horizon,

" Note, The Azimuth of the Sun or Star

from the Eaff or Weft Points of the Horizon

at its rifing or fetting, is called its Amplitude.
. Note, The Sun is always in the South at
Noon, or 12 2-Clock, and in the North at

Midnight, viz. in Europe and all Places on
this fide of the Equator. But ’tis not at the
 Baft or Weft at fix a-Clock any other Day

in the Year befides the two Equinoctial Days,

as will eafily appear in an oblique Pojition of
the Sphere, (of which fee the next Section)
-and efpecially in the laft Setion where the
Analemma {hall be more fully defcribed.
Yet the Relation which the Parallels of

Altitude bear to the Vertical Circles, and
which thefe Vertical or Azimuthal Circles

bear to the Meridians or Hour-Circles may

be reprefented to the Eye in Fig. VI, and VII.

In Fig. VI. Suppofe the outermoft Circle
‘be the Meridian, HR the Horizon, Z the

Zenith, N the Nadir; thends, fg, &m,

will be Parallels of Altitude: And Z a N,

Z e N, ZoN, ZCN, &c. will be Vertical

Circles, or Circles of Azimuth crofling the

others at Right Angles.

Thus ZCN is the vertical Circle of Eaft

or Wet, And in this Scheme sz or f H
- s will
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will be the Arc of the Altitude of the Otars,
and H « will be its A=/muth from the Me-
ridian; and C2 will be its Azimuth from
the Eaft or Weft, , :
But if the Line HR be fuppofed to re-
prefent the Equator, then Z and N will be
the two Poles of the World, and then 44,
' J & &c. will be Parallels of Latitude on
Earth, or Parallels of Declination in the
Heavens. Then alfo the Arches ZHN,
ZaN, ZeN, ZoN, ZCN, will be Me-
vidians, or Lines of Longitude on Earth, and
Hour Circles in the Heavens, |
In Figure VII. Let the outmoft Circle
be the Meridian, HR the Horizon, Z the
Zenith, N the Nadir, EQ_the Equator, PL
the Axis of the World, or rather the two
Poles, North and South; then ZH N,
ZaN; ZeN, ZCN will be Circles of Az
muth, s REL v Pol, Pl PCL,: &0,
will be Hour Circles, W)
And in this Pofition the Star s will have
T's, 7.e. equal to E o for its Hour from Noon
or the Meridian; but its Azimuth from
Noon or the South or Meridian will be H e,
Or if you reckon its Azimuth from the Eaft
or Weft Vertical (which is ZCN ) it will be
found to be C e, while its Hour reckoned
from P 6 CL (which is the Six a-Clock
Hour-Line) will be found to be 65 o C 0.

Thus
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Thus it will appear how the Hour of the
Sun differs from its A=zzmuth, and that both
of them are number’d, or counted from the
Meridian PZEHLN ; yet they do not by
any means keep equal Pace with one an-
other, one being number’d along the Equa-
for EQ_, the other number’d along the Ho-
rizon HR. , ' A

Thus you fee moft evidently that if you
fuppofe the Sun s * to be in the Tropic of
Cancer reprefented by the Line T =, the
difference between the Hour and Azzimuth
will appear to be very great; and that the
Sun’s Azimuth from Noon H ¢ increafes a
great deal fafter than his Howr T s doth in
the middle of Summer. And if another Line
K » were drawn to reprefent the Tropic of
Capricorn, the Sun’s Azimuth from Noon
will appear to increafe a great deal flower
than his Hours do in the middle of Winter.

I think it thould not utterly be omitted
here what is mentioned in almoft all Wri-~
tings of this kind, (wrz.) that a Star is faid
to 7ife or fet Cofimically when it rifes or {ets
at Sun-rifing.

"Tis faid to rife or fer Achronically if it
rife or fet at Sun-fetting.

A Star is faid to rife Heliacally when it
1s juflt come to fuch a Diftance from the Sun
as that ’tis no longer hid by the Sun-Beams.
And it is faid to fez Heliacally when the Sun

approaches
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approaches {o near to it as that it begins to
difappear from our Sight being hid by the
Beams of the Sun. -

The Fix’d Stars and the three Superior
Planets, Mars, TFupiter, and Saturn, rife
Heliacally in the Morning, but the Mooz in
the Evening ; for ’tis in the Evening the
New Moon firft appears, coming from her
‘Conjunction with the Sun.

Note, This fort of Rifing and Setting of
the Stars is alfo called Poetical; becaufe the
Ancient Poets frequently mention it.

5 EC. TONX;

Of the Inbabitants of the Earth according to
the Pofitions of the Sphere, the Zones, &e.

N order to make the Doctrine of the

Sphere or Globe yet more plain and in-
telligible, let us confider the Inbabitants of
the feveral parts of the World, who may
be diftinguifthed three Ways, (1.) According
to the various Pofitions of the Globe. (2.)
According to the five Zones. (3.) In Rela-
tion to one another.
 Firfl, Let us confider them according to
- the various Pofitions of the Globe or Sphere,

which are either Direct, Parallel, or Obligue.
~~ Thefe three Pofitions of the Sphere are
reprefented in Figure VIII, IX, X, in each

of which the outmoft Circle is the Meridian,
HR
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HR is the Horizon, EQ_the Egquator, =
v the Ecliptick, SN the Axis of the World,
N the North Pole, S the South, ZD the
Vertical Circle of Eaft and Weft, Z the Ze-
nith, D the Nadir, = A the Tropic of Can-
cer, C vs the Tropic of Capricorn. 'The va-
rious Pofition of thefe Lines or Circles will
appear by the following Defcriptions.

1. A Direét or Right Sphere Fig. VIIL is
when the Poles of the World are in the Ho-
rizon, and the Equator pafles through the
Zenith » This is the Cafe of thofe who live
dire&tly under the Lize or Equator.

Here the Inhabitants have no Latitude,
no Elevation of the Pole: The North or
South Poles being in the Horizon they may
very nearly fee them both.

All the Stars do once in twenty four
Hours rife and fet with them, and all at right
Angles with the Horzzon.

The Sun alfo, in whatfoever Parallel of
Declnation he is, rifes and fets at right An-
gles with the Horizon ; their Days and
Nights therefore are always equal, becaufe
the Horizon exa®ly cuts the Sun’s Diurnal
Circles in Halves.

'They havetwo Summersevery Year, ( v1%.)
when the Sun is in or near the two Egui-
noftial Points, for then he is juft over their
Heads at Noon and darts his {trongeft Beams.
And they have two Winters, (‘vzz.) when

i the
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the Sun is in or near the Tropics of Cancer
and Capricorn; for then the Sun is fartheft
diftant from them, though even then it is
nearer than ’tis to us in England at Mid-
Jummet. :

II. A Perallel Sphere, Fig. IX. is where
the Poles of the World are in the Zenith and
Nadir : And the Eguator is in the Horizon,

Now if there were any Inhabitants. thus
dire@ly under the North and South Poles,
they would have only one Day of fix Months
long, and one Night of fix Months, in a whole
Year, according as the Sun is on this or the
other Side of the Eguator ; for the Sun mo-
ving {lowly in the Ec/iptick on the North
fide of the Equator half a Year, would be all
that time above the Horizon to the Inhabi-
tants at the North Pole, tho’ it went round
them daily: And the Sun moving in the
Ecliptick on the South fide of the Equator
“half a Year, would be below their Horizon
all that Time. The fame might be faid con-
cerning the Inhabitants of the Souzh Pole.

The two Equinoctial Days, or when the
Sun is in the Points Aries, or Libra, the
Day and Night are equal all the World
over; and this is true in a Senfe to thofe
who live under the Poles ; for the Centre of
the Sun is in their Horizon. 'Thus half the
Sun is above their Horizon, and half below
it for 24 Hours together.

Thus,
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Thus, though the Polar Inhabitants begin
to lofe the Sun at the Awtumnal Equinox,
they are not in utter Darknefs all the Time
of the Sun’s Abfence: For the Twilight lafts
till tne Sun is 18 Degrees below their Horzzon,
and that is till he has 18 Degrees of Declina-
t7on. 'The Inhabitants of the North Pole
are therefore without the Twilight only
from the 28 of November till the 18*% of
Fanuavy.

Let it be noted alfo that the Refraction of
the Rays through the thick Air or Atmo-
fphere makes the Sun appear above their
Hyrizon {everal Days fooner, and difappear
feveral Days later, than otherwife it would
do. Itmay be added in favour of their Ha-
bitation too, that the Moon when fhe is
brighteft, (v7z.) from the firft Quarter to
the laft, does not {fet during their middle of
Winter : For in that Part of her Month the
is moft oppofite to the Sun, and is therefore
in that Part of the Heavens which is moft
diftant from the Sun while he never rifes,

The Parallels of the Sun’s Declination in
this Pofition of the Sphere are all parallel
to the Horizon 3 and are the fame with the
Parallels of his A/titude, and therefore his
bigheft Altitude with them can never exceed:
23 3 Degrees.

The Stars that they could fec would be
always the fame, making perpetual Revo-

lutions
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lutionis round them, and never fet nor rife,
nor be higher or lower. And the Planets
during half their Periods will be above
their Horizon, as Saturn 15 Years, Yupiter
6, Mars 1, &e. .

IIL. An Oligue Sphere, Fig. X. is where
the Latitude or Elevation of the Pole is at
any Number of Degreeslefs than go. There-
fore all the.Inhabitants of the Earth (except
under the Eguator and the Poles) have an’
Obligue Sphere.

Here the Eguator and all the Parallels of
Declination cut the Horizon obliquely, there-
fore the Sun and Stars alwaysirife and fet at,
oblique Angles with the Hor7zon. |

As one Pole of the World is always in,
their View, and the other is never feen, {o!
there are fome Stars which never fet, and!
others which never rife in their Horizon.

Their Days and Nights are of very diffe-
rent Lengths according to the different De-
chnation of the Sunin the feveral Seafons of
the Year. 1

In this Obligue Pofition of the Sphere,
Aftronomers {fometimes talk of the Obligue
Afcenfion of the Sun or Stars; and in order
to obtain a clearer Idea of it, let us again
- confider the Right Afcenfion, which is the
Sun or Star’s Diffance from that Meridian,
which paffes thro' the Point Aties, meafured
on the Egquator.

Or
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Or it may be exprefs’d thus : The Righs
Afcenfion is that Degree of the Equator which
comes to the Meridian together with the
Sun or Star, confider’d in its Diftance from
the Point Arzes.

But the Obligue Afcenfion is that Degree
of the Equator which in an oblique Sphere
7ifes together with the Sun or Star confider’d
in its Diftance from the Point Aries.

Note, That in a Right or Direft Sphere
all the heavenly Bodies can only have Right
Afcenfion, and no Obliqgue Afcenfion ; be-
caufe the fame Point or Degree of the Equa-
for that zifes with them comes alfo to the
Meridian with them: But in an Obligue
Sphere there is fometimes a great deal of
Difference between the Point that rifes with
them and the Point that comes with them to
the Meridian.

Now the Difference between the Right
Afcenfion of the Sun or Star, and its Oblique
Afcenfion is called the Afcenfional Diffe-
rence.

Note, Concerning the Stars in the Equa-
for, that their Right and Oblique Afcenfion
are equal: Therefore the Sun in the Equi-
noxes rifing at fix and fetting at fix has no
Afcenfional Difference : But as he goes on-
ward from the Equator toward the Winter
Solftice, he rifes after fix ; and as he goes

toward the Summer he rifes before fix ; and
the
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the Diftance of his rifing or fetting from i
a-Clock is called the Afcenfional Difference.

And perhaps ’tis fufficient as well as much
eafier for a Learner to remember that th.
Time of the Sun or Star’s rifing or fetting
before or after fix a~Clock is called by Aftro-
nomers the Afcenfional Difference without
taking any Notice at all of the Ob/igue Af-
cenfion, which is neither {o eafy to be ap-
prehended or remembered.

- The Second Diftinétion of the Inhabitants
of the Earth may be made according to the

Jive Zones, which they inhabit; this was an
antient Divifion of the Globe,

‘The Zones are broad Circles, five of which
cover or fill up'the Globe, There are two
Temperate, two Frigid or cold, and one
TForrid or hot. ‘ |

‘The Torrid or burning Zone is all the
{pace that lies between the two Tropics ;
‘twas once counted uninhabitable, becaufe
of exceffive Heat, being fo near the Sun; -
but later Difcoveries have found many and
great Nations inhabiting thofe Parts which
contain the greateft part of Af7ca and of
South America.

- The two Frigid or cold Zones are thofs
Spaces which are included within the two
Polar Circles, with the Pole in the Centre,
at great Diftance from the Sun, fcarcely ha-
bitable by reafon of the Cold. There lies

Greenland
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Greenland and Lapland toward the North
Pole. The South Pole and Polar Regions
are undifcovered.

The two temperate Zones are thofe Spaces
that lie on either fide of the Globe between
the Tropics and the Polar Circles, where the:
Sun gives a moderate Heat, and makes thofe
parts- moft convenient for the Habitation of
Men.  All Eurdpe, and the greatelt part of
Afia, and North America lie in the North'
temperate Zone. | _

 Note, That the Torrid Zone lying between
the rwo Tropics, every Place in it has the
Sun in the Zenith, or exa&ly over their
Heads once or twice in every Year, '

- Thofe who live'under the Tropic of Can-
cer have their Winter when the Sun is in
Capricorn.  'Thofe who live under the Tro-
pre of Capricorn have their Winter when the
Sun is in Cancer. 'Thofe who live under
the Equator have (as I faid’ before) two
Wiaters in the Year’; tho’ indeed there is
{carce any Seafon canbe called Winter with-
in the Limits of ‘the Torrid Zone.

Thofe who live juft within the Borders of
the two Frigid Zones, lofe the Sun for twen-
ty four Hours together at Midwinter when
the Sun isin the contrary Tropic : And thofe
Places that are nearer and nearer to the Poles
lofe the Sun for two, three, four, five, fix
Days, for whole Weeks or Months together

E at
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at their Winter, or when the Sun 1is near
the contrary Tropic.

What is faid concerning the Lofs of Light
a whole Day or Week or Month at Winter
in either of the frozen Zones, muft be alfo
faid concerning the gaining a whole Day
or Week or Month of Daylight at their
Summer ; and thofe Parts of the Year are all
Darknefs in the Northern frigid Zone, which
are all Daylight in the Soutbern.

Thus as you go farther Northward or
Southward the Continuance of the Sun
above the Horizon grows longer in their
Summer ; and the utter Abfence of it below
the Horizon grows longer in their Winter ;
till you come to thofe Inhabitants (if any
fuch there be) who live under the Pole, for
thefe have half the Year Night, and half
the Year Day, as I faid before concerning
the Parallel Sphere. |

In the two Temperate Zones, (as alfo in
the Torrid Zone) there are never quite 24
Hours either of Day or of Night together ;
but when the Sun is in the Eguator, all
Daysand Nights areequal : Afterwards their
Days gradually increafe till their longeft Day
in Summer, and gradually decreafe till their
{horteft Day in Winter: Tho’ thofe who live
on the Borders of the Polar Circles or the
Frigid Zones have their 11® of Fune or
longeft Day in Summer near 24 Hours ; and

their
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their 11 of December or thorteft Day in
Winter, but juft allows the Sun to peep a
Moment above the Horizon, {o that their
Night is very near 24 Hours long.

Thirdly, The Inhabitants of the Earth may
al{o be divided into three forts in refpect of
their Geographical Relation to one another,
and they are called the Perieeci, the Antwc:
and Anfzpodes.

I. 'The Periewci live under the fame Pa-
rallel of Latitude on the fame fide of the
Globe, but differ in Longitude from Eaft to
Weft 180 Degrees, or juft half the Globe,
Thefe have their Summer and Winter at the
Jame times with one another, but Day and
Night juft at contrary times.  Nofe, Thofe
who live under the Poles have no Periwer,

- II. The Anteci live under the fame Mers-
dian or Line of Longitude, and have the fame
Degree of Latitude too, but on contrary
fides of the Egquator, one to the North,
the other the South, Thefe have Day and,
Night exaltly atthe fame time, but Summer
and Winter contrary to each other. Note,
‘Thofe who live under the Eguator have no
Anteecs.

III. The Antipodes have (as I may fo ex-
prefs it) the Properties of the _nteeci and
Ferizci join’d together, for they live on con-
trary fides of the Equator, tho’ in the fame
Latitude or Diftance from it; and their

E 2 Me-
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Meridian or Line of Longitude is 186 De-
grees or half the Globe different. A Line
paffing thro’ the Centre of the Earth from
the Feet of the one would reach the Feet of
the other. They dwell at the full Diftance of
half the Globe, and have Day and Night,
Summer and Winter at contrary times.

In each of the three laft Figures, (viz.)
VIII, IX and X. you may fee thefe Diftin-
&ions of the Earth’s Inhabitants exactly re-
prefented. & A are Perieci, {o are Cw.
But = C or A ve are Anteci. o ¥, or
AC, or NS, or HR, or EQ_are all An-
tipodes to each other.

The Amphifcii, Heteroftis 2 Alfeii,
which are only Greek Names invented to tell
how the Sun cufts the Shadows of the feve-
ral Inhabitants of the World, are not worth
our prefent Notice.

§ B Ry,

The Natural Defcription of the E(zrtb and
Waters on the Terrefirial Globe.

THE Earth 'may be divided ‘into its
Natural or its Political Parts.  The
one Diftin¢tion is made by the God of Na-
ture who created it: The other by Men
who inhabit 1t.
The Globe or Surface of Earth on which
we dwell is made up naturally of two Parts,

Lana’
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Land and Water ; and therefore it is called
the Terraqueous Globe. Each of thefe Ele-
ments have their various Parts and Sub-
divifions, which are as varioufly defcribed
on artificial Globes or Maps.

The Land is called either an Ifland, a
Continent, a Peninfula, an Ifthmus, a Pro-
montory, or a Coaff. See the plain Defcrip-
tion of all thefe Fig. XIIL

An Iflandis a Country or Portion of Land,
~compafled about with' Sea or other Water,
as Great Britain, Ireland in the Britifh
Seas 3 Sicily, Crete, Cyprus, &c. in the Me-
diterranean Sea ; the Ifles of Wight, of An-
glefey, of Man near England : There are
alfo Iflands in Rivers.

A Continent, properly fo called, is a large
Quantity of Land in which many great
Countries are joined together, and not fepa-
rated from each other by the Sea, fuch are
Europe, Afia, Africa. This is {fometimes
called the Main-Land. '

A Peninfula is a part of Land almotft in-
compafled with Water, or which is almoft
an Ifland : Such is the Morea which joins to
Greece, {uch is Denmark as joining to Ger-
many, and Taurica Cherfonefus joining to Lit-
tle Tartary near Mufcovy; and indeed Africa
is but alarge Peninfula joining to Afia.

An Ifthmus is a narrow Neck of Land
between two Seas, joining a Peninfula to

E 3 the
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the Continent, as the Ithmus of Darien or
Panama which joins North and South Ame-
rica : 'The Ifthmus of Corinth which joins
the Morea to Greece: The Ifthmus of Sues
which joins Africa to Afa.

A Promentory 1s a Hill or Point of Land
ftretching out into the Sea: It is often
called a Cape, fuch is the Cape of Good Hope
in the South of Africa; the Land’s End
and the Lizzard Point are two Capes at the
Weflt of England; Cape Finifterre on the
Wett of Spain, &c.

A Coaft or Shore is all that Land that
borders upon the Sea, whether it be in Iflands
or Continents : Whence it comes to pafs that
failing near the Shore is called Coafiing.

That Part of the Land which is far diftant
from the Sea is called the Inland Country =
Thefe are the Divifions of the Land.

The Water 1s divided into Riversor Seas.

A R:ver isa Stream of Water which has
ufually its Beginning from a fmall Spring
or Fountain whence it flows continually
without Intermiffion, and empties it felf
into fome Sea. But the Word Sez implies
a larger Quantity of Water, and is diftin-
guithed into Lakes, Gulfs, Bays, Creeks,
Straits, or the Ocean.

The Ocean or the Main-Sea isa vaflt {pread-
ng ColleGtion of Water, which is not di-
vided or feparated by Lands running be-

tween @
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tween : Such is the Atlantick or Weftern
Ocean between Europe and America: The
Eaftern or the Indian Ocean in the Ea/t-In-
dies : The Pacifick Ocear or South Sea on
the Weft fide of America, &c.

Note, The various Parts of this Ocean or
Muin Sea that border upon the Land are
called by the Names of the Lands which
lie next to it : So the Britifh Sea, the Irifb
Sea, the Ethiopian Sea, the French and
Spanifb Seas.

A Lake is a large Place of Water inclo-
" fed all round with Land, and having not any
vifible and open Communication with the
Sea: Such are the Cafpian Sea or Lake in
Afia ; the Lake Zaire in Africa, (as fome
Maps defcribe) and many others there are
in Europe and America, and efpecially in
Sweden and Finland, and on the Weft of
New England : Such alfo is the Lake or Sea
of Tiberias in the Land of Canaan, and the
Dead Sea there, which we read of in
Scripture.

A Gulf is a Part of the Sea that is almoft
incompafled with Land, or that runs up 2
great Way into the Land.

If this be very large ’tis rather called an
Tnland Sea : Such is the Baltick Sea in Swe-
den, and the Euxine Sea between Europe and
Afia; the fEgean Sea between Greece and

Leffer Afia ; and the Mediterranean Sea be-
E4 | tween
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tween Hurope and  Africa, ‘which is often
in the Old Teftiment called the Great Sea.
.. If it be'a lefs Part of the Sea thus almoft
inclofed between Land, then it is more
ufually called a Gulf or Bay: Such is the
Gulf of Venice between Italy and Dalmatia -
‘The Arabian Gulf or the Red Sea between
Afiaand Africa : The Perfian Guif between
Arabia and Perfa: The Gulf or Bay of
Finland in the Baltick Sea ; and the Bay of
Bijcay between France and Spain. '

- If it be'but a very {mall Part, or as it were
an Arm of the Sea that runs but a few Miles
between the Land, it is called a Creek, a
-Haven, a, Station, or a Road for Ships; as
Mlford Haven in Wales Southampton Ha-
~ven. 10 Hampfhire, and many more in every
-Mafitime Country, ' |

. A Strait. is.a narrow Part of the Ocean
Jying between two Shores, whereby two Seas
-are joined together, as the Sound which is the
Paflage into the Baltick Sea between Deri-
mark and Sweden : The Helle[pont and Bof-
phorus, which are twoPaffages into the Exsxine
Sea between Romania and the Lefler Afia :
The Straits of Dover between the Brizs
Channel and the German Sea 3 and the Straits
of Gibraltar between the Atlontick and the
Mediterranean, though the whole Mediter-
‘ranean Sea 1s {ometimes called the Straits.

2 | If
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If we compare the various Parts of the
Land with thofe of the Water, there is a
pretty Analogy or Refemblance of one to
the other. 'The Defcription of a Continent
refembles that of the Ocean, the one is a
vaft Tra& of Land as the other is of Water.
An Ifland incompafled with Water refembles
a Lake incompafled with Land. A Peninfula
of Land is like a Gulf or Inland Sea. A
Promontory or Cape at Land is like a Bay or
Creek at Sea ; and an Ifthmus, whereby two
Lands are joined, has the fame Relation to
other Parts of the Earth as a Strait has to
the Sea or Ocean.

Let us now take Notice by what Figures
the various Parts of Land or Water are de-
{cribed ina Globe or Map, and in what man-
ner they are reprefented. See Fig. XIII.

Sea is generally left as an empty Space, ex-
cept where there are Rocks, Sands, or Shelves,
Currents of Water or Wind, defcribed.

Rocts are fometimes made like little point-
ed things fticking up tharp in the Sea. Sands
or Shelves are denoted by a great Heap of
little Points placed in the fhape of thofe
Sands, as they have been found to lie in
the Ocean by founding or fathoming the
Depths.  Currentsof Water are defcribed by
feveral long crooked parallel Strokes imita-
ting ‘a Current. . The Courfe of Winds is
reprefented by the Heads of Arrows point-

mg
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ing to that Coaft toward which the Wind
blows.

The Land is divided or diftinguithed from
the Sea by a thick Shadow made of fhort
{mall Stroies to reprefent the Shores or Coafls,
whether of Iflands or Continents, &¢. and
1t is ufually filled with Names of Kingdoms,
Provinces, Cities, Towns, Mountains, Fo-
vefts, Rivers, &¢. which are defcribed in
this manner, (v7/z.)

Hingdoms or Provinces are divided from
one another by a Row of fingle Points,
wnd they are often painted or ftained with
ditinét Colours. Cities or great Towns are
made like little Houfes with a fmall Circle
in the middle of them. Leffer Towns or
Villages are marked only by fuch a fmall
Circle.  Mountains are imitated in the
Form of little rifing Hillocks. Foreffs are
reprefented by a Colle¢tion of little T7ees.
Small Rivers are deferibed by a fingle, crook-
ed, waving Line ; and /arger Rivers by fuch
a waving or curling double Line made ftrong
and black. 'The Mouths of large Rivers,
where they empty themfelves into the Sea,
are reprefented fometimes as Currents of Wa-
ter, by feveral parallel crooked Lines.

I thould add this alfo, That in Terreftrial
Globes you find the Mariner’s Compafs figur’d
in feveral Parts, and the Lines of it are

drawn out to 2 great Length toward all
' Parts
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Parts of the World on purpofe to thew how
any Part of the Earth or Sea ftands fituated
with regard to any other Part; and this is
called its Bearing, by which you may know
what Places bear Eaft, Weft, North or South
from the Place where you are, or at what
other intermediate Points of the Compafs
they lie. 'The North is generally defcribed
by a Flower de Luce, and the Eaft frequently
by a Crofs.

Globes are generally fo formed as to have
the North Pole juft ftanding before the Face:
Then the £aff is at the right Hand, and the
Weft at the Left : And thus ufually the
Names and Words are written to be read
from the #eft to the Eaft. 'This is alfo ob-
ferved in large Maps, and it thould be the
fame in fmall ones ; for when a Muap of a
Country is drawn in any other Form; {o that
the North does not lie juft before us, and the
Eaf? to our right Hand, it gives great Con-
fufion to the Learner, and fometimes con-
founds the Eye and Imagination even of

Perfons {kill’d in Geography.

S E€ %FeXy
Of Maps and Sea Charts.

Hough nothing can repréfent the Hea-
! vens or the Earth in their natural
Appearances fo exattly as a Globe, yet the

twe
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two Hemi[pheres either of the Heavens or of
the Earth may be reprefented upon a flat or
plain: Surface, which are generally called
Projections of the Sphere.

If you fuppofe a Globe to be cut in Halyes
juft at the Equator, and each Hemifphere
reprefented on a Plane, tis called a Projection
of the Globe upon the Plane of the Equator.
‘Then the Eguinoftial Line will be the
Circumference, and the two Poles of the
World will be the Centres of thofe two
Projections, and all the Meridian Lines will
be fo many ftrait Lines or Semidiameters
meeting in the Centre.. This is the moft
- common Method of reprefenting the Celefti- .
al Globe and the Stars.

If the Globe be cut afunder at the Hori-
zon of any particular Place and thus repre-
{ented on a Plane, it is called the Projeétion
on the Plane of the Horizon.  Then the
Zenith and Nadir will be the Centres of
thofe Projections ; and the Horizonm is the
Circumference. ~ The two Poles will be
placed at fuch a Diftance from the Circum-
ference as the Pole of the World is elevated
above the Horizon of that Place ; and the
Meridians will be reprefented as curve Lines
meeting in the Pole Point, excepting only
that Meridian that pafles through the Zo-
zith which is always a right Line. This is
a more uncommon ProjeCtion of the

Sphere,
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Sphere, though ’tis much ufed in Dral
ling. - : U

gl“he moft ufual Way of defcribing the
Farthly Globe on a Plane, or a Map, Is to
fuppofe the Globe cut in Halves about the
fitlt Meridian at the lland Fero or Teneriff.
This isa Projection on the Plane of the Me-
ridian : Then the firft Meridian will deter-
mine the Circamference : The Pole Points
will ftand in'the upper -and lower Parts of
that Circle, and the other Meridians will be
curve Lines meeting in the Pole Points, ex-
cept that which pafies through the Centre of
the Projection, which is a right Line.

Here the Equator will be a ftrait Line
or Diameter crofling all the Meridians at
right Angles, and at equal Diftances from
the two Poles. ,

Here the two Tropics of Cancer and Ca-
pricorn are drawn at their proper Diftances
of 29 2 Degrees from the Eguator ; and the
two Polar Circles at the fame Diftance from
the Poles.

In this ProjeGtion the Ec/iptick is fome-
times a ftrait Line cutting the middle of the
Equator obliquely in each Hemifphere, and
ending where the two Tropics meet the Me-
ridian : Butfometimes the Ecliptick is drawn
as a curve Line or an Arch beginning where
the Equator meets the Meridian, and car-
ried upward juft to touch the Tropic of

Can-
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Cancer in one Hemifphere, and downward to
touch the Tropic of Capricorn in the other.

"Tis in this Form the Maps of the World
are generally drawn in two large Hemi-
{pheres.

Note here, That it is impoffible to repre-
fent a {pherical Body exactly in its due Pro-
portion upon a Plane ; and therefore the arti-
ficial Meridians or Lines of Longitude, Paral-
lels of Latitude, &c. are placed at fuch diffe-
rent Diftances by certain Rules of Art, and
the Degrees marked on them are often une-
qual ; but fo drawn as may moft commodi-
ouflyreprefent the Situation of the feveral Parts
of the Earth with Regard to one another,

‘The Meridian or Circumference of thefe
Circles is divided into four Quarters, and
each mark’d with go Degrees beginning from
the Eguator and proceeding toward the
Poles.  Thefe Figures or Numbers thew the
Latitude of every Place in the Earth, or its
Diftance from the Equator ; and at every 1o
Degrees there isa Parallel of Latitude drawn
on purpofe to guide and dire@ the Eye in
feeking the Latitude of any Place,

The Equator of each Hemifphere is di-
vided into 180 Parts, which makes 360 in
the whole : And the feveral Meridians or
Lines of Longitude, cutting the Eguator at
every ro Degrees guide and dire& the Eye

to find the Longitude of any Place required.
W
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As the Eguator, the feveral Lines of Lon-
gitude, of Latitude, &c. can’t be repre-
fented on a Plane exaltly as they are on a
Globe; {o neither can the feveral Parts of
the World, Kingdoms, Provinces, Iflands,
and Seas be reprefented in a Map exaétly
in the fame Proportion as they ftand on a
Globe. But as the Divifions of Degrees in
a Map are bigger or lefs, fo the Parts of the
Land and Sea are reprefented there bigger
or lefs in a moft exa& Proportion to thofe
Lines of Longitude and Latitude among
which they are placed.

Therefore though the Length or Breadth,
or Diftance of Places on a Map of the World
cannot be meafured by a Pair of Compafles
as they may be on a Globe, yet you may
count the Number of Degrees to which
fuch Lengths, Breadths or Diftances cor-
refpond, and thereby you may compute their
real Dimenfions ; though notalways {o well
as on a Globe ; of which hereafter.

‘Thus much fhall fuffice concerning Maps
that reprefent the whole World or the Globe
of Earth and Water. Let us next confider
thofe Maps which reprefent particular Parts
of the World, Kingdoms or Provinces, thefe
are generally drawn in a large Square, and
are ta be confidered as Parts of a Projection
ort the Plane of the Meridian.

From the Top to or toward the Bottom ﬁ)f
the .
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the Square are drawn Meridians or Lines of
Longitude ; 'and the Number of Degrees of
Longitude are divided and marked on the
upper and undermoft Line of the Square.

From Side to Side are drawn Parallels qf
Latitude, and the Decrees of Latltude arc
marked on the two Slde Lines. :

Thus you may eafily find on a Map What
is the Longitude or Latitude of any Place
given, or youmay find the Point where any"
Town ftands or fhould ftand, when the true"
Longitude and Latitude of it are given. -

Note, In fuch Maps of particular Coun-
tries the Longitude is not always reckoned
from the firft Meridian, as Fero or Teneriffy
but oftentimes ’tis reckoned from the Chref
Gity of that Kingdom, which is defcribed
in the Map, as I have intimated before.

Olferve farther, That though in Globes
and Maps of the whole World ‘the Longi-
fude ‘is reckoned from the #¢/f toward the
Eaf?, yet in {maller Maps ’tis often reckoned
both Ways, as Briffo/ is 2% Degrees of
Weftern Longitude from Londo;z Amfierdam
has near 5 Degrees of Eaftern Longitude.

Note alfo, That when a fmall Country
15 reprefented in a large Map, the Lznes of
Longitude and = Parallels of Latitude are
drawn not merely at every 1o Degrees, as in
the Globe, but fometimes at every 5 De-

grees, and fometimes at every fingle Degree.
Let
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Let 1t be obferved alfo in large Maps,
that defcribe any particular Country or Pro-
vince, as a fingle or double crooked waving
Line fignifies a Rrver when it is made {trong
and black; f{o a Publick Road is defcribed
by a fingle or a double Line drawn from
Town to Town, not quite {fo curled nor
fo ftrong as a River is, but ffrait or wind-
ing as the Road it {elf happens. And where
the Roads lie through a broad Plain or great
Common without Houfesor Hedges, they are
{fometimesdefcrib’d by a double Row of Points.
_ As Villages and finaller Towns are de-
fcribed by a little Circle or fmall round o
in Maps of larger Countries, where the
Cities are reprefented by the Figure of a
Houfe or two with a Spire or Steeple ; fo
in Maps of fmaller Countries or Provinces
the Zttle Towns and Villages are defcribed
by the Figure of a Houfe or two, and greas
Towns or Cities are marked like feveral
Buildings put together in Profpeét, or elfe
the naked Plan of thofe very Towns or
Cities is drawn there and diftinguifhed ac-
cording to their Streets.

I proceed now to confider Sea-Charts. |
As Maps are drawn to defcribe particular
Countries by Land, fo a Defcription of
Coafts or Shores and of the Seas for the Ufe
of Mariners is called a Sea-Chart, and it dif-
fers from a Map chiefly in thefe Particulars.

F 1!
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1. A Map of the Land is full of Names
and Marks defcribing all the Towns, Coun-
tries, Rivers, Mountains, &¢. but in a Sea-
Chart there are {feldom any Parts of the Land
marked or defcribed, befides the Coafts or
Shores and the Sea Ports, the Towns or
Cities that border upon the Sea, and the
Mouths of Rivers. :
 II. In a Map the Sea i1s left as an empty
Space, except where the Lines of Longitude
and Latitude, &¢. are placed: But in Sea-
Charts all the Sholes or Sands, and fhallow
Waters, are marked exattly according to
their Shape, as they have been found to lie
in the Sea by founding the Depth in every
Part of them.

II1. In Sea-Charts, the Meridians are of-
ten drawn in ftrait and parallel Lines, and-
the Lines of Latitude are alfo ftrait Parallels
crofling the Meridians at right Angles. This
is called Mercator’s Projection ; and the
Points of the Compalfs are frequently repeated
and extended through the whole Chart in a
multitude of crofling Lines *, that wherefo-
ever the Mariner 1s upon the Sea he ma
know toward what Point of the Compafs he
muft fteer, or direct his Veflel to carry it to-
ward any particular Port; and that we may
be able to fee with one caft of an Eye the
various Bearings of any Port, Coaft, Ifland,
Cape, &, toward each other. I1V.

¥ See Marginal'Note, Probl. X, Se&, XIX.
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- IV. TheSea is alfo filled in Sea-Charts with
various Numbers or Figures which denote the
Depth of Water, and thew how many Fathom
deep the Sea is in thofe Places where the
Number ftands. Thefe are called Soundings.
V. In Sea-Charts there is not fuch Care
taken to place the North Parts of the World
always dire&tly upright and before the Face
of the Reader ; but the Coafts and Countries
are ufually defcribed in fuch a Pofition as
may afford the fitteft Room to bring in the
greateft variety of Shores and Seas within
the Compafs of the fame Chart, whether
the Eaf?, or Weft, or North, be placed di-
rectly before the Reader.
: Here let it be noted that as Geggraphy ta-
~ken ftrictly and properly is a Defcription of
Land, fo a Defcription of Water or Sea is
called Hydrography ; and as thofe who de-
{cribe the Land on Maps are properly called
Geographers, {o thofe who draw the Sea-
Charts are often called Hydrographers.

SRIT T SR Y A

The Political Divifions of the Earth repre-
Jfented on the Globe.

HUS we have finithed the natural Di-
‘sz ons of the Surface of the Earth;
we come now to confider how it is diVldCd
Politically by Men who inhabit it,
F 2 In
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In this Senfe it is diftinguifh’d into four
Quarters, into Empires, Kingdoms, States,
Commonwealths, Principalities, Dukedoms,
Provinces, Counties, Cities, Towns, Villa-
gEs, WIC, |

The Earth is firft divided into four chief
Parts or Quarters, which are called Euro e,
Afia, Africa, and America,

Eurcpe is divided from 4frica and boun-
ded on the South fide by the Medsterrancan
Sea.  On its Eaftern fide it is divided from
Afiz by a Line drawn on the Eaft fide of
Candia or Crete paffing up the Agean Sea
and through the Propontis into the Euxine
or Black Sea, and from thence through the
Sea of Zabaique by the River Don or Ta-
za1s, and thence through Mufovy, (as fome
will have it) to the River Oéby running into
the Northern Ocean. It is aifo bounded on
the Weft fide by the Weflern or Atlantich
Ocean.

Afia is alfo bounded on the Nyrb by the
Northern frozen Seas: On the South by the
Indian Ocean : On the Eatt it includes Ching
and the Oriental Iflands : But on the North
Eaft its Bounds are unknown, for Travellers
have not yet been able to determine whether
thofe Eaftern Parts of Grear Tartary mayn’t

be joined to {fome unknown Parts of Nors
America,

Africa



Se&t. 13. Geography and Aftronomy. 71
. Africa is 2 large Peninfula joining to

Afia by a little Neck of Land at Egypt,
bounded on the North by the Mediterranean
Sea ; On the Weft by the Atlantick and E-
thiopick Oceans : On the North Eaft by the
Red Sea 5 and on the South and Eaft by the
Southern and Indian Oceans.

America was unknown to the Antients till
found out by Chriflopher Columbus, a little
above two hundred Years ago. It is called
in general the Weft-Indies. 1t lies almoft
three thoufand Leagues to the Weftward
from Europe and Africa on t'other fide of
the Atlantick and Ethiopick Seas : It is made
up of two large Continents, divided by a
narrow Neck of Land into two Parts; the
one is called North America or Mexicana,
the other South America or Peruana.

Let us treat briefly of each of thefe in

their Order.,

B A @R BT T

Of EURCPE and its feveral Countries and
Kingdoms.

HE chief Countries of which EurorEg

is compofed may be diftinguifhed in-

to the Northern, the Middle, and the Southern
Parts,

1. The Northern Parts are the Britifb Ifles,

Denmark, Norway, Sweden, Mufcovy, and

Lapland, Hn The



72 The firft Principles of  Se&. 13.

The Britifb Ifles are Great Britain and
Ireland. Great Brifain contains the two
Kingdoms of England and Scotland, which
were lately united into one. The chief
City of Englam{ 18 London, and Edinburgh
is the chief in Scotland, as Dublin is in
Ireland.  Note, that Wales is reckoned a
Part of England tho’ they fpeak a different
Language.

Dezmmr,% is a {mall Kingdom on the North
of Germany made up of one Peninfula, and
feveral Iflands in the Baltick Sea ; its chief
City is Copenbagen, which ftands in the larg-,
eft of thofe Iflands.

The Kingdom of Norway (‘Whlch lies all
along bordeurcr on the Weft of Sweden)
has its chief Town Drontheim s this toge-.
ther with the Ifle of fceland ﬁn diftant in
the Northern Sea is under the Government
of the King of Denmark.

Sweden is one of the Northern Kingdoms
which almoft 111compaffes the Balzm Sea :
Yts chief City is Stockbolm, That Part of it
that lies on the Eaft fide of the Baltick is
called Finland, Livonia, &c, and the South-
ern Part on the Weft fide next to Denmark
1s called Gothland.

All the North Eaft Part of Europe is
Ruffia and Mufcovy under the Government of
the Czar, Wnofe Capital City is Mofcow.
His Conqaeﬁs have lately joined Livonia

to
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to his Dominion, which before belonged to
Sweden, and there he has built the City
Petersburg.

Lapland is a cold favage Country that lies
on the North of Sweden, and belongs to three
Princes, (viz.) the Dane, the Swede, and
the Mufcovite.

Note, That Norway, Laplond and Swe-
den were once all compriz’d under the gene-
ral Name of Scandinavia.

II. The MiddleParts of Europe are France,
Germany, Poland, Hungary, and Little
Tar tary.

France lies juft Southward of Ewngland ;
its Northern Coaft is wathed by the Eng/ifh
Channel ; its Weftern Shores by the Atlan-
tick Sm and its Southern by the Mediter-
rauean : Its chicf City is Paris.

Before I praceed to Germany, ’tis proper
to mention a long Row of diftin¢ Govern-
ments which lie on the Ealt of France and
divide it from Germany and Italy. Thefe
are the feven United Provinces, the ten
Spanifb Provinces, the Dukedom of Lor-
rain, the Countries of Switzerland, Savoy
and Pzezz’mom‘

The feven United Provinces are called by
the name of Holland, becaufe that is the
biggeft of them. They are a moft confider-
able Commonwealth, and their chief Cities
are Amflerdam, Rotterdam, Leyden, Utrecht,
&ec. IS South~
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Southward of this lie the ten Spanifh Pro-
vinces, orthe Low Countries or Netherlands,
which are called by the name of Flanders,
becaufe that is the largeft of them : They
have belonged to the Kingdom of Spain for
fome Ages ; but they are now under the
Emperor of Germany ; their chief Cities
are - Bruffels, _Antwerp, Lowvain, Mons,
Namur, Ghent, &c. '

Lorrain lies to the South of Flanders, and
is governed by a Duke: Its chief Town is
Nancy.

Switzerland 1s the next: "Tis a free Re-
publick divided into thirteen Parts, com-
monly called the Swifi-Cantons, (viz.) Zu-
rich, Bern, Bafil, Lucern, &c. Their Al-
lies are the Grifons, the Valtoline, &c. The
Commonwealth of Geneva might alfo be
mentioned here, which is a very fmall but
free Sovereignty, and maintains  its Rights,
becaufe none of its Neighbours will let the
others feize and poflefs it.

‘The Dukedom of Savoy and Piedmont
borders upon the South of Switzerland,
and reaches to the Mediterrancan Sea - Tts
chief City is Turin ; its Duke is lately made
King of Sardima.

I proceed now to Germany, which ftands
1n the very Heart of Europe ; ’tis called an
Empire, and its chief City where the Em-
peror dwells 1s Vienne : But there are in it

2 many
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many lefier Governments, {uch as Dukedoms,
Marquifates, Bifhopricks, and feveral free
Towns or Cities that have fome Dependence
~ upon the Emperor, but yet are little Sove-
reignties within themfelves.

The moft confiderable of thefe is the
Dominion of the Arch-duke of Aufiria,
who is King of Bohemia and Hungary, and
is generally chofen Emperor. 'The nine E-
leGtorates are next in Honour, which are fo
called becaufe their Governors are Elettors
by whom the Emperor of Germany is chofen.
Their Names or Titles are thefe. (1.) The
Archbithop of Mentz. (2.) The Archbi-
thop of Triers or Treves. (3.) The Arch-
bithop of Cologn. (4.) The King of Bohe-
mia. (s.) TheDukeof Bavaria. (6.) The
Duke of Saxomy. (7.) The Marquis of
Brandenburg, now King of Pruffia. (8.)
The Prince Palatine of the Rbine. (9.) The
Duke of Brunfwick and Lunenburg, who is
alfo King of Great Britain. Befides all
thefe there are many {inall Principalities go-
verned by Secular or Ecclefiaftical Powers,
which are too numerous to be reckoned up
here.

Poland is a large Kingdom lying to the
Eaft of Germany : It comprehends alfo the
large Province of Lithuania : The chief
Cities of this Kingdom are #arfaw and
Cracow. I might here mention the Country

of
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of Pruffia, which fome Years paft has been
dignified with the Name of a Kingdom : It
is fitnate Northward between Germany and
Poland, 'The King refides at Berkn in
Brandenburg. |

HungaryisaKingdomwhich lies juft South
of Poland, its chief Towns are Presburg
and Bude : It has been in a great Meafure
under the Government of the Turks ;3 but it
now belongs to the Emperor of Germany.

Laittle Tartary, which is alfo called Crim
Tartary, is a {mall Country lying to the Eaft |
of Poland, and firetching along on the North
fide of the Euxine or Black Sea.

III. We go on now to the Southern Parts
of Europe ; and thefe are Spain, Ifaly, and
the European Dominions of the Tur.

Spain is the moft Southern Kingdom of
Europe, a large Country ; its Capital City
Madrid frands in the midft of it- On the
Weft fide of it lies the Kingdom of Portu-
gal bordering all along upon It; ’twas ance
a part of Spasn, but now is fubje& to a di-
ftinc King : Its chief City is Lisbon.

Iialy 1s a large Peninfula in the Miditerra-
#ean Sea, and contains various Governments
m.it, (viz.) Mantua, Modena, Parma,
Lucca, Genoa, &c. but the moft noted and
temarkable are thefe five, Venice, Milan,
Florence or Tufeany, Naples, and the State of
the Church, which is the Dominion of the
Pope, whofe chief City is Romg In

o i

Haa e
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In the South Eaft Part of Ewrgpe lies the
famous Country of Greece, which contains
the antient Provinces of Macedonia, Thel-
falia, Achaia, &c. with the Towns of
Theffatonica, Philippi, Athens, Corinth, &c.
and the Peninfula of Pelgponnefis, now cal-
led the Morea; but all thefe together with
the more Northern Provinces of Tranfilva-
aia, Walachia, Bulgaria, Romania, &c, are
now almoft intirely under the Dominion of
the Turk, whofe chief City is Conflantino-
ple, Afituate at the Mouth of the Euxine
Sea. Al this is called Turkey in Europe.

- Thus have we gone through the Norzheri
and Mzddle, and Southern Countries of Fu-
rope: But it may be proper to mention alfo
{fome of the chief Iflands of this Part of
the World, as well as the Mountains of
Europe and its Rivers.

Near to Italy, France and Spain lic {eve-
ral Ilands in the Mediterrancan Sea 5 fuch
as Majorca, Minorca, Ivica, Corfica, Sar-
dinig, Sicily and Malta, which belong to
different Princes.

On the Baft fide of Greece is the Agean
Sea, or Archipelago, in which are many
fmall Iflands, and Crefe a large one : On
the Welt fide of Greece is the Guiph of
Venice, orthe Adriatick Sea, in which alio
there are feveral fmall Iflands, as Corfu,
Cepbalonia, Zant, &c.

3 Divers
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Divers other fles there are which are in-
cluded in Europe 5 at the Ifle of Mun, of
Anglefey, of Wight, Ferfe, Guernfey, &e.
which belong to England : The Hebrides on
the Weflt of Scotland, the Orcades, and
Schetland Ifles on the North: Some in the
Baltick Sea which belong to Sweden and
Denmark : The Azores or Weftern Iflands
in the Atlantick Sea, which are under the
King of Spain. And feveral others of lefs
Note.

Some of the moft remarkable Mownzains
in Europe are, (1.) The Alps between France
and Italy. (2.) The Apennine Hills in Italy.
(3.) The Pyrenean Hills between France and
Spain. (4.) The Carpathian Mountains in
the South of Poland. (5.) The Peak in
Darbyfbire in England. (6.) Plinlimmon in
Wales, &c. Befides feveral Volcans’s or
Burning Mountains, as Pefuvius and Strom-
boli in Naples, Mount Atna, now called
Mon-Gibel in the Ifland of Sterly, and Mount
Hecla in the cold Ifle of Iceland.

The principal Rivers of Note in Europe
are the Thames and the Severn in England ,
the Tay in Scotland 5 the Shannon in Ireland ;
Tagus in Porfugal and Spain 5 the Ps and
Tiber in Italy ; the Weifel or Viftula in Po-
land. In Germany the Elbe and the Oder,
the Rhine and the Danube. In France the
Sein and the Rhone. In Mofcovy the Pon
and the Volga. The
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The Danube and the Volga are the largeft

Rivers in Europe, the Danube running
through all Germany and Turkey into the
Euxine or Black Sea ; and the Volga,
(which fome Writers attribute to 4fiz, be-
caufe) though it runs through a great Part

of Mofcovy, yet it empties it felf into the
Cafpran Sea.

S.E:C T.. XIV.

Of ASTIA, andits feveral Countries and
Kingdoms.

S I A may be divided into thefe five
Parts, (viz.) Turkey, Perfia, India,
China and Tartary.

The Dominion of the Tur#s in Alfia con=
tains feveral Countries in it, (v12.) Natolia,
Palefline, Arabia, Georgia, &c.

1. Natolia or Afia Minor, which is a
Peninfula between the Ewuxine Sea and the
Mediterranean, where lay the antient Coun-
tries of Galatia, Cappadocia, Pontus, By-
thina, Lycaonia, Cilicia, Phrygia, Pam-
phylia, &c. through which the Apoftle Paul
travelled and made many Converts there.
Here were the feven famous Churches of
Afia, to which the Epiftles were written in
‘the fecond and third Chapters of the Reve-
lations, (viz.,) Ephefus, Smyrna, Sardis, &c.
many of them are now called by different

Names :
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Namies : But' Smyrna is one of the chief
Cities in the whole ‘Country.
- 2."Paleftine or the Holy Land, and all the
adjacent Countries of Syria, Chaldea, Me=
Sopotamia, &c. Thechief Towns in it now
ave  Aleppo, Scanderoon or Alexandretta,
Bagdat or Babylon,  Damafcus, Jerufalenm,

3. Arabia which antiently was  divided
into Arabia the Happy, Arabiathe Defart,
and Arabia the Stony, lying all between the
Perfian Gulf and the Red Sea: The chief
Towns of it are Mecca, Medina, &c.

4. Georgia and Turkomania formerly cal-
led Armenia Major are Northern Provinces
belonging to the Turks, that lic between the
Euxine and the Cafpian Sea.

Perfiz a large Empire lies Eaftward from
Turkey between the Cafpian and Indian Seas :

ts Capital City is fpaban. '
- India s divided into two Parts by the
River Ganges. . India on this fide the Gai-
ges contains the biggeft Part of the Empire
of the Great Mogul, whofe chief City is
Agre.. Ina Peninfula or large Promontory
in this Part of India are various Settlements
of the Ewropean Nations, as at Forr St
George, Tranqucbar, Goa, &ec. Beyond the
River Ganges lies another 'large Peninfula,
which ' contains. the Countries of Pegu,
Siams, Tunquiny Cocbinchina, &¢: |

Eaft-
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Eaftward of all thefe lies the Empire of
China, a large and a polite Nation, whofe
chief City is Pekin. 'Thefe Countries laft
named are called in general the Eaff-Indies.

Great Tartary takes up all the Northern
Part of Afia. That which borders upon
Mofcovy is often called Mpfeovy in Afia ¢
The whole is a favage, unpolifthed and un-
known Country as to the Parts as well as
the Inhabitants of it ; and how far it reaches
to the North-Eaft no Man in this Part of
the World can inform us.

There are Multitudes of Iflands which
belong to Afia, the chief of which are
Fapan, Borneo, Celebes, Fava, Sumatra,
Ceylon, the Philippine Ifles, the Maldive
Iles, &c. all thefe in the Eaftern Ocean, and
Cyprus in the Mediterranean.

The moft remarkable Rivers are Tigris
and Eupbrates in Turkey, Gangesand Indus
in India, whence the whole Country took
its firft Name.

The chief Mountains are Imaus, Cau-
cafus, Ararat, which are but differentParts
of the long Ridge of Hills which runs
through Afia from the Weft to the Eaft,
and is called by the antient general Name
of Mount Taurus.

A0 o O
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SIBIC . hdEV:
Of AFRICA and izs Dz'w' 10115,

FRICA is the third Quarter of the

World : It may be divided into the
following Territories, Egypt, Barbary, Bil-
dulgerid, Zaara, Nigritia, Guinea, Nubia,
Abyffinia and Ethiopia.

Egypt lies to the North Eaft and joins on
to Afia; the chief Cities are Grand Cuitg
and Alexandria.

Barbary is a long Country, it compre-
hends moft part of the antient Mauritania,
or the Country of the Muors ; it lies along
the Coalt of the Mediterrancan Sea: It
chief Towns are Fex, Morocco, Mechane G,
Salley, Tangier; Ceuta, Algier, Tunis, Tri-
poli and Barce. :

Bildulgerid or the antient Numidia has
its chief Town Dara ; it lies South and
South-Eaft of Barbary unlefs it be reckoned
a Part of it,

Zaara comes next ; it’s a Defart Inland
Country and much unknown. So is Ni-
gritia or the Land of the N egroes which
lies to the South of Zaara; as Guinea is
fituased in the South of Nigritia. The Tooth
or fvory Coaft and the Quaguz Coaft, and
the Go/d Coaft are feveral Divifions of Gui-
nea well known ta Mariners.

Nubia
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Nubia lies Southward of Egypr, as Aby/~

JSinia does to the South of Nubia, both ncar
the Coaft of the Red Sea.

Ethiopia has been given as a general
Name to all the Countries that compofe the
South-Eaft and South Part of Africa, at
leaft, all the Maritime Countries or Coafts
from Guinea on the Weftern fide to Aby/finia
or Nubia on the Eaft, and fometimes it in-
cludes Abyffinsa alfo, which is called the
Leffer or Inner Ethicpia.

In the more Southern Part of Ethiopia
are the Inland Kingdoms of Monomotapa,
Monoemunga, &c. On the Weftern Cocft
Congo, Loango, Angola: The Eaftern Couft
18 Zanguebar and the Mozambigue : The
Southermoft Coatt is inhabited by the Cafres
and the Hottentots near the Cape of Good
Hope, who are famous for their Stupidity,
living in the moft brutal and barbarous
Manner, as though they had little of human
Nature in them befide the Shape.

The chief Iflands near Africa are the
large Ule Madagafiar called the Ifle of
Of. Lawrence that lies toward the Egffern
Sea ; and on the Weft or North-Welt are
the {mall Iflands of Cape Verd, the Canary
Iflands, and the Maderas in the Atlantick
Sea, with others of leffer Note in the
Ethiopick Sea.

G The
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The moft famous Rivers in Africa are
the Nile and the Niger. The Nile runs
through all the Eaftern Part of the Coun-
try, and empties it {elf into the Mediterra-
nean Sca by many Mouths at the Land of
Egypt. 'The River Senegal antiently called
Niger runs through Negroland into the
Atlantick Ocean.

The moft remarkable Mountains are thefe,
(1.) Mount Atlas or the Atlantick Hills in
the Weft of Barédary, which were fuppofed
by the Antients to be the higheft in the
World ; whence came the Fable of _At/as
a Giant bearing the Heavens upon his
Shoulders. (2.) The Mountains of the
Moon which lie much more Southward to-
ward Monomotapa : And (3.) The exceed-

ing high Hill of Teneriff, which is among
the Canary Iflands.

S BT BXOTTL
Of AMERICA and its Divifions.

- MERICA is the fourth and laft
4 & Quarter of the World, ’tis divided
into the Northern and the Southern Parts
by an Ifthmus or Neck of Land at Darien
or Panama.

Northern America includes Canada, the
Englyfb Empire, Old Mexico, New Mexico,
£lorida, and the Northern Land.

The
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The Northern Land contains fome Iflands
and Secttlements of European Nations, in
Hudfon’s-Bay and other Coafts of Groenland,
Greenland, near to the Arick Circle, but few
of themare much known, frequented or in-
habited. |

As for the North Weft Part of Norzh-
America, ’tis uttetly unknown whether it
be Ifland or Continent, whether it may not
reach thoufands of Miles farther and be joined
to the North-Eaft Part of Grear Tartary.

Canada or New France lies on the North-
Eaft fide of the River of Sz Lawrence, its
chief Town is Quebec.

The Engly/b Empire in America lies a-
long the Eaftern Coaft from about thirty
to almoft fifty Degrees of North Latitude,

New England is the chief Province, of
which Boflon is the principal Town or
City. North of New England lies Acadia,
fometimes called New Scotland : Its chief
Town was Port Royal, which hath chan-
ged its Name to Annapolis.  Southward of
New England lie New York, New Ferfey,
Penfifvanma and Maryland, Virgimia and
Carolina. On the Weft and North-Weft
fide of thefe Plantations lie large Trad&ts of
Land with many great Lakes in it, where
various Nations of Savages inhabit,

Florida comes next in courfe to be men-
tion’d, it borders Eaft or North-Eaftward

Gz on
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on Carolina, and Weftward it reaches to the
River Miflifipp: and beyond it : It is bound-
ed by the Sea on the South, but there have
been no very great or remarkable Towns or
Settlements formed there by the Spaniards,
‘who found and named it.

New Mexico or New Granada lies Weft
of Florida pofleft alfo by the Spaniards,
its chief Town is Sz Fe upon the River
Nort. ‘

Mexico or New Spain lies more South,
it is a large and rich Country, long and un-
even, ftretching from North-weft to South-
eaft; and contains many Provinces in it be-
longing to the Spaniards, who have deftroy-
ed Millions of the Natives there. It has
feveral Towns, of which the chief has the
Name of Mexico given it. Florida and
Mexzco together make a large Bay, which
1s called the Gulf of Florida or the Gulf of
Mexico. ‘This Country reaches down to the
fmall Neck of land whereby South Ameri-
ca 1s joined to it. On this Neck of Land
are Panama on the South fide, and Porzo-
bello on the North.

The Southern Part of dAmerica is fome-
thing like a large Triangle lying in the
vaft Southern Ocean and almoft encompafs’d
by it: On the Weftern fide this Ocean is
called the Pacifick Sea, becaufe feldom
vex’d with Storms,

This
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This Southern Part of America compre-
* hends many great Countries, viz. Terra
Firma, Peru, Amazonia, Guzcma Brafil,
Chili, Paraguay, Terra Mczgel/am'm, &ec.
The Inland Parts are very much unknown,
“but the greateft Part of the Coafts are pof—
fefs’d by the Inhabitants derived from Spazn
and Porfugal, who have made various Set-
tlements there.

The chief Iflands of America in the North
are Newfoundland, which is a Triangle near
Acadia ; then Cuba, Hifpaniola and Fa-
maica, all in the fame Climate with Mex:-
co. T he leffer Ifles are called Lucayes or
Babama Iflands, South-eat of Florida
and the Caribbee Ilands Eaftward of 177/~
paniola. On the Welt fide of North A-
merica lies a very large and long Ifland
called Califormia, with many little ones
near it,

The chief Ifland in South America is
Terra Delfuego which lies near the Main
Land, and thus makes the Straits of Ma-
gellan. 'There are many others of lefs Ex-
tent and Note, both on the Coaft, and in
the vaft Souzh-Sea.
++ "The moft noted Rivers of North America
are the great River of St. Lawrence or Canada
that divides New England from New France;
and the River Mz[ fipp7 where the Frmcb
have made large Settlements.

G 3 In
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In South America the two great Rivers
are the Amazon with all its Branches, and
Rio dela Plata or the River of Plate. ,

The chief Mountains are the Apalachin
Hills in North America, which divide Fls-
rida from the more Northern Countries;
and the Andes in South America, which is a
long Ridge of Mountains running from the
South part of America toward the North -
Travellers fuppofe them to be the higheft
in the World.

Thus I have deferibed the various Coun-
tries of the Earth in a very brief and im-
perfe&t manner, fufficient only to give the
young and ignorant Reader a Tafle of
Geography, and to encourage him to purfue
the Study farther in that excellent Manual
Gordon’s Geographical Grammar, or in Vo-
lumes of larger Size,

o D G5 G 4.8 )
Of the fixed Stars on the Heavenly Globe.

A S the Terreflrial Glode has the va-

| rious Countries, Cities, Mountains,
Rivers and Seas drawn upon it : So on the
Celeflial Globe are placed the fixed Stars
exaltly according to their Situation in the
Heavens.

Yet there is this Difference between the
Reprefentations made by the Heavenly

and
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and thofe made by the Earthly Globe,
(viz.) That the feveral Countries, Rivers
and Seas are reprefented on the Convex or
outward Surface of the Earthly Globe, juft
as they lie naturally on the Convex Surface
of the Earth: Whereas the Stars naturally
appear to us in the Concave or inward hol-
low Surface of the Heaven, but they are
reprefented .on the Heavenly Globe on the
Convex Surface of it. Therefore we muft
fuppofe our Eye to be placed in the Centre
of the Globe in order to have the Stars and
Heavens appear to us in their Concavity and
proper Situation.

Planets and Comets are vulgarly called
by the general Name of Stars; but the
fixed Stars differ from the Planets and the
Comets in this, that they always keep the
fame Place or Diftance with regard to one
another ; whereas the Planets and Comets
are perpetually changing their Places and
Diftances with Regard to ome another and
with Regard to the fixed Stars. '

They differ alfo in this Refped, that the
fixed Stars generally twinkle, except when
near the Zenith or feen thro’ a Telefcope ;
and they fhoot {prightly Beams like the Sun,
which is ufually given as a Proof that like
the Sun they fhine with their own Light :
The Planets have a more calm Afpect like
the Moon, and never twinkle, which is

G 4 one
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one Argument among many others that
they derive their Light from the Sun, and
{hine only by reflection.

For our better Acquaintance with the
Jixed Stars, Aftronorners have reduced them
to certain Conflellations. 'This we have
fhewn already in the fecond Setion, con=
cerning thofe Stars that lie in the Zodiack,
which are reduced to 12 Conftellations and
called the fwelve Signs, (viz.) Aries or the
Ram; Taurus or the Bull, Gemini or the
Twins, &c. the reft of the Stars are diftin-
guithed into the Northern and Southern
Conftellations, as lying North or South of
the Zodiack or Ecliptick.

The Northern Conflellations were thus
framed by the Antients, Urfa Minor or
the little Bear, in whofe Tail is the Pole
Star, Urfa Major or the great Bear, Draco
or the Dragon, Cepheus whofe Feet are
Juft at the North Pole - Caffiopeia and her
Chair, Andromeds, the Northern Triangle,
Perfeus with Medufz’s Head, Auriga or
the Charioteer, Bootes or the Hunter, who
13 fometimes called Aréfurus or the Bear-
keeper, Corona Borealis or the Northern
Crown, Engonafi or Hercules Kneeling,
Lyra or the Harp, Cygnus or the Swan,
Pegafus or the great flying Horfe,  Equuleus
or  Fauiculus the little Horfe's Head,
Delpbinus or the Dolphin, Sagitta or the

i Arrow,
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Arrow, Aguila or the Eagle, which fome
call the Vultur, Serpens or the Serpent, and
Serpentarius the Man who holds it.

To thefe 21 Northern Conftellations were
afterwards added Antinous at the Equator
next to the Eagle, Cor Caroli or King Charles’s
Heart a fingle Star South of the Great Bear’s
Tail, and Berenice’s Hair, a few {mall Stars
South of Charles’s Heart, &c.

The Southern Conftellations known to
the Antients are Cefus the Whale, and the
River Eridanus Lepus the Hare, the glori-
ous Conftellation of Orion with his Girdle,
Sword, and Shield, Szr7us or the great Dog,
Canicula or the little Dog, Hydra or a large
Serpent, the Ship Argo, Crater or the two
handed Cup, Corvus the Crow, or the Ra-
ven, Centaurus or the Half-Man Half~-Horfe,
Lupus or the Wolf, Ara or the Altar, Co-
rona Aufiralis or Southern Crown, Pifcis
WNotius or the Southern Fifh.

To thefe 15 there have been added 12
other Conftellations made up of the fixed
Stars toward the South Pole which are ne-
ver vifible to us in Britain, and therefore
I thall not mention them.

Aftronomers have framed fome lefler Con=
Jlellations which are contained in the great-
er, as the Plesades or the Seven Stars, and
the Hyades in. Taurus or the Bull : Capella
or the Goat, in whicly is a very bright Stafr\

0
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fo called, inthe Arms of Auriga or the Cha-
rioteer: the Manger and Affes in the Crab,
which indeed is nothing but a bright Spot
compofed of a Multitude of fmall Stars -
Charles’s Wain which are feven bright Stars
in the Rump and Tail of the Grear Bear,
three of which in the Tail refemble the
HHorfes, and the other four, ¢, 4, b, 7y a
Square Cart : See Figure XXX. The two
hindmoft Stars in the Cart, (wiz.) b and r
are called the Pornters, becaufe they point
to the North Pole .

Befides thefe there are feveral other fmal-
ler Stars fcattered up and down in the
Heavens, which are not reduced to any of
the Conftellations though of late Years
Hevelius a great Aftronomer has made
Conftellations of them which are defcribed
upon fome modern Globes.

The fixed Stars are of different Sizes, and
are divided into thofe of the firff, fecond,
third, fourth, fifth and fixth Magnitudes.

There are but a few Stars of the Sirft
and fecond Magnitude, and many of them
have remarkable Names given to them, as
the Ram’s Head, Aldebaran or the Bull’s
Eye, Capella or the Goat, the three Stars
i Orion’s Girdle, the Lion’s Heart, Deneh
or the Lion’s Tail, Rege/ the Star in Orion’s
Left Foot, Sgica Virginis, which is an Ear
of Corn in the Virgin’sHand, Hydra’s Heart,

the
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the Scorpion’s Heart, the Eagle or Vultur’s
Heart, Ala Pegafi or the Horfe’s Wing,
Fomahant a large Star in the Southern Fifbes
Mouth near Aguarius, the Pole Star in the
Little Bear’s Tazl, &c. See more in the
Table of fixed Stars at the End of this Book.

Some remarkable Stars are called by the
Name of the Conftellation in which they
are, as the Great Dog, the Little Dog,
Lyra or the Harp, Aréfurus the Bear-keeper,
Capella the Goat, &c,

As the Globe of the Earth with all the
Lands and Seas defcribed on a Terreftrial
Sphere is reprefented on Maps, {o the Ce-
leftial Sphere with all the fixed Stars is
often reprefented on fwo Tables or Plani-
[pheres, projected, one on the Plane of the
Equator with the two Poles of the World
intheir Centres; andthe other on thePlane «f
the Ecliptic with the Poles of the Ecliptic in
their Centres *,

Note, This fort of Projections has {ome-
times been furnifhed with fome little Ap-
pendices which are moveable, and makes
an Inftrument called a Nocturnalto take the
Hour of the Night, and perform many other
Aftronomical Problems by the Stars.

It is hardly neceffary to fay that the
Stars are fuppofed to keep their conftant

* Mr. Senex at the Globe over-againft St. Dunffan’s in
Fleet-flreet, haslately printed the belt that ever were i Lngs
dand, or perhaps in any Country,

Revo-

s Gl 2

B ————
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Revolution orice in twenty four Hours
by Day as well as by Night: But the
Day Light conceals them fom our
Eyes. ,

The Sun in its Annual Courfe moving
from Weft to Eaft through all the Signs of
the Zodiack hides all thofe Stars from our
Sight which are near its own Light or
Place in the Heavens ; and therefore at fe-
veral Seafons of the Year you fee different
Stars or Conftellations rifing or fetting, or
upon the Meridian at every Hour of the
Night : And as the Sun goes onward daily
and monthly toward the Eaft, the Eaftern
Confiellations come daily and monthly with-
in the Reach of the Sun Beams and are con-
cealed thereby, which is called their Setting
Heliacall). And the W eftern Conflellations
hereby getting  farther off from the Sun
Beams are made vifible to us, which is called
Rifing Heliacolly. |

Thus, as I intimated before, we may
eafily find what Stars will be upon the Me-
ridian every Midnight by confidering in
what Sign the Sun is, and in what Degree
of that Sign ; for the Sun with the Stars
that are near it being upon the Meridian at
Noon, the Stars that are directly oppofite
to them in the Heavens will be upon the
Meridian that Day at Midnight. And by
the fame Means if you obferve what Stafe

are
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are upon the Meridian at Midnight, you
eafily infer the Sun is in the oppofite Point
of the Heavens at Mzdnoon. |

Here it thould not be forgotten that there
15 a broad uneven Path incompaffing the
Heavens pafling near the North Pole which
is brighter than the reft of the Sky, and
may be beft feen in the darkeft Night ; this
is called the Mzlky Way, which later Philo-
fophers have found by their Telefcopes to
be formed by the mingled Rays of innu-
merable fmall Stars. ’T'is to the fame Caufe
that fome other bright Spots in the Sky
(tho’ not all) are afcribed which appear to
us like whitith Clouds in Midnight Dark-
nefs.

S B G Ty XML,
Of the Planets and Comets.

HOUGH the Planers and Comets

$ are never painted upon the Globe be-

caufe they have no certain Place, yet *tis

neceflary here to make fome mention of

them ; fince they are Stars much nearer to

us than the fixed Stars are, and we know
much more of them.

‘The Planets are in themfelves huge dark
Bodies which receive their Light from the
Sun, and refle¢t it back to us. They are
called Planets from a Greek Word which

4 fignifies
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fignifies Wanderers, becaufe they are always
changing their Places in the Heavens, both
with regard to the fixed Stars and with re-
gard to one another.

The Plancts are placed at very different
Diftances from the Centre of our World,
(whether that be the Earth or the Sun) and
they make their various Revolutions thro’
the twelve Signs of the Zodiack in different
Periods of Time.

Saturn in 29 Years and 167 Days, 7.e. about 24 Weeks.
Fupiter m 1y ——— 314 45

Mars m 1 —— 321 46
ZLarthorSunin | ——~ o o

Venus In 0 ——— 224 o i
Mercury n: o=———-": =8y r2l

Moo m o 275 — 4

As the Ec/iptick Line 1s the Orbit or An-
nual Path of the Earth or Sun, {o each
Planet has its proper Orbit, whofe Plane
differs {fome few Degrees from the Plane of
the Orbit of the Sun, and to a SpeGator’s
Eye placed in the Centre would interfe& or
cut the Sun’s Orbit at two oppofite Points
or Nodes. Now the Diftance of a Planet
from the Ecliptick, meafured by an Arch
perpendicular to the Ecliptick, is the Lat/-
fude of that Planet as before.

To reprefent this as in Figure XI. you
may imagine as many Hoops as there are Plz-
zets thruft through with {everal ftrait Wires,
and thereby join’d in different Places to the

LHoop
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Hoop that reprefents the Plane of the Ec/ip-
tick, 1. e. the Sun’s or Earth’s Orbit ; and
then let thofe Hoops be turn’d more or lefs
obliquely from the Plane of the Eclzptzcé
For all the feveral Orbits or Paths of the
Planets do not crofs or interfect the Eclip-
tick or Sun’s Path in the fame Point, nor
at the fame Angles : But their Nodes or In-
terfections of the Ecliptick are in different
Parts of the Eclz‘pz‘z'ck, and alfo make diffe-
rent Angles with it

Among the feveral Ufes of obferving the
Latitude of a Planet, fee one very neceflary
in Problem XXXVII.

The Comets were by Ariffotle and his Fol-
lowers fuppofed to be a fort of Meteors or
Fires formed in the Sky below the Moon
continuing for fome Monthsand then vanith-
ing again. But by later Aftronomers they
have been found to be dark Bodies like the
Planets, moving through the Heavens with-
outany Regard to the Ec/iptick, but in very
different Orbits, which are fuppofed to be
E /lzpfes or Ovals of prodigious Length, and
returning at various Periods of feveral
{cores or hundreds of Years. Tho’ it muft
be confefs’d, thofe Parts of their Orbitswhich
are within the Reach of our Sight are {o
very inconfiderable Parts of the vaft Ovals
they are faid to defcribe, that it has been
much doubted, whether the Lines they de-

{cribe

[
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fcribe 1n their Motion be not Parabolical,
or fome other infinite Curve ; and thus whe-
ther the Comets themfelves are not wander-
2ng Stars that have loft all regular Revolu-
tion, and perhaps have no fettled Periods
at all and may never return again : But
Comets appear {o feldom that they have fcarce
given the nice Enquirers of thefe laft Ages
fufficient Opportunity to obferve or calculate
their Motions with fuch an abfolute Cer-
tainty as could be withed.

‘Thus I have finithed the fpeculative Part
of this Difcourfe which contains the Rudi-
ments or firft Principles of Aftronomy : It
1s called the Spherical Part, becaufe it treats
of the Doétrine and Ufe of the Sphere ; and
I have concluded therein the genera/ Part
of Geography, and given a {light Survey of
the particular Divifions of the Earth.

"T'is indeed the Second or Jpecial Part of
Geography that treats properly of thefe par-
ticular Divifions of the Earth which I have
but flightly run over, and in a much larger
manner enumerates not only all the King-
doms, States, and Governments of the World,
but alfo gives fome Account of their Man-
ners, Temper, Religion, Traffick, Manu-
factures, Occupations, &ec, It alfo deferibes
the various Towns and Villages, the larger
and lefler Mountains, Rivers, Forefts, the

feveral Produéts of every Cauntry, the Birds,
Beafts,
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“Beafts, Infe&s, Fifthes, Plants, Herbs, the
Soil, Minerals, Metals, and all Rarities of
Art and Nature : It relates alfo the various
antient and modern Names of the Nations,
Cities, Towns, Rivers, Iflands, &¢. What.
~ remarkable Occurrences of Battles, Victo-
ries, Famine, Defolations, Prodigies, &
has happen’d in every Nation, and whats
{oever has rendered it worthy of publick
Notice in the World.

There are many Books extant in the
World on this Subject; fome of lefler fize,
fuch as Gordow's Geographical Grammar,
Chamberiain’s Geography 5 and larger, (viz.)
Morden’s Geography Rectified, in Quarto;
Thefaurus Geographicus, Moll's Geography in
Folio, &¢.

The Seccond or Special Part of Aftrons-
my is called the Theory of the Hravens, or
the Sun and Planets, which will lead us
into the Knowledge of a thoufand beau-
tiful and entertaining Truths concerning
the Syftem of the World, the various Ap-
- pearances of the Heavenly Bodies, and the
Reafons of thofe Appearances, (viz.) 4
more particular and exa& Account of the
Day and Night, and of the feveral Sea-
{ons of the Year, Spring, Summer, Autumn
and Winter, of the Length and Shortnefs
of the Days: Why in the Winter the Sunis
nearer to us than it is in the Summer, and

H why




100 The firft Principles of  Seét. 18.
why the Winter Half-year is feven or eight
Days fhorter than the Summer Halfiyear:
Whence come the Eclipfes of the Sun and
Moon, both total and partial ; why the Moon
is only eclipfed when the is Fu//, and the Sun
only when the is New : Whence proceed
the different Phafes of the Moon, as the
New or Horned Moon, the Half~Moon, the
Full, &c. Why the two lower Planets Mer-
cury and Venus always keep near the Sun,
and never move fo far as two whole Signs
from it: Why Venus is horned, halved and
full as the Moon is: Why the three fupe-

rior Planets Mars, Fupiter and Saturn appear
at all Diftances from the Sun, and are fome-

times quite oppofite to it: Why both the

upper and lower Plancts fometimes appear
{wifter,- fometimes flower : Why they feem
fometimes to move direély or forward,
{ometimes retrograde or backward, fome-
times are {lationary or feem to ftand fHill:
Why they are fometimes necarer to the
Earth, which is called their Perigeum,
and fometimes farther from the Earth,
which is called their Apogeum, and by this
means appear greater or lefs. Why they
are nigher to or farther from the Sun, which
is called their Peribelion  and Aphelion 5
and in what Part of their Orbits this Dif-
ference falls out: How it comes to pafs
that they feem higher in the Horizon than

"' really

.

PR 1
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really they are by Refraction, and how again
they {feem lower than they really are by the
Parallax. ’

In this Part of Afronomy ’tis proper al-
{o to thew the different Schemes or Hypo~
thefes that have been invented to folve or

explain all thefe Appearances of the Hea-

venly Bodies. Here the Ptolemaick or an-
tient Syftem fhould have the firft Place, to

reprefent how the Antients placed the Earth

in the Centre of the World, and {uppofed
the Suz to move round it amongft the
other Planets as it appears to the vulgar
Eye ; and what tedious and bungling Work
they made by their Contrivance of fi/id
tranfparent Spheres of different Thicknefles,
placed in Eccentrick Order and affifted by
their little Epicycles : 'What infinite Em-
barafiments and Difficulties attend this rude
and 1ll adjufted Contrivance, and how im-
poffible it is to folve all the Appearances
of Nature by this Hypothefss.

Then the Modern or Copernican Scheme
thould be reprefented, which makes the
Heaven all void, or at leaft filled only with

very fine Ethereal Matter; which places

the Sun in the Centre of our World with
all the Planets whirling round it; which
makes the Earth a Planet, turning daily

round its own Axis (which is the Axis of

the Equator) to form Day and Night ;
e and
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and alfo casried yearly round the Sun in'the
Ecliptick between the Orbits of Penus and
Mars to form Summer and Winter. This
Scheme alfo makes the Moon a Secondar
Planet rolling monthly round the Earth,
and carried with it in its yearly Cour[e round
the Sun, whereby all the variety of Ap-
pearances of the Sun and Moon and of all
the Planets, as well as the Differences of
Day and Night, Summer and Winter, are
refolv’d ‘and explain’d with the greateft Eafe,
and in the moft natural and fimple Manner.
Here alfo it fhould be thewn that as
the Moon is but a Secomdary Planet, be-
caufe 1t moves round the Earth which is
it felf a Planet : So fupiter which moves
round the Sun has alfo four Secondary Pla-
nets or Moons moving round it, which are
{fometimes called his Sarelites or Life-
Guards. = Sarturn alfo has five fuch Mooons,
all which keep their certain Periodical Re-
volutions : And befide thefe, Safurn is in-
compaffed with a large Flar Ring 21000
Miles broad, whofe Edges ftand inward to-
ward the Globe of Saturn, (like a wooden
Horizon” round a Globe) at about 21000
Miles diftance from it, which is the moft
amazing Appearance among all the hea-
venly Bodies: But thefe Secondary Planets
which belong to Fupiter and Satwrn to-
gether with this admirable Ring are vifible
only
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only by the Affiftance of Telefcopes: And

yet Mathematicians are arrived at {o great
an Exaltnefs in adjufting the Periods and’
Diftances of thefe Secondary Planets, that
by the Motions and Eclipfes of the Moons
of ‘fupiter they find not only the true
Swiftnefs of the Motion of Light or Sun-
beams; but they find alfo the Diference
of Longitude between two Places on the
Earth. K
It may be manifefted here alfo that fe-
veral of the Planets have their Revolutions
round their own Axzs in certain Periods of
Time, as the Earth has in 24 Hours; and
that they are vaft bulky dark Bodies, fome
of them much bigger than our Earth, and
confequently fitted for the dwelling of
fome Creatures; {o that ’tis probable they
are all Habitable ¥ orlds furnithed with rich
Variety of Inhabitants to the Praife of their
great Creator. Nor is there wanting
fome Proof of this from the Scripture it
felf. For when the Prophet Jfaiab tells us,
that God who formed the Earth created it
not in vain, becaule be formed it to be
inbabited, Ifa, xlv. 18. He thereby infinu-
‘ates, that had fuch a Globe as the Earth 7e-
ver been inbabited, it had been created in
vain. Now the fame Way of Reafoning
may be apply’d to the other Planetary
Worlds, fome of which are fo much big-
15 8 ger
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ger than the Earth is, and their Situations
and Motions feem to render them as con-
venient Dwellings for Creatures of fome
Animal and IntelieGual Kind.

Many of thefe things have been perform-
ed by ingenious Men with great Exactnefs
for the Uic of Perfons learned in the Ma-
thematicks; but I know not any fhort,
plain and intelligible Account of them fit-
~ ted, for the Ufe of the unlearned World,
except among Dr. #ells’s Volumes intitled
Mathematicks for a young Gentleman : Yet
1 perfuade my felf that fome Parts of it
might be performed with greater Eafe and
Clearnefs in a more natural Method, and
to much greater Perfetion, if fome Per-
fon of peculiar Skill in thefe Sciences and

of equal Condefcenfion would undertake
the Work.

onl e XX,

Problems relating to Geography and Aflro-
nomy to be performed by the Globe.

S Theorems in Mathematick Science

are certain Propofitions declaring

fome Mathematical Truth: So a Problem

is a Mathematical Queflion propofed to be
refolved, or fome Praéfice to be performed.
Becaufe this Problematick Part will re-
quire the recollettion of a great many

things
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things in the former Sections, I think it
may not be improper to give a fhort fum-
mary of Definitions of-the chief Subjects
of Difcourfe in the Dolirine of the Sphere,
and fet them 1n one View.

DEFINITION:S.

The Latitude of @ Place on the Earthly
Globe, is the Diftance of the Zenith of
- that Place from the Equator toward the
North or South Pole meafured by the De-
grees of the Meridian.,

The Elevation of the Pole 1s the Height
of the Pole above the Horizon of that
Place meafured on the Meridian: And it
is always the fame Number of Degrees as
the Latitude.

The Longitude of @ Place is the Diftance
of it toward the Eaft or Weft from fome
firtt Meridian, and ’tis meafur’d on- the
Equator.

The Declination of the Sun or any Star
or Planet 1s its Diftance Northward or
Southward from the Equator meafured on

the Meridian. ’Tis the fame thing as La- -

titude on the Earthly Globe.

The Right Afcenfion of the Sun is its
Diftance from that Meridian that cuts the
Point Aries meafured Eaftward on the E-
quator ; ’tis much the fame Wlth Longitude

on the Earthly Globe.
H 4 The
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The Hour of the Sun-is its Diftance from
Noon or the Meridian of the Place mea-
fured on the Equator by 1 5 Degrees, for
every 15 Degrees on the Equator make an
Hour. Or it may be reckon’d from the
oppofite Meridian or Midnight.

Note, The Right Aftenfion is reckon’d
either in Degrees or in Hours,

The Latitude of a Star or Planet is its
Diftance Northward or Southward from the
Ecliptick : Note, 'The Sun has no Latitude
becaufe ’tis always in the Ecliptick.

The Longitude of the Sun or Star is its
Diftance from the Point _rses Eaftward
meafured on the Ecliptick. But with re-
gard to the Sun or a Planet, this is ufually
called the Place of the Sun or Ploner for
any - particular Day, 7. e, its Place in- the
Zodiack, or the Degree of ‘the Sign in
which it is at that Time.

‘The Altitude or Height of the Sun or a
Star is its-Diftance from and above the
Horizon, meafured on the Quadrant of
Altitudes, A

The Deprefion of the Sun or Star is its
Diftance from and below the Horizon,

The Azimuth of the Sun or a Star is its
Diftance from the Cardinal Points of Eaft,
Weft, North or South, meafured on the
Horizon. ' |

The Sun or Stars Meridian Alkitude is

1ts-
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its Altitude or Height when ’tis on the Me-
ridian or at the South.

The Vertical Altitude of the Sun is ufed
by {fome Writers for its Height above the
Horizon when it is in the Azimuth or Ver-
tical Circle of Eaft or Weft. But the Sun
is {aid #o0 be Vertical at any Place when ’tis
in the Zenith of that Place at Noon.

The Amplitude of the Sun or Star is its
Azimuth or Diftance from Eaft or Weft at
rifing or {etting.

The A’fce;ﬁ tonal Dzﬁermce is the Time
of the Sun or Star’s rlﬁng or fetting before
or after fix a Clock : Or it is the Difference
between the Sun or Star’s {femidiurnal Arc
and a Quadrant or go Degrees, as fome Per-
fons exprefs it, becaufe go Degrees or aQua-
drant reaches ﬁom 6 a Clock to 12.

BolRo O By Lo li, VLS,

Problem 1. To find the Longitude and La-

titude of any Place on the Ean‘/yly Globe.
Turn the Globe about till the Place come
juft under the fide of the brazen Meridian
on which the Figures are, which is. called
its Graduated Edge, then the Degree marked
on the Meridian juft over the Place thews
the Latitude either North or South: And
the Globe fo ftanding, that Degree of
the Equator which is cut by the Me-
sidian fhews the true Lomgitude of the
Place.

e ——
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Place. ‘So London will appear to have 513
Degrees of North Latitude, and near 18
Degrees of Longitude, counting the firft
Meridian at Teneriff. So Rome has 41 %
Degrees of North Latitude, and about 1 3
Degrees of Longitude Eaftward from London,
or almoft 31 Degrees from Teneriff.

Problem II. The Longitude or Latitude
of any Place being given, how to find that
Llace on a Globe or. Map.

If only the Latitude of a Place be given,
the Place it felf may be eafily found by
cafting your Eye Eaftward and Weftward
along that Parallel of Latitude in that Part
of the World where it lies, and the Place
(if it be marked on the Globe) will foon
appear.

It the Longitude only were given, guide
your Eye along that Meridian Northward or
Southward, and you will quickly fee it.

But if both Longitude and Latitude be
given then the Place is immediately found,
for where the given Line of Longitude or
Meridian cuts the given Line of Latitude,
there is the Place required. Thefe two
Problems alfo may be pra@ifed ona Map as
well as on a Globe,

Problem III. To find the Diftance of any
fwo Places on the Earthly Globe, or two Stars
o7 the Heavenly, | Here
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Here let it be noted that a Degree of
the Meridian or of the Equator, or of an
great Circle on the Earthly Globe is found
by Meafure to be 69 2or 7o Englifh Miles :
See Prob. XII. Se&t. XX, Tho’ Geographers
many times count 6o Geographical Miles to
a Degree, making them the fame with the
Minutes of a Degree for the greater Eafe in
Computation.

Let it be noted alfo, that all the Degrees
on the Meridians or Lines of Longitude
on the Globe are equal, becaufe all thofe
Lines are greatCircles ; but in the Parallels
of Latitude, the farther you go from the
Equator the Circle grows lefs and Iefs,
and confequently the Degrees of thofe Cir-
cles are lefs alfo : And therefore if two
diftant Places are either both on the Equator
or have the fame Meridian, the Number of
the Degrees of their Diftance on the Equa-
tor or on the Meridian being reduced to
Miles fhews you their true Diftance: But
if the two Places are not both on #he E-
quator nor on the fame Meridian, you muit
find their true Diftance by the following
Method

o perform this zhird Problem lay the

ngdrant of Altitude from one Place to
the other, and that will thew the Number
of Degrees of Diftance, which being mul-
tiplied by 60 Geographical Miles, or by

79

e e e o e .
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70 Englifh Miles will give the Diftance
fought.

Or you may take the Diftance between the
two Places with a pair of Compafles and
meafure it upon the Equator, which fhews
the Diftance in Degrees, and then reduce
them to Miles.

The Quadrant of Altitudes or a pair of
Compafles in the fame Manner will fhew
the Diftance of any two Stars on the Hea-
venly Globe (v7z.) in Degrees, but not in
Miles,

Obferve here, thatthough thefe Methods
will find the true Diftance of Places on the
Globe, yet on a Map the fame Methods are
ufelefs; becaufe in Maps or plane Surfaces
the Degrees of Longitude marked on the
fame parallel of Latitude are unequal, and
fo the' Degrees of Latitude marked on the
fame Meridian are often unequal.. (See the
XI1. Section concerning Maps.) 'The only
way therefore ‘of meafuring Diftances on a
Map is to meafure the number of Degrees
on the neareflt correfpondent Line of Lon-
gitude or Latitude, and apply that to the
Diftance required, which after all is but an
uncertain Account,

Problem IV. 7o find the Antceci, Peri-
cect and Antipodes of any Place given, fup-
pofe of London.

' Bring
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Bring London to the Meridian, obferve
its Latitude Northward, then reckon fo
many Degrees on the Meridian from the
Equator Southward, and it thews the Place
of the Antec:. :

Keep London under the Meridian, fet the
Hour Index or Pointer on the Dial at the
Pole to the upper 12 which is 12 aClock at
Noon, turn the Globe about till the Index
point to 12 at Midnight, and the Place that
~ will be under the fame Degree of the Me-
ridian where London was fhews where the
Periceci dwell.

The Globe fo ftanding, count the fame
 Degrees of Latitude from the Meridian
Southward and that will thew who are the ;
Antipodes to London. i

Problem V. Any Place being given to
find all thofe Places which have the fame
Hour of the Day with that in the given |
Place. i

All the Places that have the fame Longi- |
tude have the fame Hour. Bring the given 1
Place therefore to the Brazen Meridian, and i
obferve what Places are then exaltly under |
the graduated Edge of that Meridian, for
the People in thofe Places have the fame
Hour, and their Habitation has the fame |
Longitude, i

Problem VI.
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Problem V1. Any Place being given (fup-
pole Paris) to find all thofe Places in the
World which bave the [ame Latitude, and
confequently have their Days and Nights of
zhe fame Length.

Bring Paris to the Meridian, and you find
it near 49 Degrees North Latitude. Turn
the Globe all round, and all thofe Places
which pafs under the 49¢™ Degree of the
Meridian have the fameLatitude with Parss,
and the Pole is juft as much elevated above
their Horizon, v7z. 49 Degrees.

Problem VI. To rectify the Globe accord-
ng to the Latitude of any given Place.

Elevate the proper Pole (whether it be
North or South) fo far above the Horizon
, as is the Latitude of the Place propofed ;

this is done by moving the Pole of the Globe
upward from the Horizon counting by the
Degrees of the under part of the Meridian,
which begin to be numbered from the Pole ;
thus for London you muft raife the Pole
513 Degrees above the Horizon.

Then while London ftands under the
Meridian, the true and real Situation of it
s exaltly reprefented on the Globe with its
proper Horizon : For London is by this.
means placed in the Zenith, or on the very
Top of the Globe, at go Degrees Diftance
from the Horizon every Way ; and thus the

Zenith
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Zenith is as high above the Equator on the
South fide as the Pole s above the Horizon
on the North fide. |

To render this Reprefentation of the Si-
tuation of any Place yet more perfed, ’tis
a ufeful thing to have a {mall Mariner’s
Compafs at Hand with the Needle touch’d
with a Loadftone, to thew which are the
North or South Points of the real Horizon,
and then, as near as you can, fet the Brazen
Meridian of the Globe exaltly North and
South.

Thus the Wooden Horizon will be a perfe&
Parallel to the real Horizon, the brazen
Meridian to the real Meridian, the Equator,
the Ec/iptick and all the /leffer Circles, and
the Points on the Globe will reprefent thofe
Circles and Points on the Earth or in the
Heavens, in their proper Pofition. :

Problem VIII. The Hour being given in
any Place (as at London) to find what Hour
3t 15 in any other part of the World.

Rectify the Globe for London, bring the
City London to the fide of the Meridian
where the Degrees are marked; then fix
the Index of the Dial-plate to the Hour
given, (fuppofe four a Clock in the After-
noon) this being done turn the Globe and
bring any Places fucceffively to the Meri-
dian, then the Index or Hour Pointer will
2 ~ thew
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thew the #rue Hour at the Place required.
Thus when it is four a Clock in the After-
noon at London it is almoft five at Rome,
near {ix at Conflantinople, ’tis almoft half an
Hour paft nine at Night at Forz St. George
in the Eafl-Indies, ’tis near Midnight at
Pekin in China, ’tis eleven a Clock in the
Morning at Famaica, and a little paft Noon
at Bar badoes.

Problem IX. To reétify the Globe for the
Zenith.

After the former Re&ification for the La-
#itude of the Place; faften the Edge of the
Nut of the Quadrant of Altitude on its gra-
"duated fide at the proper Degree of Latitude
on the graduated fide of the brazen Meri-
dian, and that will reprefent the Zensith of
that Place in the Heavens.

The Quadrant of Altitude being thus
faftened ferves to meafure the Suz or Star’s
Altitude above the Horizon; and the Sux
or Star’s Azimuth ; and it has been fome-
times (though erroneoufly) ufed to thew the
Bearing of one Place to another, as in the
following Problem. ‘ '

Problem X. Any two Places being given,
to find the Bearing from one to the other,
2. e. at what Point of the Compafs the one

lies in refpet to the other.
The
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The common Way whereby feveral Wri-
ters have folved this Problem is this. Rec-
tify the Globe both for the Latitude and
for the Zenith of one of thofe Places, and

- bring that Place to the Zenith. Then bring
down the Edge of the Quadrant of Altitude
to the other Place, and the End of the Qua-
drant fhall cut the Horizon in the true Point
of the Compafs, and thew how the one
bears to the other. So if you rectify the
Globe for the Latitude and Zenith of Bar-
badoes, you will find that Cape Finifterre
in Spain, and Azoff in Mufcovy both lie in
a dire® Line North-eaft from Barbadoes,
according to this Practice.

But here let it be noted that though ac-
cording to this fort of meafuring they both
lie North-eaft from Barbadoes, yet they don’t
lie North-eaft of one another; for if you
re@ify the Globe for the Latitude and “Ze-
nith of Cape Finiflerre you will find Azoff
lies near Eafi-North-eaft from Cape Fini-

Jlerre, or more than two Points of the Com-
pafs, (7:e. more than 227 Degrees) different
from the North-eaft.

And if a Sailor or Traveller who 1s at
Barbadoes thould every League or Mile of
his Way, by obferving the Compafs, {till
make toward the North-eqff, he would
come f{ooner to the Hebrides or Weftern
Scots Iflands than to Azoff, or even to
Cape Finifterre, But the Courfe that he muft

I really
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really fteer to come to Cape Finifterre is near
North-caft and by Eaft : And if he could
fail all the way clear to Azoff from Barba-
does he muft fteer {till much more to the Eq/?-
ward : All which things thew the miftake
of {olving this Problem in this manner.

Perhaps this may be made yet plainer to
a Learner if we name two Places which lie
under the fame parallel of Latitude, (v7z.)
Madrid in Spain, and Pekin in China, La-
titude g0. Now thefe muft always bear
directly Eaft and Weft from each other.
But if you bring Madrid to the Zenith, and
having fix’d there your Quadrant of Alti-
tude, you bend it down to the Horizon, it
will not follow the Courfe of the 40 Pa-
rallel of Latitude and lead your Eye to Pe-
kin, but to much more Southern Places ve-
ry far diftant from Pe#zn, and which have
a very different Bearing, (viz.) to the Ifle
of Ceylon, &c.

Upon this Account the beft Writers call
that the Angle of Pofition between two
Places, which is found by the Quadrant of'
Altitude thus fix’d at the Zenith of any
Place, and drawn down to the Horizon :
But they defcribe the Rbumb or Courfe of
Bearing from one Place to the other in a
different manner, (viz.) It is that Point of
the Compalfs toward which any Perfon muft
conftantly [ail or travel in order to arrive at
the difiant Place given. And without all

4 doubt
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- doubt this is the moft juft and exa& Account
of Things.

Now 1n order to find this, ’tis {ufficient
for a Learner to know that if any one of
the Lines drawn from the Points of the Ma-
riner’s Compafs marked on the Globe, (which
are called Rhumb Lines) pafles through both
Places, that Line thews the Courfe or Bear-
ng from one to the other, asthe Courfe from
Cape St. Vincent in Portugal to Cat Ifland
among the Babamia Iflands is Weft and by
South.

If no Rbumb Line pafs through thofe
Places, then that Rbumb Line to which
thofe two Places lie moft parallel, fhews
their Bearing : Thus the Courfe from Bar-
badoes to Cape Finifterre is North-Eaft and
by Eafl, or thereabouts,

If the Learner has a Mind to fee the Rea-
fon why there muft be fuch a Difference be-
twixt the Angle of Pofition between two
Places and their Courfe of Bearing to each o-
ther, I know not how to reprefent it upon a
flat Surface plainer than by Fig. XXI.

Suppofe the four Cardinal Points, Nor¢h,
South, Eaft and Weft, are reprefented on
the Globe by the Letters N.S. W.E : Sup-
pofe three diftant Places are B Barbadoes,
C Cape Finiflerre, and A Azoff. If the
Surface of the Earth were not Spherical, but
a Plane, and the Meridians of thefe Places
were all parallel (as in that Reprefentation

Qr
3




o

118 | The ﬁiﬁ Prineiples bf ‘ J;{;_‘Sec?c 19.

or Projetion of the Globe which 1s called
" Mercator’s Chart) then their Angle of Pofi-
tion and their Courfe of Bearing would be
the fame: Then as N S is the Meridian of
the Place B, fo gu would be the Meridian
of the Place C (viz.) a ftrait Line and pa-
rallel to N S: Then the Line BC A would
be the Line or Rhumb of North-eaft, (viz.)
45 Degrees diftant from N S ; which would
reprefent both the Angle of Pofition and the
Courfe of Bearing between all the three Places
B, C and A: For the Angle ¢ CA would
be the fame with the Angle NBA; and
thus A would ftll bear North-eaff from
C and from B *,

But the Earth being of a Spherical Figure
and the Meridians meeting in the Poles,
the Meridian of B on the Globe being
brought to the Zenith is N S ; the Meridi-
an of C is the Curve Line NC m; and
the Meridian of A is the Curve Line N AZ;
all which meet in N the North Pole. Now
though the ftrait Line BCA fhews the
Angle of Pofition between the three Places
B, Cand A, (as B ftands on the Globe at
the Zenith) yet the Line BC A does by no

* And for this reafon in thofe Sea-Charts where the Points
of the Compals or Rhumbs are drawn in ftrait Lines quite
through the Chart, the Meridians or Lines of Longitude are
all made firait and parallel Lires ;: For if the Meridians were a
little curved as they ar: commorly in Map<, the Xhumbs could
not be drawn through the Chart in ftrait Lines. & ce Se. XL
Of Sea-Charts, pag. 68.

mecans
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means make the fame Angles, or has the
Jame Bearing with the Curve Line N C 7
(which is the Meridian of C) as it does with
NS (which is the Meridian of B:) and it
ftill makes more different Angles with the
Curve Line N AZ (which is the Meridian
of A.)

Thence it follows that all the Rbumb
Lines muft be a fort of Spiral Lines on the
Globe, except the North and South, which
is the Meridian, and the Egiator with its
Parallels of Egf and Weft, which are
Circles .

The North-egft Line in this place muft
be B P x ftill gradually inclining toward the
feveral Meridians, that f{o it may make the
fame Angles with the Meridians N C 7 and
N A Z as 1t does with N BS.

But by this means you f{ee that to fteer or
travel flill to the North-ea/t would bring

ou down to P and x not to C and A.

You fee alfo that the Courfe you muit

fteer or travel to come to A will be repre-

* All the other Lines of Ea/f and e/ befides the Equator
are Parallels of Latitude, and are leffer Circles. And tho the
Lme of Eajt and W/t in this Figure be for the eafe of a young
Learner reprefented m a firaic Line, becaufe ’tis a Parallel to
the Equator, and if drawn round the Globe would be a per-
fect Circle and run into it felf, yet it theald more properly be
fo far curved as to cut all the Side-Meridians N m and N Z,
at right Angles as well as the Meridian of the Place N'S.
And thus they are commonly drawn in Maps of the World,
wherein there is no Line of Ez/ and /¢! drawn firait befides
the Equator,

X2 {ented
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fented by the Line B » A, which is much
nearer the Eg/t Point.

But this is fomething too laborious and
painful for every Reader to trouble his
Thoughts with it.

Problem X1. Having the Day of the
Month given, to find the Sun’s Place in the
Ecliptick.

Find the Day of the Month in the Calen-
dar on the Horizon, (either Old Stile or
New, which foever is required) lay a flat
Rule on the Day of the Month, and over
againft it on the inner Edge of the Horizon
will appear both the Sign in which the Sun
is, and the Degree of “that S Sign, as on the
IOth of May Old Stile, the St is juft en-
tering, into the fir/} Degree of Gemini, which
you may find 1 both ‘the Globes on the E-
cliptick Circle; and there you may alfo
compute the Longitude of the Sun from
the Paint Arzes if you pleafe,

Problem XII. The Day of the Month being
given, to find thofe P/aces aj the Globe fu:/yere
the Sun will be Vertical or in the Zenith that
Day.

Fmd out the Sun’s Place in the Ecliptick
Circle brmg it to the Meridian ; mark the
Degreb over it 3 then turn the Globe round,
and all thofe Places that pafs under that Dev
oree will have the Sun 1n their Zenirh that

Da_y. Pro-
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Problem XIII. The Day and Hour of the
Day at one place, (viz.) London being given,
to find at what other Place the Sun is Vertical
at that Hour.

The Sun’sPlace for that Day being brought
to the Meridian, and the Degree over it
(7. e. the Declination) being obferved, bring
the firft place, 7.e. London to the Meridian.
Set the Hour Index to the given Hour ; and
turn the Globe till the Index come to the
upper 12 (that is 12 at Noon) then the Place
of the Earth that ftands under the obferved
Degree of the Meridian has the Sun at that
Moment in the Zenith.

Problem XIV. The Day and Hour af one
Place, (viz.) London being given, to find all
thofe Places of the Earth where the Sun is then
rifing, [etting, or on the Meridian, (which
75 call'd culminating) alfo where it 15 Day-
light, Twilight, or Dark Night. |

By the foregoing Problem find the Place
where the Sun is Vertical at the Hour given:
Re&ify the Globe for the Latitude of that
Place ; bring that Place to the Meridian.

Then all thofe Places that are in the ¢/t
Semi-Circle of the Horizon have the Sun
rifing, for ’tis go Degrees from their Zenith.

Thofe in the Egf Semi-Circle of the
Horizon have it fetting, for 'tis go Degrees
paft their Zenith.

3.4 To
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To thofe who live under the fame Line of
Longitude or Upper-Meridian, ’tis Noon, if
they have any Day at that time.

"T'o thofe who live under the oppofite Line
of Longitude or Lower Meridian *tis M-
night, if they have any Night at that time.

Thofe Places that are above the Horizon
have the Sun above their Horizon fo many
Degrees as the Places themfelves are.

'Thofe Places that are under the Horizon
but within 18 Degrees, have Tawilight.

And with thofe who are lower than 18
Degrees, ’tis Dark Night.

Problem XV. A Place being given in the
Torrid Zone to find thofe two Days in which
the Sun fhall be Vertical there.

Bring the Place to the Meridian ; mark
the Degree over it, which is its Latitude ;
move the Globe round and obferve thefe
two oppofite Points of the Ecliptick that
pafs through the aforefaid Degree ; fearch
on the Wooden Horizon on what two Days
the Sun pafles through thofe two Points of
the Ecliptick, for then the Sun at Noon will
be in the Zenith of the Place given,

Problem XVI. A Place being given in one
of the Frigid Zones (fuppofe the North) to find
when the Sun begins to depart from or o ap-
pear on that Place, how long he is abfent, and
bow long he fhines conftantly upon it

Sup-
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Suppofe the Place given be the North
Cape of Lapland 71 Degrees of Latitude.
Rectify the Globe for that Place, or elevate
the Pole 71 Degrees ; then turn the Globe
till the defcending part of the Ecliptick,
the Meridian and South Point. of the Hori-
zon meet together : Thus the Ecliptick will
{hew that the Sun toward the End of Scor-
pio (that isalittle after the beginning of No-
vember) goes below the Horizon intirely and
leaves that part of Lapland.

Then turn the Globe a little farther till
the afcending part of the Ecliptick meet
the Meridian in the fame South Point of
the Horizon, and it will thew that about
the ninth or tenth Degree of Aquarius, that
is, after the middle of . Fanuary the Sun be-
gins to rife above their Horizon. Thus they
are at leaft two Months without the Sun 1n
Winter.

In like manner bring the afcending part of
the Ecliptick to meet the Meridian in the
North Point of the Horizon, there you will
find that the Sun begins to be entirely above
their Horizon toward the End of Taurus,
or near the beginning of May ; and if you
turn the Globe a little farther the defcend-
ing Ecliptick will meet the Meridian and-
Horizon in the North at the 8 or g™ De-
gree of Leo or after the middle of July :
Thus it appears that thofe Laplanders will
have the Sun at leaft two Months above

their
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their Horizon in Summer, or two Months
of compleat Day-light,

Problem XVII. % find the Sun’s Decl;-
nation and Right Afcenfion any Day in the
Year : Suppofe the tenth of May. .

Find out the Sun’s Place for that Day, or
the beginning of the firft Degree of Gemins
on the Ecliptick ; bring that Point of the
Ecliptick to the Meridian, and the Degrees
numbred on the Meridian will fhew the
Sun’s Declination, ( viz. ) 20 Degrees
Northward. :

At the famec . .time the Place where the
Meridian cuts the Equator will thew the
Right Afcenfion of the Sun, or its Diftance
from the Point 4rzes on the Equator, (27z.)
59 Degrees. It is marked ufually in De-
grees on the Globe ; if you would turn it
into Hours, divide it by 15 and it amounts
to three Hours 14 which is 6 Minutes,

Note, That any Star’s Declination and
Right Afcenfion are found the fame way by
bringing it to the Meridian.

Remember the Sun’s Declination is al-
ways North in our Summer Half-year from
the 10® of Muarch, and Southward in our
Winter Half-year from the 12% of Sep-

tember,

Problem XVIIL To retify the Globe  for
the Sun’s Place, any Day in the Year, and
#hus to reprefent the Face of the Heavens for
¢hat Day. Bring
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Bring the Sun’s Place found on the E-
cliptick of the Globe to the Meridian ; and
at the fame time fet the Hour-Index or
Pointer of the Dial to the upper 12, that
is, to Noon.

Note, When the Globe is thus rectified
for the Latitude of the particular Town or
City by Problem 7%, and for the Zenith of
it by Problem g%, and for the Sun’s Place
in the Ecliptick that Day by this Problem
188%™ ’tis then fitted to refolve moft of the
following Problems, for then it moft exactly
reprefents the real Face and State of the
Heavens for that Day.

Here let it be obferved that this Practice
does really reprefent the Face of the Hea-
vens only for that Day at Noon, (when the
Aftronomers Day begins ; and not for all
the following Hours of the Day ; becaufe
the Sun is every Moment changing his Place
a little in the Ecliptick. But ’tis cuftomary
and ’tis fufficient for Learners to make this
go for a Reprefentation of the Heavens for
all that Day, to perform any common Ope¢-
rations. :

Problemn XIX. The Place and Day being
given, (viz. May 10 at London) to find at
what Hour the Sun rifes or fets, bis afcenfional
Difference, his Amplitude, the Length of
Day and Night,

Rectify
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Rectify for the Latitude, and for the
Sun’s Place, then bring the Sun’s Place
down to the Eaffern Part of the Horizon,
and the Index will thew the Time of Sux
rife on the Dial, (viz.) five Minutes after
four in the Morning.  Bring the Sun’s Place
to the Weftern fide of the Horizon, and the
Dial will thew the Hour of Sun fetting, (viz.)
five Minutes before cight at Night,

Thus his Afeenfional Difference will ap-
pear, that is, how long he rifes or fets. be-
fore or after fix a Clock, which is one Hour
and 55 Minutes.

Thus alfo his Amplitude will appear in
the Horizon to be almoft 34 Degrees to the
North of the Eafl.

‘The Hour of the Sun’s rifing doubled
gives the Length of the Night, (viz.) eight
Hours and 10 Minutes; and the Hour of
the Sun’s fetting doubled gives the Lengsb
of the Day, which will be 16 Hours want-
ing 1o Minutes, 7. ¢, 1 5 Hours 50 Minutes.

Problem XX. The Place and Day being
grven, to find the Altitude of the Surn at any
g1ven Hour. ,

Rectify for the Latitude, for the Zenith
and for the Sun’s Place: Bring the Qua-
drant of Altitude under the Meridian, and
it will meet the Sun’s Place in the Meridian
Altitude of the Sun that Day, and thus fhew
how high it is at Nooz. Turn



Se@. 19. Geography and Aftronomy. 127

Turn the Globe till the Index point to
any other given Hour on the Dial, then ob-
{erve where the Sun’s Place is, bring the
Quadrant of Altitude to it, and it will {hew
the Sun’s Altitude at that Hour : Thus May
1o at London the Sun’s Meridian Altitude
will be a little above 58 1Degrees, and at
g a Clock in the Morning will be 43 %.

Problem XXI. The Place and Day being
given, to find the Azimuth of the Sun at any
given Hour.

Rectify the Globe for the Latitude, the
Zenith and the Sun’s Place : 'Then turn the
Globe till the Index point to the Hour
given ; then obferve the Sun’s Place ; brin
the Edge of the Quadrant of Altitude down
upon it, and it will cut the Horizon in the
Azimuth of the Sun, or thew what Point
of the Compafs the Sunis in. Thus May
10™ at 20 Minutes paft g in the Morning,
the Sun’s Azimuth will be about 60 De-
grees from the South toward the Eaff, that
1s, near South-eaft and by Eafl.

Problem XXII: The Sun’s Altitude being
given at any certain Place and Day, to find
the Hour of the Day, and alfo his Azimuth.

Re&ify as before for the Latitude, the
Zenith and the Sun’s Place : Turn the Globe,
and move the Quadrant of Altitudes {o that

the
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the Sun’s Place may meet the Degree of Al-
titude given on the Quadrant, then the Jj.-
dex will thew the Hour on the Dial 5 and the
Quadrant of Altitude will cut the Aesmush
on the Horizon, Thus May 10% in the
Morning, if the Altitude be near 46 De-
grees the Azimuth from the South will be
60, and the Hour 20 Minutes paft g.

Here Note, That to find the Su’s Hour
or Azimuthby his Altitude, you thould ne-
ver feek it too near Noon, becaufe then
the Altitude alters fo very little for two
Hours together.,

Problem XXIIL. When the Sun is dye Eaf?
or Weft in Summer bow to find the Hour, and
bis Altitude.

Rectify as before ; then bring the Qua-
drant to cut the Egff or #eff Point of the
Horizon, and turn the Globe till the Sun’s
Place in the Ecliptick meet the Edge of the
Quadrant. Thus the Quadrant will {hevw
the Altitude, and the Index will point to
the Hour : Thus May 10™ in the Afternoon
the’ Sun will be due Wejt at about g6 Mi-
nutes paft 4 ; and its Altude will be near
26 Degrees. This is called the Vertical
Altitude by fome Writers.

Thus if the Place and Day be known, and
either the Hour, the Azimuth or the Alf;-

fude be given, you may eafily find the other
two, Pro~
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Problem XXIV. 9o find the Degree of
the Depreffion of the Sun below the Horizon,
or ifs Azimuth at any given Hour of the
Night.

Obferve the Place of the Sun, fuppofe
May 10%in the firft Degree of Gemini, then
feek his oppofite Place in the Ecliptick at
half a Year’s Diftance, (viz.) the firft De-
gree of Sagittary on the 12" of November ;
this being done feek the Altitudes, the
Azimuths, and the Hours juft as you pleafe
for that Day, and they will thew you what
are the Sun’s Depreffions, Azimuths and
Hours on the 10® of May at Night *,

Problem XXV. To find how long the Twi-
light continues in any given Place and given
Day, [uppofe the 10* of May af London
both at Morning and Evening. -

The Way to anfwer this Queftion is to
feek how many Hours or Minutes it will
be after Sun fet, ¢’er the Sun be depreft
18 Degrees below the Horizon in that
Place on the 10™ of May : And fo before
Sun rife for the Morning Twilight, This

* Note, TheReafon why we ufe the oppofite part of the
Globe to find the Degrees of Depreffion of the Sun, is be-
caufe the Wooden Horizon is fo thick,- that we cannot con-
venientlyfee, obferve, orcompute the Diftances of Depreffion
from the Upper-Edge of it, which Edge is the true Reprefen-
tative of the real Horizyn,

i
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is beft performed by feeking how long it
will be after Sun rife or before Sun fet on
the 12 of November that the Sun will have
18 Degrees of Altitude, which is done by
the foregoing Problem.

Note, That from the 15™ of May to the
7 of Fuly at London, there is no dark
Night, but conftant Twilight : For during
this Space the Sun is never depreft above
18 Degrees below the Horizon.

Problem XXVI. To know by the Globe
the Length of the longeft and fhorteft Days
and Nights in any Place of the World.

Remember that the Sun enters the firft
Degree of Cancer on the longeft Day at all
Places on the Norzh fide of the Equator,
and the firft Degree of Capricorn on the
South fide : Alfo remember that he enters
the firft Degree of Capricorn the fhorteft
Day in all Places of the Northern Hemi-
fphere, and the firft Degree of Cancer in the
Southern : Then rectify the Globe for the
Latitude and Sun’s Place, and find the Hour
of Sun rifing, which doubled fhews the
Length of the Night : And the Hour of the
Sun fetting doubled thews the Length of the
Day, as in Problem XIX.

Problem XXVII. The Declhnation and
Meridian Altitude of the Sun or of any

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

Mark the Point of Declination on the
Meridian as it is either North or South from
the Eguator ; then flide the Meridian up.
and down in the Notches till the Point of
Declination be fo far diftant from the Ho-
rizon as is the given Meridian Altitudp.
Then is the Pole elevated to the Latitude
fought.

Thus where the Sun or any Star’s Meri-
dian Altitude is 8z Degrees, and its De-
clination 20 Degrees Northward, the Lat;-
fude of that Place will be 513 Degrees
North. See more Problem VII, VI, IX.
Sect. XX, : ,

Note, There are fome few Probiens
which relate to the Sun and to the Hour,
which may be performed on the Globe
when the Sun fhines, tho’ not with any
great Exaltnefs, yet fufficient for Demon-
ftration of the Reafon of them as follows.

Problem XXVIII. The Latitude of @ Place
being given, to find the Hour of the Day in
the Summer when the Sun fbiries.

Set the Frame of the Globe upon a Plane
perfectly Level or Horizontal, and fet the
Meridian due North and South 5 both which
are difficult to be done exatly, even tho’
you have a Mariner's Compafs by you:

K Then
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Then retify the Globe for the Latitude,
and the iron Pin of the Pole will caft a
Shadow on the Dial and fhew the #ue
Hour. For when the Globe is thus placed,
the Dial Plate with the Pole in the Centre
of it is a true Eguinoitial Dial for our
Summer Half-Year, when the Sun is on the
North fide of the Equator. |

The fame may be alfo done in the #7n-
ter Half-Year by deprefling the North Pole
as much below the South Part of the Ho-
rizon as is equal to the Latitude of the
Place ; for then the Disal Plate is a proper
Equinoétial Dial for the Winter Half-Year :
But this is not fo commodioufly performed,

though the Reafon of it is the fame as the
former.

Problem XXIX. To find the Sun's Alti-
tude when it fhines, by the Globe.

Set the Frame of the Globe truly Hori~
zontal or Level ; turn the North Pole to
the Sun ; move the Meridian up and down
in the Notches till the Axis caft no Shadow
for then it points exa@ly to the Sun, and then
the Arch of the Meridian between the Pole
and the Horizon thews the Sux’s Altitude.

. Problem XXX. The Latitude and Day of
the Month being given, fo find the Hour of
the Day when the Sun [bines.

2 Let
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- Let the Globe ftand on a Level, and the
Meridian due North and South ; reify
the Globe for the Lafitude and for the Sun’s
Place; ftick a Needle perpendicular to the
Sun’s Place on the Globe; turn the Globe
about till the Needle point directly toward
the Sun, and ‘caft no thadow ; then will
the Index thew the Hour of the Day.

I proceed now to thew fome Problems to
be performed by the Stars upon the Heaven-
ly Globe.

Problem XXXI. The Place being given,
to find what Stars never rife or never [t
in that Place.

Rectify the Globe for the Eatitude ; turn
it round, and obferve that fuch Stars as
don’t go under the Horizon during its whole
Revolution, do never fet in the Place given;
and fuch Stars as rife not above the Hori-
zon of the Globe during its whole Revo-
lution, they never rife in the Place given,
nor are ever feen by the Inhabitants thereof :
So the /ittle Bear, the Dragon, Cepheus,
Caffiopea and the great Bear never fet at
London, and many of the Southern Conffel-
lations never rife.,

Problem XXXII. The Place and Day of
the Month being given, to reprefent the Face
or Appearance of the Heavens and fhew

2 the
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the Situation of all the fixed Stars at any
Hour of the Night.

Set the Globe exactly North and South :
Rectify it for the Latitude, and for the
Sun’s Place ; then turn the Globe till the
Index points to the given Hour. Thus
every Star on the Globe will exactly anfwer
the Appearance of the Stars in the Heavens;
and you may {ee what Stars are near or on
the Meridian, which are rifing or {fetting,
which are on the Eaft or Weft fide of the
Heavens. Thus O&fober 13™ at 10 a Clock
at Night the glorious Conftellation Orzon
will appear on the Eaft fide at London, the
Star Rege/ in the left Knee (or Foot) of
Orion juft above the Horizon, the three
Stars in his Girdle a little higher, &¢. This
reprefents the Face of the Heavens at Night,
as Problem XVIII. does in the Day.

Note, This Problem is of excellent Ufe
to find out and know the feveral Conftella-
tions, and the more remarkable Stars in each
Conftellation.

Here follow {everal Problems to find the
Hour of the Night by the Stars.

Problem XXXIII. Ay Star on the Meri-
dian_being given, to find the Hour of the
Night.

In order to find what Stars are wupon the
Meridian at any Time, it is good to have

a
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a Meridian Line drawn both in a North and
in a South Window ; that is, a Line point-
ing exaltly to the North and South : Then
fet up a broad {fmooth Board of 20 or 2
Inches high and 8 or 1o Inches broad;
place it perpendicular on the Window with
its lower Edge on or parallel to the Meri-
dian Line ; and fixing your Eye at the up-
right neareft Edge of the Board, and glanc-
ing along the plain Face of it, you will ea-
fily obferve what Stars are on the Meridian,
either North or South at that Time *,

Having found what Star is on the Meri-
dian, rectify the Globe for the Latitude,
and for the Sun’s Place that Day ; then
bring the Centre of the Star which is on the
Meridian in the Heavens to the Edge of the
brazen Meridian of the Globe ; and the In-
dex will thew tbe time of Night on the
North fide of the Dial among the Even-
ing, or Midnight, or early Morning Hours.

Note, How to draw a Meridian Line, fee
Sec?. XX. Prob. XXII, &e.

* Note, To fet the Board perpendicular and convenient, ’tis
fit to have a foot made to it behind,” that it may ftand firm.
And let a ftrait Line’be drawn from the top to the bottom of
the Board, through the middle of it, parallel to the Sides:
Fix alfo a Pin in the upper Part of this Line near the top of
this upright Board, on which hang a Thread and Plummet to

lay loofe in a Hole near the bottom to keep it perpendicular.
Then the Thread hanging almoft clofe to the Board will direct
your Eye to the Stars on the Meridian.

K 3 Problem
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Problem. XXXIV. The Azimuth of an
known Star being given, to find the Time of

- INight.

The Method I juft before propofed will
eafily find the Azzmuth of any Star, Set
this tall flit Board perpendicular on the
Window with one End of it upon the Me-
ridian Line drawn there, fo as that your
Eye may juft fee the Star in the very Edge
of the Plane of this Board; then a Line
drawn on the Window by the Foot of the
Board will crofs the Meridian Line in the
true Angle of its . Azimuth, or its Diftance
from the North or South.

Having found the Azimuth of the Star,
re&ify the Globe for the Latitude and for
the Sun’s Place as before; rectify it alfo
for the Zenmith, and bring the Quadrant of
Altitude to the Azimuth of the Star in the
Horizon ; then turn the Globe till the gra-
duated Edge of the Quadrant of Altitude
cut the Centre of that Star, and the Index
will thew the Hour of the Night upon the
Dial Plate.

Note, That if you have a Meridian Line
drawn on a Window, you may find by fuch
Methods as thefe when the Sun is in the Me-
ridian, and what is its Azimuth at any Time.

Problem XXXV. The Altitude of a Star
éemg given, to find the Hour of the Night.
Note,
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Note, That the Altitude of the Star muft
be found by a Quadrant or fome fuch In-
ftrument : But remember that if you would
find the Hour by the Altitude of a Star,
you muft never choofe a Star that is too
near the Meridian ; becaufe for almoft two
Hours together the Altitude varles very
little when it is near the Meridiazn.

Reify the Globe as before for Latitude,
Zenith and Sun’s Place ; move the Globe
and the Quadrant of Altitude backward or
forward till the Centre of that Star meet
the Quadrant of Altitude in the Degree of
Altitude which is given, then the Index
will point to the zrue Hour.

Note, Thefe three laft Problems being
well underftood will thew you how to find
at what Hour any Star will rife or fet any
Day of the Year ; what Stars are or will
be upon the North or South Meridian at
any Hour given ; what Stars are in the Eaft
or the Weft, or on any Points of Azimuth
at any time of the Night; and what Al-
titude they have at that Hour, or at that
Azimuth.

Problem XXXVI. To find the Latitude
and Longitude of any Star : Alfo its Right
Afcenfion and Declination.

Put the Centre of the Quadrant of Alti-

tude on the proper Pole of the Ecliptick,
K 4 whether
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whether it be North or South ; bring its
graduated Edge to the given Star; then
that Degree on the Quadrant is the Srar's
Latitude 5 and the Degree cut by the Qua-
drant on the Ecliptick is the Star’s Longi-
tude. 'Thus the Latitude of 4r&urus is 37
Degrees North : Its Longitude is 200 De-
grees from the point Aries or 20 Degrees
from Libra. The Latitude of Sir7us or the
Dog-Star is near 40 Degrees of South La-
titude, and its Longitude is about oo De-
grees from Aries or 1o Degrees from
Cancer,

"To find a Star’s Right Afcenfion and De-
chination, fee Problem XVII. for it is done
the fame Way as that of the Suz ; only ob-
ferve this Difference, that the Sux changes
both his Right Afcenfion and his Declina-
tion every Day, whereas the fixt Stars have
the fame Right Afcenfion and Declination
all the Days in the Year.

Remember alfo that the fixt Stars every
Day in the fame Year keep the fume Los-
gitude and Latitude, as well as the fame
Right Aftenfion and Declination *; but the
Planets are ever changing all thefe, and the

* The infenfible Change of the Longitude, Right Afcen-
fion, and Declination of the fixt Stars, made by their flow
Moation parallel to the Ecliptick is not worth notice in this
Place. '

Learner
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Learner can know none of them but by
fome Almanacks which are called Epheme-
rides, or Tables which are calculated on
Purpofe to thew the Longitude and Lati-
tude, or the Place of the feveral Planets
among the twelve Signs of the Zodiack
every Day in the Year.

Problem XXXVII. To find the Place of
any Planet on the Globe :  Alfo to find at
what Hour any Planet, ([uppofe Jupiter)
will rifeor [et, or will be upon the Meridian
any given Day of the Year.

You muft firft find out by fome Epbe-
meris what Degree of what Sign Fupiter
poflefles that Day of that Year: Mark that
Point on the Ecliptick either with Chalk
or with aPencil, or by fticking on a little
black Patch; and then for that Day and
that Night you may perform any Problem
by that Planer in the fame manner as you did
by a fixed Star.

But if you would be very exac you muit
not only feek the Planet’s Place in the
Sign for that Day, which is its Lengstude,
but you muft feek its Latifude alfo in the
Ephemeris (which indeed in the fuperior
Planets Fupiter, Saturn, Mars, alters but
very little for whole Months together) and
thus fet your Mark in that Point of Lati-
tude, or Diftance from its fuppofed Place

n
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in the Ecliptick, whether Northward or
Southward, and then go to work your Pro-
blem by this Mark,

I fhall give but one Inftance, which will
fufficiently dire¢t to folve all others of the
fame kind that relate to the Planets. On
the 3¢ of April 1723, 1 find by an Epbeme-
715 that the Sun is-about the End of the 23!
Degree of Aries, Fupiter enters the 8t De-
gree of Capricorn, and (if I would be very
exact) 1 obferve alfo that the Latitude of
Jupiter that Day is 15 Minutes or a quarter
of a Degree to the North : There I make
a mark or put on a {mall black Patch on the
Globe to ftand for Fupiter. 'Then having
rectified the Globe for the Latitude v. c. of
London, and for the Sun’s Place, April the
3% I turn the Mark which I made for Fu-
piter to the Eaftern Edge of the Horizon,
and I find Fupiter will rife near the Souzh-
Eqgff at a little paft one in the Morning :
He will come to the Meridian at a very
little paft five: He will fet near the Sout/-
Weft about nine in the Morning.

Then if I re@ify the Globe for the Ze-
nith, the Quadrant of Altitude being
brought down to the Horizon, will tell you
what is his Altitude and what his Azimuth
at any given Hour of the Morning, by the
help of the Dial and Index.

Or
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Or his Altitude or Azimuth being given
you may find what ’tis a Clock.

By this Means you may find the Hour
when the Moon will rife and fet, together
with her Southing, or the time of her com-
ing to the Meridian. But let it be noted
that the Moon changes her Place in the
Zodiack {o {wiftly that the moves thro’ 13
Degrees of one Sign every Day or there-
about ; and therefore you can’t find the
precife Hour and Minute of her r¢/ing, fer-
ting, fouthing, &c. uponthe Globe without
much more trouble than moft of the other
Planets will give you, which change their
Places in the Zodzack much more flowly.

Problem XXXVIII. The Day and Hour
of a folar Eclipfe being known, to find all
thofe Places in which that Eclipfe will be
vifible.

By the 13" Problem find out at what
Place the Sun s vertical at that Hour of the
Day. Bring that Place to the Pole or ver-
tical Point of the Wooden Horizon, that is,
rectify the Globe for the Latitude of that
Place ; then the Globe being in that Situa-
tion, obferve what Places are in the upper
Hemifphere; for if it be alarge Eclipfe the
Sun will be vifibly eclipfed in moft of them.

Problem XXXIX. The Day and Hour of
a Lunar Eclipfe being known, to find by the
: Glove
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Globe all thofe Places in which the fame will
be vifible.

By Problem XIII. find as before at
what Place the Swn s vertical at that Hour ;
then by Problem IV. find the Antipodes
of that Place : Re&ify the Globe for the
Latitude of thofe Antipodes ; thus they will
be in the Zenith, or in the Pole of the Ho-
rizon ; then obferve as before what Places
are in the upper Hemifphere of the Globe,
for in the moft of thofe Places the Moon
will be vifibly eclipfed.

The reafon of retifying the Globe for
the Antipodes in this Problem, is becaufe
the Moon muft be diretly oppoﬁte to the
Sun whenfoever fhe is eclipfed.

BVEVG ReniiX X

Problems relating to Geography and Aftre-
nomy to be performed by the Ufe of the
plam Scale and Compafles.

T is fuppofed that the Reader is already

acquainted with fome of the firft and
eafieft Principles of Geometry, before he can
read with Underftanding this or any other
Treatife of Aftronomy or Geography ; and
it is prefumed alfo that he knows what is 2
Chord, a Tangent and a Sine, and how to

make and to meafure an Angle either by a
Line
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Line or Scale of Chords, or Sines or Tan-
gents, in order to practife the Problems of
this laft Section; tho’ a very flight Know-
ledge of thefe things is fufficient for this
Purpofe.

Becaufe feveral of the following Problems
will depend upon the Altitude, or Azimuth
of the Sun, and in order to obtain thefe,
we fometimes ule a Pin or Needle fixed
perpendicularly on an upright or Horizon-
tal Plane; therefore the fir# Problem 1 pro-
pofe thall be this, (viz.)

Problem 1. How to fix a Needle perpendi-
cular on a Plane, or to raife a perpendicular
Style or Pointer in order to make Obfervations
of a Shadow.

Note, Any thing fixed or fet up to caft a
Shadow is called a Style.

One Way to perform this, is by having
at Hand a foyner’s Square, and while one
Edge of it is laid flat ter the Plane, the other
Edge of it ftanding up will thew when a
Needle or Style is fixed on that Plane perpen-
dicularly, if it be apply’d to the fide of the
Needle.

Note, If you have a little Sguare made of
Box or any hard Wood, one Leg being fix,
or the other eight or nine Inches long, one
Inch or 12 broad, and an Inch thick, with
a Thread and Plummet hanging from the Em}

0
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of one Leg, down toward the Place where
the other Leg 1s joined, as in Fig. XIV. and
a large hole for the Plummet to play in : It
will be of Ufe not only to thew you how to
erect a WNeedle truly perpendicular 5 but it
will alfo difcover whether any Plane be truly
fmooth, and be Horzzontal or Level, as
well as whether any wpright Plane be exaltly
perpendicular to the Horizon.

Such a Square will alfo be very ufeful in
the practice of any Geometrical Problems by
drawing one Line perpendicular to another
with the greateft eafe.
~ Another Way to fix a Needle perpendi-
cular to any Plane, is this ; Deferibe a'Cir-
cleas a, o, 4, b, nFig. XV. Fix a Needle
s p 1n the Centre p, then meafure from fe-
veral oppofite parts of it, as &, o, &, b, to
the tip of the Needle, s, and faften the
Needle fo as that the tip, 5, fhall be at equal
Diftance from all thofe Points, then it is
truly perpendicular.

INote here, That in moft of thefe Prac-
tices where a perpendicular Needle is re-
quired, the fame End may be attained by a
Needle or Wyre ftrait or crooked, which
may be call’d a Style, fet up floping at
Random as in Fig. XVI. without the
Trouble of fixing it perpendicular, if you
do but find the Point p on the Plane, which

ties perpendicularly under the tip of the
Style
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Style s, and this may be found by applying
the Edge of the Square, defcrib’d Fig, XIV,
to the tip of the Style: Tho’ there are
other Ways to find this perpendicular Point
for nice Prattices in Dialling by Shadows,
which require great Exactnefs.

But fake notice here, that if you ufe this
Method of a Style fet up {loping at random
as in Fig. XVL then with your Compafies
you muft meafure the Diftance from the
tip of the Style s to the point g, and that
Diftance muft be counted and ufed as the
Length of the perpendicular Style s p in
Fig. XV. wherefoever you have Occafion to
know or ufe the Length of it.

Obferve alfo, that if the tip of your Style
(whether ftrait or crooked) be more than
three or four Inches high from the Plane,
you will fcarce be able to mark the Point
of Shadow exaltly, becaufe of the Pen-
umbra or faint Shadow which leaves the
Point or Edge of a Shadow undetermin’d.

On a Horizontal or Level Plane you
muft ufe a much fhorter Style when the Sun
1S Jow, or in Winter, becaufe the Shadow
is long ; but in the longett Days in Summer
a four Inch Style is fufficient, tho’ the Sha-
dow at that Seafon be very fhort all the
middle Hours of the Day. From the tip
of the Style to the tip of the Shadow fthould
never be above fix Inches diftance.

After
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After all, If you have frequent Occafion
for a perpendzcular Style to obferve a Sha-
dow by it, I know nothing ecafier than to
get a fmal[ Prifm of Wood, or Ivory, or
rather of Brafs, fuchas is defcribed Fi ig. X VII.
Let the Bajé be a right angled Triangle
ABC: The Line BC an Inch: AB two
Inches: And let the Height of the Prifm,
(viz.) AD or CE be three Inches (or near
four Inches if you pleafe) By this means
you obtain three perpendicular Styles of
different Lengths, according as you want
the Shadow to be either longer or fhorter,
in Summer or in Winter.

If you fet it upon the Square fide ABD
O, your perpendicular Style will be BC
or OE: If it be BO, then C is the tip of
the Style and B marks the Point on the
Plane. If you fet it on the Square fide B C
OE as it ftands in the Figure, then A B, or
D O is your perpendicular Style. Or if you
{et it on its Trzangular Bafe ABC, then
either AD, or BO, or CE will be your
perpendmular Style.

This little plam Prifin has thefe great
Advantages in it (v7z.) That you can fet it
upina moment on a perfectly fmooth Plane,
and you are fure it s perpendicular to the
Plane; and then if you require it to ftand
there any time, and it thould happen to be
moved, if you have but fix’d and mark’d

1t$
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its place by the lower Edges on the Plane,
and remember which Edge you defign’d for
the Style, you may fet it exactly in the fame
Pofition again.

Problem II. How to take the Altitude of
the Sun by a Needle fix’d on an Horizontal
Plane, or by any perpendicular Style.

In all thefe Praétices be fure that your
Plane be truly Level or Horizontal, which
you cannot well know without fome fuch
Inftrument as I have defcribed before, Fig.
XIV. which ferves inftead of a Lewvel,

You muft apply this Inftrument or Square
not only to one part but to every part of
the Plane, wherefoever you can imagine
the Shadow will fall, to fee if it be precife-
ly Horizontal or Level: For a very {mall
Variation from the Level will caufe 2 great
Difference in the Length and in the Point
of Shadow ; and upon this Account there
are few Window-Stools, or any Boards or
Pofts fix’d by the Common Work of Car-
penters {ufliciently Level for a juft Obferva-
tion in Aftronomy or Dialling.

Fix your perpendicular Style PS, as in
Fig. XVIIIL. obferve the Point of Shadow
C caft from the tip of the Style S : Draw
P C: Thentake the Height of the Style P S
in your Compaffes; fet it perpendicularly
on PC; draw the Line SC on the Planf:(ji

] an
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and the Angle C is the Sun’s Altitude, (viz.)
35 Degrees.

Here it is evident that if you fuppofe C
the Centre and CP to be the Radius, then
PS is the Tangent of the Altitude 35 De-
grees ; for it meafures the Angle C or the
Arch P A. But if you make S the Centre,
and {fuppofe SP to be the Radius of a Cir-
cle, CP is the Tangent of the Coaltitude of
the Sun, (viz.) g5 Degrees, for ’tis that
Tangent which meafures the Angle S or the
Arch PE.

Hence it will follow that if you fix a per-
pendicular Needle, Pointer or Style, on any
Horizontal Plane, and divide a Line, as P
C, according to the Scale of Tangents,
whofe Radius fhall be P S, beginning at
P towards C, and make this Line of Tan-
gents moveable round the Centre P, the
Shadow of the Style will thew you the Co-
altitude of the Sun at any time on that
moveable Scale of Tangents, 1

Or if the Scale of Tangents PC be di-
vided on the immoveable Horizontal Plane
it {elf, and you defcribe concentric Circles
on the Centre P thro’ every Degree of that
Scale, the Shadow of the tip of the Style
will thew the Coaltitude among thofe Cir-
cles ; for they will exaltly reprefent the
Parallels of Altitude in the Heavens,

2 Nute,
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Note, This 1s defcribed thus particularly
rather for Demonfiration than U, becaufe
when the Sun is low the Shadow P C will
be extended many Feet or Yards.

Problem III. To zake the Altitude of the
Sun by a Style on a perpendicular or upright
Plane.

Fix your Style A B perpendicular to a flat
Board as Fig. XIX. Raife your Board exact-
ly upright, and turn it to the Sun, {o that
the Shadow of the Style AD may be caft
downward direétly perpendicular from the
Center A in the Line A Q. Then take the
Length of the Style A B in your Compatfies,
and fet it on the Board at right Angles to the
Line of Shadow, from A to B: Draw the
Line BD; and the Angle A D B thall be the
Sun’s Coaltitude, (or Zenith Difiance as ’tis
fometimes called) (v7z.) 55 Degrees: The
‘Tangent of which is A B to the Radius D A,
. and the Angle A BD (which is the Comple-
ment of it) or 3 5% thall be the Sun’s Alfitude ;
the Tangentof whichis A Dtothe RadiusBA.

Or to make this more evident, draw the
obfcure Line DO parallel to AB, /. e.
Horizontal, and the Angle BD O will plain-
Iy appear to be the Angle of the Sun’s Alti-
fude 35 Degrees. ;

Hence it will follow that if the Line AD
be prolonged to Q_and divided according

L 2 to
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to the Degrees of a Scale of Tangents, this
Board or Inftrument will be always ready to
thew the Sun’s Altitude on that Scale, by
the Shadow of the Style A B turn’d direétly
to the Sun, when the Board is held up and
made to ftand perpendicular to the Horizon.

N. B. This is the Foundation of thofe
Dials which are made on Movezble Columns
or on Walking Canes, which thew the Hour
of the Day by the different Altitudes of the
Sun in the various Seafons of the Year.

Note, There are feveral other ways to
find the Altitude of the Sun by a moveable
or immoveable upright Plane, and a per-
pendicular Style fixed on it. But none of
thofe Ways of taking an Altitude by the
Point or End of the Shadow are the moft
commodious and exa& for common Ufe;
I have chiefly mentioned them to lead the
Learner into a more familiar and perfe&
Acquaintance with the Nature and Reafon -
of thefe Operatiors.

If no regular Inftrument be at Hand to
take the Sun’s Altitude, 1 prefer the follow-
ing Method above any othets.

Problem IV. 7o find the Sun's or any
Star’s Altitude by a plain Board, Thread and

Plummet.
Take a fmooth flat Board as nopg
which is at leaft 8 or g Inches broad every
Way,
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Way, See Fig. XX. Mark two Points on it
as @ ¢ at leaft at feven or eight Inches di-
ftance, and draw that Line. Fix a very
thort Pin at ¢ perpendicular which may be
done fufficiently truc by guefs. Hang a
Thread and Plummet on it. Hold up the
Edge of theBoard to the Sun till the Shadow
of the Pin be caft all along the Line ¢ c.
Obferve where the Thread falls ; mark a
Point in it as at 4; draw the Line d¢, and
the Angle 2 ¢ d is the Complement of the
Sun’s Altitude : Or you may draw the
whole Quadrant 4 ¢ e, and then the Angle
d ¢ e is the Sum’'s Altitude. Now if the
Arch 4 ¢ be meafured by a Line of Chords
you find the Number of Degrees. '

Note That the Degrees of Altitude muft
always be reckoned from that fide of the
Quadrant whichisheld next to the Sun, (viz.)
¢e. The Coaltitude from the fide ¢ 4.

Note farther, 'That the Sun’s Altitude
thould fcarce ever be taken within half an
Hour of Noon for any other Purpofes be-
fide the finding of the Meridian Altitude s
becaufe for an Hour together the Altitude
then increafes or decreafes fo very little, the
Sun being then near the Middle of its diur-
nal Arch. |

Take Notice alfo, That when the Sun is
near the Horizon it appears higher than
really it is by reafon of the Refrattion or

R breaking
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breaking of its Rays in paffing through a
larger Space of Atmofphere or thicker Air.
When the Sun is one Degree high its Re-
Jraction caufes it to appear near half a De-
grec higher than it is. At two Degrees
high the Refraction is 20 Minutes, at three
Degrees the Refraction is 15 Minutes, at
five Degrees the Refraéfion is 10 Minutes,
at 10 Degrees the Refraction is five Mi-
nutes. You muft therefore allow propor-
tionably by deducting fo much from the
apparent Altitude when you make an Ob-
fervation near Sun-rife or Sun-fet.

Note again, That the heavier your Plum-
met 1s, the more fteddy it will hang, and
make the Obfervation more exaét.

If you pleafe you may draw the whole
Quadrant on the Board, and ftick in the
Pin at the Centre before you make your
Obfervation, which indeed is the moft pro-
per way.

You may find the Altitude of the Moon
the fame way. And the Altitude of any
Star may be found by the fame Board, if
you ftick in another very fhort Pin perpen-
dicular at 4, and fixing your Eye at s bring
both the Pins ¢ and ¢ juft over the Star;
then the Thread will hang (fuppofe) on the

Point d in the Arch, and thew the Degree
or Angle of Altitude tobe dce.

Pro-
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Problem V. Zo obferve the Meridian Al-
titude of the Sun or its Height at Noon : And
by the fame Method 70 find any Star’s Me-
ridian Altitude.

Ifyou know exactly when ’tis Noon, take
the Altitude of the Sun by any Inftrument
within a Minute or two of that time, and
that is the Meridian Altitude ; for two or
three Minutes at Noon make no fenfible
Difference in the Altitude.

But if you have no Clock or Dial or any
thing of that kind whofe truth you can rely
on, then a little defore INoon obferve and fet
down the Altitude every four or five Mi-
nutes till you find it begins to grow a
little lefs, then review your Obfervations,
and the greateft Height was the true Meri-
dian Altitude.

You may, by the fame Method, find the
Meridian Altitude of any Star above the
Horizon, if you make {everal Ob{fervations
when the Star is coming near to the North

or South Part of the Meridian.
Problem VI. How fo find out the Decli-

nation of the Sun, or of any large or known
Star.

If you know the Latitude of the Place
where you are, with the Meridian Altitude
of the Sun any Day in the Year, or if you
know the Sun’s Place in the Eclzpz‘zck you

L 4 may
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may find the Declination of the Sun there-
by Geometrically as fhall be fthewn after-
‘ward : But if thefe are not known, then
in order to other Aftronomical Operations,
you muft feek the Declination of the Sun
for that Day, either by the Glode on the
brazen Meridian ; or in a Scale of the Sun’s
Declination, which is drawn on artificial
Quadrants, or other Mathematical Inftru-
ments ; or it may be found in Tables of
the Sun’s Declination calculated exactly to
every Minute of a Degree for every Day in
the Year, which is the beft way where it
may be had. '

‘There are alfo Tables of Declination of
feveral of the moft noted Stars. Thefe are
all the Year at the fame Diftance from the
Equator, and their Declination does not vary,
as the Sun’s does.

Thefe Tables of the Sun’s and Stars De-
clination are found at the End of this Book,
Sect. XXI.

But let it be noted here, that the De-
chnation of the Sun not only changes every
Day in the Year, but itdiffers alfo fome few
Minutes in the next Year from the Year
foregoing, even on the fame Day of the
Month : Whence this Difference arifes, and
how to a& with refpet toit, fee Problem
XX. following, and more in Se&. XXI.

Pro-
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Problem VIL. To find the Latitude of any
Place by the Meridian Altitude and Decli-
nation of the Sun any Day in the Year.

The Way to find the Latitude of any
Place (7.e. the Diftance of the Zenith of
that Place from the Equator) by the Meri-
dian Altitude of the Sun, is firft to feek its
Colatitude, i. e. the Complement of its La-
titude, or (which is all one) the Elevation
of the Equator above the Horizon of that
Place. Suppofe the Day given be the 1t
of June, or the Summer Solftice.

This may be done by looking back to
Figure III. Firft, Draw the Line H O for
the Horizon, and from the Centre C raife a
Perpendicular C Z to reprefent the Zenith.
Make the Semicircle HZ O for the Meri-
dian: Then fuppofe the Meridian Altitude
of the Sun at the Summer Solftice be 62
Degrees, by the Ufe of your Compafles and
a Scale of Chords fet up 62 from H to S -
Alfo the Declination of the Sun that Day be-
ing 23 7 Degrees Northward, fet 2 3% from S
downward, and it will find the Point E, and
the Arch H E is the Altitude of the Equator
above the Horizon, or the (ulatitude of the
Place, (vi2.) 382 Degrees: Thence you find
the Latitude 1s E Z or 51 x Degrees which
completes a Quadrant. Then if you draw
the Line E C it will reprefent the Equator
in that Scheme. Sup-
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Suppofe you take the Meridian Altitude
of the Sun on either of the Equino¢tial
Days, (viz.) in March or September, and
you find it to be 38 £ Degrees : Set up 38 £
from H to E, then the Sun having no
Declination the Meridian Altitude it {elf
thews you the Hezght of the Equator above
the Horizon, which is the Complement of the
Latitude.

Suppofe the Meridian Altitude of the Sun
at the thortet Day be 15 Degrees, fet up
15 from H to V: Then the Sun’s Decls-
nation is 23 : Degrees Southward ; therefore
fet 231 from V upward, and it finds the
Point E : And the Arch HE is the Comple-
ment of the Latitude as before, (viz.) 38 %
Degrees.

For all thefe Pra&ices the chief Rule is
this. In the Summer Half-Year fet your
Declination downward from the Point of
the Meridian Altitude, and it will find the
Equator’s Height above the Horizon. In
Winter fet your Declination upward from
the Point of the Meridian Altitude, and it
will thew you the Height of the Equator.
The Reafon of it is moft evident in the
third and fourth Figures.

It may be proper in thisPlace to recol-
le& what I have alrecady demonftrated in
Section V. Figure IV. that the Latitude of
any Place (that is, the Diftance of its Ze-

nith
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nith from the Equator) Z E is equal to the
Elevation of the Pole P O above the Hori-
zon. Thereby it appears that the Elevation
of the Equator above the Horizon of that
Place on one Side as EH (which is the
Complement of the Latitude) is equal to the
Complement of the Pole’s Elevation on
t’other fide as Z P. If therefore the Lafi-
tude (fuppofe of London) be EZ or P O
513 the Colatitude P Z or HE will be 38 %,
for it muft complete a Quadrant or go De-
grees ; and therefore if you fet the Point P
51 1 Degrees above O on the other fide of
the Horizon, and draw the Line P C, you
have the Axis of the World reprefented, or
the North Pole in its proper Elevation for
London, and ftanding (as it ought) at right
Angles with the Equator E C.

I have reprefented the Solution of this
fixth Problem in a Geometrical manner to
thew the Reafon of this Pra&ice ; but this
Problem of finding the Latitude by the Me-
ridian Altitude is much eafier performed
Arithmetically thus.

In the Winter Half-Year add the Declina-
nation to the Meridian Altitude, and it gives
you the Colatitude.

In the Summer Half-Year fubftra& the
Sun’s Declination from the Meridian Altitude
and it gives the Colatitude.

Example,
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Example, Fune 11% |

Mered A, " H St 62 €
s Declin. B "832 23%8
Colatitude H E-—- 38%

December 11t
Merid. Alf. H Voo 15
Sun’s Declin, B Vet 23%

Colatitude H E--—--38:%

Then if you fubftra® the Colatitude
from the Zenith or go, you find the La-
titude, as,

Zenith HZ-——-- 90 ¢
Colatitude HiRupsl 3 8%_55;

Latitude’ B li-20 51

After all it muft be obferved here that
all thefe Problems of finding the Latitude
of the Place by the Sun’s or Star’s Meridian
Altitude, &c. belong chiefly to thofe Places
which lie within the 7 emperate Zones., If
the Place lie in the Torr7d or Frigid Zones,
thefe Methods of Solution are good when
the Meridian Sun is on the fame fide of the
Zemith with the Egquator, whether North

or
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or South. But if not, then there muft be
fome little Difference of Operation at fome
times of the Year. Yet if you proje& a
Scheme for the Solution of fuch an Enquiry
like Fig. III. the very Reafon of things will
thew you when you muft Add or Subftract,

Problem VIII. 7o find the Meridian Al-
f1tude of the Sun any Day of the Year, the
Latitude of the Place being given.
~ This is but the Converfe of the former
Problem, and therefore is to be performed
the contrary Way, (viz.) in Winter fubftrac
the Declination VE from the Equinoiial
Altitude or Colatitude BHE, and the Re-
mainder is HV the Meridian Altitude.

In Summer add the Declination ES to
the Equinoctial Altitude, or Colatitude H D
and it gives the Meridian Altitude HS.

‘The Meridian Altitude at the Equinoxes
is the fame with the Colatizude as before.

Problem IX. 90 find the Declination of
the Sun, its Meridian Altitude and the La-
titude of the Place being given.

It is hardly neceflary ta defcribe this
Practice to thofe who have perfetly learn’d
the two foregoing Problems.

Subftrait the Colatitude HE from the
Meridian Altitude in Suwmer HS, and the

Remainder is the Sun's Summer Declination
E S. ; Sﬁé-ﬁ
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Subftraét the Meridian Altitude in Winter
H YV from the Colatitude HE, and the Re-
mainder is the Sun’s Winter Declination EV.

Or in thort, if the Meridian Altitude and
Colatitude be given, [ubftract the lefs from
the greater, and the Remainder is the Sux’s
Declination.

Problem X. To find the Latitude of a
Place by the Meridian Altitude of a Star,
awhen ’tis on the South Meridian.

Find the Declination of that Star in fome
Table or Scale of the Star’s Declination.
If it has Declination Northward, (as the
Sun has in Summer) fubftra&t the Decli-
nation from the Meridian Altitude, and it
oives you the Colatitude.

If the Star’s Declination be Southward
(as the Sun’s is in Winter) add its Declina-
tion to its Meridian Altitude, and it gives
you the Colatitude.

Note, When I {peak of North and South-
ward in relation to Winter and Summer,
in many of thefe Problems, I mean in Nor-
thern Latitudes fuch as ours is in Britain.

When the Star is on the North Meridian
fee how to find the Latitude by it in
Problem XXXIL

Problem XI. By what Methods is the Lon-
gitude of Places to be found.

Though
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Though the Latitude (which lies Norzh-
ward and Southward) may be determined
with the utmoft Certainty by the Methods
befor¢ propofed, yet the Longitude of a
Place (which is the Diffance of any two
Places from each other Eaffward or Weft-
ward) is very hard to be determined by the
Sun or Stars, becaufe they always appear
moving round from Egf to Wef. ~The
Longitude therefore of Places is ufually
found by meafuring the Diftance on Earth
or Sea from Weft or Eaft.

The Map-Makers who defcribe Countries,
Provinces or Kingdoms, meafure the Diftan-
ces on the Earth by an Inftrument made on
Purpofe, with a Wheel fo contrived, that a
certain Number of its Revolutions is equal
to a Pole, a Furlong, or a Mile; it hath
alfo a Mariner’s Compafs and Needle touch’d
with a Loadftone faftned to it, to thew how
much their Courfe varies from the Nor#h or
South.

In this laft Age they have alfo invented a
Way to find the Difference of Longitude be-
tween two Towns that are fome thoufands
of Miles afunder in diftant Nations ; and
that is by a nice and exa@ Obfervation of
the Moment when the Eclipfes of the Moon
begin or end, made by Mathematicians at
thofe diftant Places: And thus by the
Difference of Time in thofe Eclipfes they
compute the Diftance of Place, This
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This Invention is ftill further improved
by Obfervations of the Eclipfes of the four
Moons or little {econdary Planets, which
roll round the Planet Fupiter as our Moon
does round our Earth : By thefe Means
the fuppofed Diftances of fome Places in
the Eq/t and Weft-Indies have been alter’d,
and the Miftakes of feveral hundred Miles
corrected.

The Sazlors meafure it at Sea by the Zog,
which is a piece of Board faftned to a long
Line which they caft out of the Ship while
a Minute or Half-Minute Glafs begins to
run: Then drawing in the Log, they fee
how far the Ship has failed 7z o Minute,
and fuppofing the Circumftances of the
Wind and Water to be the fame, they com-
pute thereby how far they have fail’d in
fome Hours. But this being a very uncer- °
tain Way of reckoning becaufe of the con-
tinual Changes either of the Strength or the
Point of the Wind, or Current of the Water,
they are often liable to Miftakes. There-
fore it has been the famous and {olicitous
Enquiry of thefe laft Ages how to find out
and afcertain Longsfude at Sea ; and there
is fo vaft a Reward as twenty thoufand
Pounds offered by the Parliament of Great-
EBritain to any Man who fhall invent a Me-
thod for it, which fhall be plain, eafy and

praéticable at Sea.
3 ' Problem
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Problem XII. To find the Value of a De-
gree of a greater Circle upon the Earth, or
how much 1t contains in Englith Meafure.

Here let it be noted, that one Degree of
a greater Circle on the Earth anfwers to
one Degree of a greater Circle in the Heg-
vens.. . It is true the heavenly Circles are
incomparably larger than the Circumference
of the Farth; and they are alfo larger than
cach other according to the different Di-
{tances of the Planets and Stars ; yet every
Circle (whether greater or lefler) is divided
into 360 Degrees, and therefore though Cir-
cles differ never fo much in Magnitude, yet,
when they are fuppofed to be concentricel,
(7. e. to have the fame Centre) every fingle
Degree of each Circle is correfpondent to a
fingle Degree of all the other Circles.

Now that a Degree of the Heavens thus
anfwers to a Degree on the Earth is very
evident ; for if we travel on Earzh, or fail
one Degree Northward or Southward on the
{ame Meridian, we fhall find by the Sun or
the fixed Stars in Heaven that our Zenith is
jutta Degreealtered, our Latitudeis changed
one Degree, and our Pole is one Degree moré
or lefs elevated, (viz.) more elevated if we go
from London toward the North, and lefs ele~
vated if we go toward the Souzh, till we come
to the Equator : Afterward the contrary Pole
is elevated gradually. By fuch Experiments

M as
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as thefe Philofophers infer alfo that the Earth
75 @ Globe and not a plane Surface.
Wherefore fo find the Value of a Degree
on a greater Circle of the Earth, you muft
travel dire@ly in the fame Meridian, mea-
furing your Miles all the Way, till your La-
titude be alter’d one Degree; and then (if you
have been exact in your Meafure) you will
find that you have travell’d about 7o Engli/h
Miles ; though Geographers often reckon 6o
Geographical Miles to a Degree for greater
Eafe in Computation, as Thave faid before.

Problem XIII. 7o find the Circumference,
the Diameter, the Surface and Solid Con-
tents of the Earth.

Having found the Value of one Degree
to be 7o Miles, multiply that by 360, and it
produces 2 5200 Miles for the Cercumference.

The Diameter is in proportion to the Crr-
cumference as 113 to 355, Or as o to 157,
or in more brief and vulgar Account as 7 i
to 22, which will make the Dzameter of the
Earth to be about 8ooo Miles,

Multiply the Circumference by the Dia-
meter, and that Produ¢t fhall be the Square
FEeet, Furlongs, Miles, &c. of the Surface.

Multiplythe Surface by the fixth part of the
Diameter, and that will give the fo/zd Content.

Note, That Geographers differ a little in
the Computation of thefe Meafures; becaufe

they
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they differ in the Meafure of a fingle De-
gree : And that is becaufe of the Crooked-
nefs and Inequality of any Road that you can
travel for 70 Miles together: The jufteft
Meafurers have made 69: Miles go to a De-
gree, or the round Number of 70 Miles.

Problem X1V. To find the Value of a De-
gree of a leffer Circle on the Earth, 1. e. the
Value of a Degree of Longitude on the leffer
Parallels of Latitude.

I have mentioned it before under the ITI¢
Prob. of the 19* SecZ. that all the Degrees
marked on the Equator, or on any of the
Meridians are 7o Miles, becaufe all thofe
Lines are Great Circles ; yet in the Parallels
of Latitude, the further you go from the
Equator, the Czrele grows lefs and lefs, and
confequently each Degree of it muft be lefs
alfo ; and for this Reafon the whole Circle
of 360 Degrees near the Pole will not make
above 360 Miles ; and as you approach {till
nearer to the Pole, it will not make fo many

Furlongs or Feet.

To find therefore the frue Value of a De-
gree fuppole in the Parallel of Latitude of
London 51> Degrees, ufe this Method, Fig.
XXII. Make a ftrait Line A B to reprefent
one Degree in the Equator, divide it into
6o Geographical Miles, or into 70 Englifh
Miles, all equal : Set the Foot of your
. | M 2 Com-
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Compaffes in A, defcribe an Arch from B to
C of 513 Degrees, then from the Point C
let fall a Perpendicular to D, and A D is the
Meafure of a Degree of Longzz‘ude in the Pa-
rallel of London, (viz.) about 43z Miles.

The Demonflration of it may thus be
explained. Prolong the Arch BC and com-
plete the Quadrant EAB. Then E fhall
reprefent the North Pole: EA the Northern
Half of the Axis of the World, AB the Semi-
diameter at the Equator, and N C the Semi-
diameter of the Parallel of Latitude for
London. 'Then Arithmetically, if the Line
AB (fuppofe 1000 equal Parts) allow 7o
Miles for a Degree, what will NC (
about 621 equal Pftrts) allow ? An/. 433.

Or Tr zgommez‘; ically thus. AB is the
whole Sine of go?, or Radius. INC is the
Sine of the Colatitude 38¢z. Then fay, As
ABor the Sine of go' is to 70 Miles foisNC
or A D the Sine of 38%: to 43+* Mlles

Note, This Diagram or Figure will thew
the value of a Degree of Longitude in any
Paralle] of Latitude, if from every Degree
in the Arch ECB a Perpendicular were
drawn to the Line A B.

Therefore a whole Line of Sines if num-
ber’d backward, and apply’d to a Scale of 70
equal Parts, will {hew the Miles contain’d in
one Deoree of Longitude under any Parallel
of Latitude whatfocver

Having
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Having thewn in former Problems how
to take the Meridian Altitude of the Sun,
and thereby to find the Latitude of any
Place on the Earth, Ithink it may be pro-
per now to thew how to project the Sphere
for any Latitude upon the Plane of the Me-
ridian, and reprefent it in ftrait Lines, which
is called the Analemma: Becaufe the Ereltion
of this Scheme (and fometimes of a little
Part of it) will folve a variety of Affronomical
Problems, as will appear hereafter.

Problem XV. To ereét the Analemma, or
reprefent the Sphere in firait Lines for the
Latitude of London g1z Degrees.

Firft, 1t is fuppoled you have a Scale of
Chords at Hand, or a Quadrant ready di-
vided into go Degrees. Take the Extent
of 60 Degrees of the Line of Chords in
your Compafles, (or which is all one) the
Radius of your Quadrant, and defcribe the
Circle NZEH SQ_for a Meridian both
North and South as in Figure XXIII. (viz.)
NES, which reprefents 12 a Clock at Noon;
and N Q S, which reprefents the Hour of
Midnight. :

Through C the Centre draw the Line
H O for the Horizon. At go Degrees di-
ftance from H and O mark the Point Z and
D for the Zenith and Nadir ; then draw the
Line ZD which will crofs HO at Right

M 3 Angles,
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’Anglés, and will reprefent the Azimuth of
Eaft and Weft ; as the Semicircle Z O D re-
prefents the North Azimuth, and ZHD
the South.
. Above the Horizon O mark N for the
" North Pole elevated 51% Degrees: Through
the Center C draw the Line N § for the Axzs
of the World; which Line will alfo reprefent
the Hour Circle of fix a Clock, being at 9o
Degrees diftance from Noon and Midnight.
S will ftand for the South Pole, deprefs’d as
much below H the South fide of the
Horizon, as N the North Pole is raifed
above O on the North fide of it.
At go Degrees from N mark E and Q_
on each fide; then crofs the Axis of the
- World N S with the Line EQ at right Angles,
“which reprefents the Eguator. Thus E will
be go Degrees from N the North Pole, §1%
Degrees from Z the Zenith, which is the
Latitude, and it will be 382 Degrees above
H the Horizon which is the Complement of
the Latitude.

At 233 Degrees from E on each fide mark
the Points M and W ; then parallel to the
Eguator or E Q_draw the Line M = for the
Tropic of Cancer, and the W s for the Tro-
pic of Capricorn. After that, through the

-Centre C draw M w which is the Ecliptick:
It cuts the Equator E Q_in C, and makesan
Angle with it of 23 # Degrees,

b A From
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From the Points N'S mark p and x on each
Afide at the Diftance of 23> Degrees, p p are
‘the Poles of the Ecliptick, and the Lines p x
and x p being drawn are the two Polar Cir-
cles, (viz.) the Artic and Antartic.
 Thus the Analemma is completed for al

eneral Purpofes or Problems.

The further Obfervables in it are thefe, vzz.

M is the Sun’s Place in the Ecliptick when
it enters Cancer at the Summer Solftice:
And the Arch EM s its North Declination
23z Degrees.. >

C is the Sun’s Place in the Ecliptick enter-
ing Aries or Libra at the Equinoxes: And
then it has no Declination..

v is the Sun’s Place in the Ecliptick en-
tering Capricorn at the Winter Solftice : And
the Arch 1w Q or (which isall one) EW isits
South Declination 27% Degrees.

The Line M = is the Sun’s Path the
Longeff Day, or at the Summer Solflice ;
it is at = at Midnight; it rifes at R ; it is
at fix a Clock at 6; it is in the Eaft Azi-
muth at. V; it is on the Meridian at M that
Day, and the Arch M H s its Meridian Al-
titude, (wz.) 62 Degrees.

The Line E Q_is the Sun’s Path on the
two Equineitial Days at Aries and Libra;
it is at Midnight at Q it rifes at Oy g
’tis in the fame Moment at the Eaft, and
fix a Clock; for on the Equinoctial Days

M 4 ZD
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ZD the Azlmuth of Eaft and Weft, and
NS the fix a Clock Hour Line both meet
at C in the Horizon HO, which never
‘happens. any other Day in the Year: Then
the Sun goes up to E at Noon; and EH
1s the Arch of its Meridian A1t1tude at the
Equinoxes, (viz.) 38% Degrees.

W ¢ is the Sun’s Pczz‘/a the Shorteft Dczy,
or.at the Winter Solftice 5 it is Midnight at
ve; 1t 1s in the Eaft at K long before it
rifes; it is fix a Clock at G before it rifes
alfo; then at I it rifes or gets above the
HOI‘IZOH it is Noon at W, and its Meridian
Altitude 1s W H or 1: Degrees,

The Sun’s Afcenfional Drfference (that s,
its Diftance from fix a Clock at its Rlﬁncr
or Setting) in the Summer Solftice is the
Line R 6, and at the #inter Solfrice ’tis the
Linge d v 2% ‘

ha Amplitude (or Diftance from Eaft or

Teft at 1ts Rifis ng or Setting) in Summer is
i{ C, in Inter tis I1C.

Hete you muft fuppofe that the Sun goes
down again lI’(;ul Luc Meridian in the After-
noon on t other fide of the Scheme or Globe
in the fame manner in which its Afeent to-
ward the f“feri"‘un is reprefented on- this
Side : So that the Line M R reprefents the
Sun’s Semza 7zzf7”7ﬂ/ /’/ ch at Midfummer, EC
at the Eguinoxes, and W1 at MN/—u.?}?fc]"
The S(’/,,fdzzz; ';m/ Jff/y is" half the Arch it

e e o ly’ T
makes above the Horizon. Note,
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Note, That as we have defcribed the va-
rious Places of the Sun’s Appearance above
the Horizon H O at the feveral Seafons of the
Year, {o the various Places of its Depreffion
below the Horizon H O may be eafily found
out and defcribed by any Learner,

Problem XVI. How to reprefent any Pa-
rallel of Declination on the Analemma, or to
defcribe the Path of the Sun any Day in the
Year.

Find out what is the Suw’s Declination
that Day by fome Scale or Table : Obferve
whether it be the #inter or the Swmmer
Half-year ; and confequently whether the
Declination be North or South : Then for
the North-fide of the Equator, if it be Sum-
mer, fet the Degrees of North Declination
upward from E toward Z ; if it be Winter
fet the South Declination downward from E
toward H : And from the Point of Declina-
tion (fuppofe it be M or W) draw a Line
parallel to E Q the Equator, as M= or W,
and it reprefents the Pardllel of Declination,
or the Path of the Sun for that Day.

Problem XVII. How to reprefent any Pa-
rallel of Altitude, either of the Sun or Star
on the Analemma.

As the Lines of Declination are parallel -
to the Equator ; {othe Lines of Altitude are

parallel
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-parallel to the Horizon : Suppofe therefore
the Altitude of the Sun beabout 42 Degrees;
det up 42 Degrees on the Meridian from
H to A, draw the Line A L parallel to H O,
‘and it deforibes the Sun's parallel of Alsi-
tude that Moment. |

Here Note, that where the Sun’s Paralle!
of Declination for any Day and his Paralle!
of Altitude for any Moment crofs each other,
that is an exa& Reprefentation of the Sun’s
Place in the Heavens at that Time : Thus
the Point So/ o is the precife Place where
the Sun is when he is 42 Degrees high on
the longeft Day of the Year : for M re-
prefents his Path or Parallel of Declination

-that Day, and A L reprefents his Parallel of
Alfitude that Moment.

I might add here alfo, that the prick’d
Arch N o S reprefents the Hour Circle in
which the Sun is at that Moment; and
Z o D reprefents its Azimuth or wvertical
Circle at that Time. Note, Thefe Arches
are troublefome to draw a-right, and are
not at all neceffary to {folve common Problems
by the Scale and Compafies on the Ana-
lemma.

Problem XVIII. The Day of the Month
and the Sun’s Altitude being given, how fo
find the Hour or Azimuth of the Sun by the
Analemma,

The
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~"'The two ~foregoing Problems acquaint
.you how to fix the precife Poznt of the Sun’s
Place any Minute of any-Day in the Year by
the ' Parallel of *Declination and Parallel of
Altitude crofling each other.
- Now fuppofe the Day of the Month be
‘the 25 ‘of Aprzl, and the Sun’s Altitude
‘34 Degrees’in the Morning. Defcribe the
Semicircle HZ O in Figure XXIV. for the
Meridian.. MakeH C O the Horizon. Draw
E«C making with ‘H C an Angle of the
-Colatitude 38 zDegrees to - reprefent the E-
‘quator.. Seek the Declination of  the Sun,
-and “in ' the Tables  or Scales you will -find
it near 162 Degrees Northward : Set 16 Z
“from E to D ; draw DR for the Path of the
Sun that Day, parallel to’E C the Equator.
Then fet the Altitude 34% from H to A,
draw A L cparallel to'H-O the Horizon.
Thus the Point o thews: the Place of the
Sun as before.
Now 'if you 'would find the Hour, yon
muft draw the Line C N -at right Angles
with ' the 'Equator E C, which - reprefents
the fix a Clock HourLine ; 'and the Diftance
16 © is the Sun’s Hour from fix ; that is, bhis
“Hour after fix in the Morning, orbeforedix
in the Afternoon.
If you are to feek the Azimuth, then
-~ you muft draw the Line CZ perpendicu-
lar to H O, whichis the vertical Circle ‘of
4 Eaft
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Eaft or Weft 5 then the Extent F O is the
Sun’s Azimuth from Eaft in the Morning,
or from Weft in the Afternoon. |

Thus you fee that in order to {olve thofe
two difficult Problems of the Hour or Azi-
muth, youneed but a very few Lines to per-
form the whole Operation ; for if you want
only the Hour, C'Z may be omitted ; if you
want only the Azzmuth, CN may be omitted.

Yet in the Winter Half-year, fuppofe the
238 of November, when the Declination is
near 13 Degrees South, it muft be fet down-
ward as E W from E toward H ; then you
cannot fo well find the Hour without pro-
ducing the fix a Clock Line N C below the
Horizon down to S, that you may meafure
the Hour from S or fix. |

Obferve alfo that this little Diagram in
Figure XXIV. will folve a great Variety of
Problems befides the Hour and Azzmuth on
the 2™ of April: It thews. the Length of
the Day by the Semidiurnal Arch DR. The
Sun’s Afcenfional Difference 1s 6 R. His Am-
plitude 1s CR. His Azimuth from Eaft or
Wett at fixis T 6. HisAltitude at Eaft and
Weft is V. .C. His Meridian Altitude is the
Arch D H: And his Azimuth from Eaft or
Wett at rifing or fetting is the Line CR.

Problem XIX. How fo meafure the Num-
ber of Degrees on any of the firait Lines in
the Analemma. I
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I think there is no need to inform the Rea-
der that any Part of the outward Circle or
Meridian may be meafured upon that Scale
of Chords or Quadrant, according to whofe
Radius the whole Analemma is drawn.
+As for the ffrait Lines they are all to be
confidered as Szmes ; thofe Semidiameters
which are drawn from the Centre C to the
Circumference are fo many whole Lines of
Sines or go Degrees to the common Radius
of the Semicircle. But if you confider an
whole Diameter which pafleth through the
Centre C, it is a Line of wverfed Sines, i. e.
g0 Lines of Right Sines joined at their
Beginning to the fame common Radius of
the Semicircle.

If therefore you have a Scale or Line of
Sines at Hand to the fame Radius of the
Circle, you may meafure any Part of thofe
{trait Lines, fetting one Foot of the Com-
pafles in the Centre C, and extending the
other to the Point propofed then applying
that Extent to the beginning of the Line of
Sines, and obferving how far it reaches.

But if you have no Scale or Line of Sines
at hand, you may find the Quantity of any
Part of the Semidiameter by the outward
Limb or Semicircle, and by the Scale of
Chords, according to whofe Radius the
Semicircle is drawn. The Method of per-
forming it fee in Figure XXV, where the

4 Quadrant
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Quadrant y x & is drawn by the fame
Radius as the Semicircle in Figure XX1V,
But I chofe to make it a diftin¢t Figure,
left the Lines fhould interfere with ong
another and breed Confufion ; and there-
fore in Figure XXIV. I have ufed capital
Letters, in Figure XXV. all the Letters are
fmall. abels

Suppofe I would find how many Degrees
are contained in V C which is the Swn’s
Altitude at Eaft or Weft. This is a Part
of the Semidiameter C Z : Suppofe there-
fore C Z to be a whole Line of Sines, be-
ginning to be number’d at C. Take the
Extent V C in your Compafles, and carry
one Leg up in the Arch y « till the other
Leg will but juft touch the Diameter y 4,
and the Leg of the Compafles will reft at 7
wherefore it appears that CV 1n Fig. XXIV.
is the Sine of the Arch y z in Figure XXV,
or 21 Degrees.

Another Way to perform it is this. Take
the Extent V C, fet one Leg of the Com-
pafles in y, and with that Extent make a
blind or obfcure Archate, and by the Edge
of that Arch lay a Rule from the Centre 4,
and it will find the Point # in the Lamb
(viz.) 21 Degrees. ik

By the fame Pratice you may find the
Number of Degrees contained in any Part
of thofe Lines which are drawn from the

Centre
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Centre Gy Furk. ) C H, '@ EyoC-Mip@ Z]
C N, €O, all which are whole Lines
of Sines to the common Radius of the
Quadrant.

But as for thofe Lines in the Analemma
which are net drawn from the Centre C,
but are drawn a-crofs fome other Diameter
and produced to the Limb, fuch as the Line
6 D, the Line S W, the Line F A, andthe
Line F L, each of thefe are to be efteemed
as a whole Line of Sines alfo, but to'a /efs
Radius.

So 6 o in Figure XXIV. in the Sine of
the Sun’s Hour from 6 ; but the Radius is
6 D, and the Number of Degrees in 6 o is
to be found in this manner. Take the
Extent 6 D, or this whole lefler Radius in
your Compafles, and fet it from & to ¢in
Figure XXV. then take the Extent 6 o,
and {etting one Foot of the Compafles in g,
make an obfcure Arch at o, and a Ruler
laid from & the Centre by the Edge of that
Arch o will find the Point 4 in the Limb,
and fhew that 4 y is 341 Degrees, which
(turned into Hours) is 7o Hours 17 Minutes
from fix, (viz.) 17 Minutes paft eight in
the Morning, or 43 Minutes paft three in
the A fternoon,

Again F ¢ in Figure XX1V. is the Sine
of the Azimuth from Eaff to Wef to the
Radwus F A ; take therefore F A in your

Compafies
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Compafles’ and  fet it from & to p in Fi-
gure XXV. then take the Extent F © and
with one Foot in p make the obfcure Arch
a; by the Edge of that Arch lay a Ruler
from 4 the Centre, and you will find the
Poinit s in the Limb; therefore y s is the
Azimuth from Eaft to Weft, that is, about
17 Degrees.

Note, If you have the Inftrument called
a Seftor at hand and know how to ufe it,
you may with great Eafe and Exactnefs
find the value of any Sine in the Analemma,
whether it be to a greater or a lefler Ra-
dius, without thefe Geometrical Opera~

rations.

Problem XX. To find the Sun’s Place in
the Ecliptick any Day in the Year. ,
It is well known that the 12 Signs of the
Zodiack, each of which has 30 Degrees,
contain inall 360 Degrees: And the Sun is
faid to go through them all once in twelve
Months or a Year. Therefore in a vulgar
Account, and for the Ufe of Learners we
generally fay, the Sun goes through one
Degree in a little more than a Day, and
thereby finithes the 360 Degrees in 365
Days. But this is not the jufteft and moft
accurate Account of Things: Let us there-
fore now toward the End of this Book,
with a little more Exacinefs obferve,
1. Lhas
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1. That the annual Courfe which the Suz
appears to take through the Ec/iptick round
the Earth, is much more properly and truly
- aleribed to the Earth’s moving or taking its
Courfe round the Swz; tho’ the common
Appearances to our Eye are much the fame
as if the Sun moved.

2. This annual Courfe or Path of the
Earth is not properly a Circle, but an E/
lipfis or Oval: And as the Sux is fix’d in one
of the Focus’s of the Ellipfis, fo the fix’d
Stars, (and among them the 12 Signs) fur-
round and encompafs it. See Fig. XXXI.
where the black Point 7 is the Euzrth in its
Orbit moving round, and o the Swz near
the Middle, and the outward Circle of
Points is the farry Heaven.

3. That Part of this Ellipfis or Oval,
which the Earth traces in our #inter Halfe
year, (7.e. from Autumn to Spring) is nearer
to the Sun than the other Part of it which
the Earth traces in our Summer Half-year,
(7. e. from Spring to Autumn.) And as it
1s nearer to the Sun, fo confequently ’tis the
fhorter or lefer half, if I may fo exprefs it
‘The very Figure thews it plainly.

Note, By our Winter and our Summer 1
mean thofe Seafons as they refpe@ us in
Europe, and in thefe Northern Parts of the
Globe.

N 4o
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4. Thence it follows that the Sun appears
to finith its Winter Half-year from Sepzam-
ber 12® to March 10, ie. from = by
v to o fooner by % or 8 Days than it does
the Summer Half-year, z.e. from « by
&5 to =, or from March 10% to September
122, which is proved thus: When the
Earth is at #, the Sun appears at & and ’tis
Midfummer. When the Earth is at e the
Sun appears at = and ’tis Autumn. When
the Earth is at o the Sun appears at » and
*tis Midwinter. And when the Earth is at
a the Sun appears at « and ’tis Spring. Thus
the Sun appears to pafs through thofe Signs
which are juft oppofite to thofe which the
Earth pafles. Now as the Earth is longer
in going through the Arch 4 7 ¢, from = to
o, than it is in going through the Arch ¢o g,
from v to =, {o confequently the Sun
appears to pafs through the oppofite Signs
from Aries to Libra, flower than he does
from Libra to Aries.

'This is proved alfo plainly by the Com-
putation of Days.

After the Sun enters Aries on March
rotr, that Month hath 21 Days, and after
the Sun enters Libra on September 12,
that Month hath 18 Days. Now let us
compute,

March
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March —21 v | September -- 18
Aprz'l — 30] October ——-- 31)
November -- 30 ,
fﬁme 30 ¢ D ays December — 31 yDays

»

Fuly QL ] Fanuary----3 1
Auguft — 31 February --- 28 j
September 12 = March ——-m- I0 o

e v

Summer 186 Days | Winter -- 179 Days

.. Agreeably hereto ’tis found that in the
Winter Months (chiefly from the middle of
Oélober to the latter end of February) the
Sun appears to move fomething more than
one Degree in a Day: But in the Summer
Months (chiefly from the latter end of
February to the middle of Oéfober) the Sun
appears to move fomethmg lefs thar one De-
gree in a Day, 'This is one Reafon why a
good Pendulum Clock meafures Time more
juftly than the Sun: And ’tis this Irregularity
of the Sun’s meafuring Time that makes the
Tables of Equation of Time neceffary.

6. And thence arifes a fenfible Inequality
between the Times of the Sun’s apparent
Continuance in different S1gns of the Zodi-
ack : He feems to tarry longer in thofe of the
Summer, and fhorter in thofe of the Winter :
So that he does not leave one Sign, and
enter another juft in the fame Proportions or
Diftances of Tlme every Month.,

N2 7, 'This
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. 'This occafions a little Variation of the
Declination of the Sun, and his Right Af-
cenfion from the Regularity that we might
expet ; for they are both derived from his
apparent Place in the Ec/iptick : And there-
fore none of them can be found by Learners
with utmoft Exactnefs, but in-an Ephemerts
or Tables which thew the Sun’s Place, &c.
every Day in the Year.

8. Let it be noted alfo, that the Leap-year
with its additional Day the 29 of February,
returning every four Years, forbids the Sun’s
Place in the Ecliptick to be exactly the fame
at the fame Day and Hour of the following
Year, as it was in the foregoing; fo that
though you knew the Sun’s Place, his Right
Afcenfion and Declination for one whole
Year, that would not ferve exactly for the
next Year, for the niceft: Purpofes of
Aftronomy.

g. Yet as in four Years Time the Sun ap-
pears very nearly at the fame Place in the
Heavens again at the fame Day and Hour
and Minute as before, fo a Table that con-
tains the Round of four Years is a fufficient
Diretion for 20 Years ‘to find the Sun’s
Place for any common Purpofes: Provided
always that we feek the Sun’s Place, Decli-
nation or Right Afcenfion, for any Year and
Day in that Year of the Table that is equally
diftant from Leap-year, whether it happen
to be the firft, the fecond, or the third after

: - Leap-
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Leap-year, or whether it be the Leap-year it
felf. See more of this Matter Seé?. XXI. of
the Tables of Declination.

10. If we would make one fingle Table
or Scale of the Sun’s Entrance into the Signs
of the Zodiack, or of his Declination or
Right Afcenfion to ferve for every Year, we
muft chufe the fecond after the Leap-year;
becaufe that comes neareft to the mean or
middle Courfe and Place of the Sun, and will
occafion the leaft Error in any Operations.

I have therefore here fet down a fhort
Tuble of the Sun’s Entrance into the {everal
Signs, according to the Account of Partker’s
Ephemeris for the Year 1720, which is the
fecond after Leap-year ; and for Geometrical
Operations with a plain Scale and Compafs,
it is fufficiently exact for 20 Years to come,

Anno 1726, the fecond after Leap-year.

Day d. m. Day d., m,
March 10==v—0:36|Sepf. 12--=~~0:05
April - ga-g--0:03| 0. 13--M-~0:47
May 10-+m--0:01|Nov.12--%--0:59
Sune 11-=w-=0:36|Dec. 11--75--0:28
Fuly 12-=9u-—-0:12|Jan. g--z--0:10
Auguft 13-=m--01 53 Feb, G--3--0:38

It is not poffible to form all this irregular
Variety of Times when the Sun enters the
feveral Signs into any Memorial Lines

N2 or
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or Rhymes with any Exatnefs and Perfpl-
cuity ; and therefore I have omitted the
Attempt. Such a fhort Table as this may
be always carry’d about by any Perfon who
deals frequently in fuch Operations and
Inquiries.

But to give an Example of the Praétice.
Suppofe it be inquired, what is the Sun’s
Place, April 25, I find the Sun juft entered
into Taurus v April the ', then I reckon
tis in the 16% Degree of v April 25™,
which added to the whole 30 Degrees of
Aries, thew the Sun to be 46 Degrees from
the Equmoéhal Point « on the 25 of April.

If the 18% of November we enquire the
Sun’s Place, we muft confider the Sun is
got 59 Minutes in # the 12 of November,
that 1s, very nearly one whole Degree:
Therefore on the 18 it is about 7 Degrees
in #, which added to 30 Degrees of m
and 30 Degrees of =, fhews the Sun on
the 18 of Npvember, to be about 67 De-
orees from the Autumnal Equinox or =.

Thus by adding or {fubftracting as the Cafe
requires, you may find the Sun’s Place any
Day in the Year : And thence you may com-
pute its Diftance from the nearefl Equinoctial
Point, which is of chief Ufe in Operations
by the Analemma. :

Problem XXI. The Day of t/ye'Montb

" being given, to draw the Parallel of De-
2 clination
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clination for that Day without any Tables or
Scales of the Sun’s Declination. '
This may be done two Ways. The fir/t
Way is by confidering the Sun’s Place 1n
the Ecliptick, as April the 25™ it 15 46 De=
arees from the Equinox Northward. There-
fore in Figure XXIV. after you have drawn
H Z O the Meridian, E C the Equator, fet
up 23z Degrees the Sun’s greateft Declina-
tion from E to M ; draw M C to reprefent
the Ecliptick ; then take 46 Degrees froma
Line or Scale of Sines and {fet it from C the
Equino¢&ial Point to K in the Ecliptick ;
through the Point K, draw DR parallel
to EC the Equator. Thus DR reprefents
the Sun’s Path that Day, and fhews the
Declination to be ED or 1617,
Note, If you have ne’er a Scale of Sines
at hand, then take the Chord or the Arch of
- 46 Degrees, fet it up in the Limb from
Hto G, fet one Foot of the Compafies in
G, - and take the neareft Diftance to the
Line H O or Diameter, and that Extent is
the Sine of 464
The other Way of drawing a Parallel
of Declination, is by feeking what is
the Meridian Altitude for the 25% of
April, and you will find it to be 55 De-
grees. Set up therefore the Arch of 5¢¢
from H to D; and from the Point D

draw D R a Parallel to E C, which
N 4 fhews
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thews the Declination and Sum’s Path as
before. "

"Thus though you have no Scales or Tuables
of the Sun’s Declination at hand, you fee it
is poffible to find the Howr and Azimuth,
ana many other Aftronomical Problems by
the Apaleima for any Day in the Year.
But this Method which I propofed of per-
forming them by finding the Sun’s Place i
the Ecliptick by any fhort general Scale or
Table, is liable to the Miftake of near Half
a Degree fometimes.

Obferve here, if you have by any Means
obtain’d and drawn the Sun’s Path, (viz.)
DR for any given Day, you may find both
the Sun’s Place in the Ecliptick and its Right
Afcenfion. by drawing CM the Ecliptick.
For then CK will be the Sine of the Su’s
Place or Longitude to the common Radius
CM: And 6 K will be the Sine of the Sun’s
Diftance on the Eguator from the neareft
Equinotiial Point, but the Radius is 6 D :
From hence you may eafily compute its
Right Afcenfion. :

Note, Though the little Schemes and
Diagrams which belong to this Book are
{ufficient for a Demonftration of the Truth
and Reafon -of thefe Operations, yet if you
have occafion to perform them in order
to find the' Hour or Azimuth with great
Exactnets, you muft have a large flat Board,

ar
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or very {tiff Pafteboard with white Paper
pafted on it, that you may draw a Semi-
circle upon it of g or 10, or rather 12 Inches
Radius ; and the Lines muft not be drawn
with Ink, nor with a Pencil ; for they can-
not be drawn fine enough : But draw them
only with the Point of the Compafs ; and
you muft obferve every Part of the Opera-
tion with the greateft Accuracy, and take
the Sun’s Place or Declination out of good
Tables : For a little Error in fome Places
will make a foul and large Miftake in the
final Anfwer to the Problem.

Yet if the Sun be within feven or eight
Days of either fide of either Solftice, you
may make the T7opic of Cancer or Capricorn
ferve for the Path of the Sun without any
{fenfible Error 5 for in 16 Days together at
the Solftices its Declination does not alter
above 12 or 15 Minutes: But near the
Equinox you muft be very exa&; for the
Declination alters greatly every Day at that
Time of the Year.

‘There might be alfo various Geographical
Prattices or Problems that relate to the
Earthly Globe performed by the Afiiftance
of the Analemma, and feveral other Aftro-
nomical Problems relating to the Sun and
to the fix’d Stars; but fome of them are
more troublefome to perform ; and what I
have already written on this Subject is abun-

dantly
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dantly fufficient to give the Learner an Ac-
quaintance with the Nature and Reafon
of thefe Lines, and the Operations that are
performed by them. And for my own Part
I mutft confefs, there is nothing has contri-
buted to eftablith all the Ideas of the Do¢trine
of the Sphere in my Mind more than a per-
fe¢t Acquaintance with the Analemma.

Problem XXII. How fo drow a Meridian
Line, or a Line direétly pointing to North
and South on a Horizontal Plane by the Alti-
tude or Azimuth of the Sun being given.

At the fame Time while one Perfon takes
the Altitude of the Sun in order to find the
Azimuth from Noon by it, let another hold
up a Thread and Plummet in the Suzn-
beams and mark any two diftant Points in
the Shadow as A B, Figure XXVI. and
then draw the Line A B: Suppofe the
Azimuth at that Moment be found to be
35 Degrees, draw the Line A E at the An-
gle of 35 Degrees from A B, and that will
be a true Meridian Line.

You muft obferve to fet off the Angle on
the proper fide of the Line of Shadow Ea/}-
ward or Weflward, according as you make
your Obfervation in the Morning or in the
Afternoon.

Note, Where you ufe a Thread and
Plummet, remember that the larger and

heavier
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heavier your Plummet is, the fteadier will
your Shadow be, and you will draw it with
oreater Eafe and Exactnefs.

In this and the following Operations to
draw a Meridian Line, you muit be fure that
your Plane be truly Leve/ and Horizontal,
or elfe your Performances will not be true.

Problem XXII1. 7o draw a Meridian Line
on a Horizontal Plane by a perpendicular Style.

Note, That when I {peak of a perpends-
cular Style, 1 mean either of thofe three forts
of Styles *before-mentioned in Problem 1.
(viz.) A flrait Needle fluck into the Board
perpendicularly, as Figure XV. A firait or
crooked Wyre ftuck in floping at random with
the perpendicular Point found under the tip
of it, as Figure XVI ; or the Brafs Prifm,
as Figure XVII. For what I call a perpen-
dicular Style may be apply’d and afcribed to
either of thefe.

Make feveral parallel Circles or Arches,
as Figure XXVII : In the Centre of them
fix your perpendicular Style N C. Mark in
the Morning what Point in any Circle the
End of the Shadow touches, as A. - In the
Afternoon mark where the End of the Sha-
dow. touches the fame Circle, as O : Divide
the Arch A O juft in halves by a Line
drawn from the Centre, and that Line CM

will be a true Meridian Line, ,
The
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The Reafon of this Prattice is derived
‘hence, (wz.) that the Sun’s Altitudein the
Afternoon is equal to the Sun’s Altitude in
the Morning when it cafts a Shadow of the
fame Length : And at thofe two Moments it
is equally diftant from the Posnt of Noon or
the South, which is its higheft Altitude :
therefore a Line drawn exa&ly in theMiddle
between thefe two Points of Shadow muft
‘be a Meridian Line or Point to the North
and South.

ThisProblem may be performed by ﬁxmg
your perpendicular Style firft, and obferving
the Shadow A before you make the Circles,
(efpecially if you ufe the Brafs Prifm, or
the floping Style with the perpendicular
Point under it) then fet one Foot of your
Compafles in the perpendicular Point C,
extend the other to A, and fo make thc
Circle.

If you ufe the Prifin for a Style, you may
mark a Line or Angle at the Foot of it
where you firft fix it, and place it right a~
eain, though you move it never {o often.

It is very convenient to mark three or
four Points of Shadow in the Morning,
and accordingly draw three or four Arches
or Circles, left the Sun fhould not happen
to fhine, or you fhould not happen to at-
tend juft at that Moment in the Afternoon

when the Shadow touches that Circle on
which
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which you marked your firft Point of Sha-
dow in the Morning.

If you would be very exaét in this Ope-
ration you thould tarry till the Sun be gone
one Minute further #effward in the After-
noon, z. e. till one Minute after the Shadow
touches the fame Circle, and then mark the
Shadow; beeaufe the Sun in fix Hours Time
(which is one Quarter of a Day) is gone
Eaflward on the Ecliptick in his Annual
Courfe one Minute of Time, which is 15
Minutes (or one Quarter) of a Degree.

Problem XXIV. 90 draw a Meridian
Line on a Horizontal Plane éy a Style or
Needle fet up at random.

Another Method near a-kin to the former
is this : Set up a Needle or fharp-pointed
Style at random, as N D, in Fig. XXVIIL.
Fix it very faft in the Board, and obferve a
Point of Shadow in the Morning as A.
Then with a Pin ftuck on the tip of the
Style N (without moving the Style) draw
the Arch A S O: Mark the Point of Shadow
O, in the Afternoon when it touches that
Arch (or rather when it is one Minute paft
it,) Then draw the Line A O and biffect
it, or cut it in halves by a perpendicular
Lme M E, which is a true Meridian.

Note, In this Method you have no
Trouble of fixing a Style perpendicular,

nor .
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nor finding the Point dire¢tly under it fora
Centre. But in this Method as well as in
the former it is good to mark three or four
Points of Shadow in the Morning, and
draw Arches or Circles at them all for the
fame Reafon as before.
. Obferve here, That in thefe Methods of
drawing a Meridian Line by the Shadow of
the tip of a Style, I think itis beft generally
to make your Obfervations between eight
and ten a Clock in the Morning, and be-
tween two and four in the Afternoon. In-
deed in the three Summer Months May,
Funeand Jfuly, you may perhaps make pretty
good Obfervations an Hour earlier in the
Morning, and later in the Afternoon ; but
at no time of the Year fhould you do it
within an Hour of Noon, nor when the Sun
is near the Horizon ; for near Noon the
Altitude of the Sun or the Length of Shadow
varies exceeding little ; and when the Sun
is near the Horizon, the Point and Bounds
of the Shadow are not full and ftrong and
diftin&, nor can it be marked exadtly.
Therefore if in the three Winter Months,
November, December or fanuary, you make
your Obfervation, you thould then do it half
an Hour before or after ten a Clock in the
Mormng, and fo much before or after two
in the Afternoon ; for otherwife the Sun
will be either too near Noon, or too near
the Horizon., But



Se&. 20.  Geography and Aftronomy. 193

But in general it may be advifed that the
Summer half Year is far the beft for Obfer-
vation of Shadows in order to any Opera-
tions of this Kind.

Problem XXV. Yo draw a Meridian Line
on an Equinoltial Day.

On an Eguinoctial Day or very near it,
as the 8%, g%, or 10® of March ; or the
11%, 12, or 13™ of September, you may
make a pretty true Meridian Line very eafily
thus by Frgure XXIX.

Mark any two Points of Shadow as A B
from a Needle CD fet up at random, (no
matter whether it be either upright or
ftrait.) Let thofe two Shadows be at leaft
at the Diftance of three or four Hours from
each other, and it is beft they thould be ob-
{ferved one in the Morning and the other a-
bout the fame Diftance from 12 in the Af-
ternoon ; and then draw the Line A B which
reprefents the Equinottial Line and is the
Path of the Sun that Day : Crofs it any
where at right Angles, and M N, or OP,
are Meridian Lines.

Note, *'Tis beft to mark feveral Shadows
that Day, as §, §, S, and draw a right Line
A 5§ B by thofe which lie neareft ina right
Line, that you may be the more exa&.

Problem XXVI. To draw a Meridian Line
by a Point of a Shadosw at Noon,
If
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If you have an exact Dial to whofe Truth
you can truft, or a good Watch or Clock
{et exactly true by the Sun that Morning,
then watch the Moment of 12 a Clock or
Noon, and hold up a Thread and Plummet
againft the Sun, and imark the Line of Sha-
dow on a Horizontal Plane, and that will be
a true Meridian Line.

Or you may mark the Point or Edge of
Shadow by any thing that ftands truly per-
pendicular at the Moment of 12 a Clock,
and draw a Meridian Line by it.

Problem XXVII. Yo draw a Meridian
Line by a Horizontal Dial.

If you have a Horizontal Dial which is
not faftened, and if it be made very true,
then find the exa¢t Hour and Minute by a
Quadrant, or any other Dial, &e¢. at any
time of the Day, Morning or Afternoon ;
fet the Horizontal Dial in the Place you de-
fign, to the true Hour and Minute ; and the
Hour Line of 12 will dire& you to draw a
Meridian.

Or if your Dial be {quare, or have any
fide exactly parallel to the Hour Line of 12,
you may draw your Meridian Line by that
Side or Edge of the Dial,

Problem XXVIII. How to transfer a

Meridian Line from one Place fo another.”
- There
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There are feveral Ways of doing this.

I Way. If it be on the fame Plane; make
a parallel Line to it, and that is a #7ue Me-
ridian. -

II* Way. If it be required on a different
Plane, fet fome good Horizontal Dial to the
true Hour and Minute by your Meridian
Line on the firft Plane, then remove it and
fet it to the fame Minute on the fecond
Plane, and by the 12 a Clock Line mark
your new Meridian.

Note, It the Sides or Edges of your Ho-
rizontal Dial are cut truly parallel to the 12
a Clock Line, you may draw a Meridian
by them as before.

III* Way. Hold up a Thread and Plum-
met in the Sun, or fet up a perpendicular
Style near your Meridian Line any time of
the Day, and mark what Angle the Line
of Shadow makes with that Meridian Line
on your firft Plane; then at the fame Mo-
ment, as near as poffible, proje&t a Line of
Shadow by the Thread, or another perpen=
dicular Style on the new Plane, and fet off
the fame Angle from it which will be a true
Meridian.

Note, Two Perfons may perform this
better than one,

Problem XXIX. How to draw a Line of

Eaft and Weft on a Horizontal Plane,
O Where
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Where a Meridian Line can be drawn,
make a Meridian Line firft, and then crofs
it at right Angles, which will be a true Lizne
of Eaft and Wefi.

But there are fome Windows in a Houfe
bn which the Sun cannot fhine at Noon
in fuch a Cafe you may draw a Line of Eaff
and Weft {feveral Ways. '

It J7ay. You may ufe the fame Pratice
which Problem XXII. dire&ts, with this
Difference, (wiz.) inftead of feeking the
Sun’s Azimuth from the South, {eek its Azi-
muth from Eaft and Weft, and by a Line of
Shadow from a Thread and Plummet marked
at the fame time, fet off the Angle of the
Sun’s Azimuth from the Eaf? in the Morning,
or the Weft in the Afternoon. A common
Obfervation of the Courfe of the Sun will
fufficiently inform you on which fide of the
Line of Shadow to {et your Angle.

11¢ #ay. You may ufe the fecond Method
of transferring a Meridian Line by a Hori-
zontal Dial with this Difference, (‘vzz.) in-
fread of ufing the 12 @ Clock Hour Line, by
which a Meridian was to be drawn, ufe the
6 a Clock Line, which will be Eaft and Weft ;
for in a Horizontal Dial it ftands always at
right Angles with the Meridian.

II1¢ WWay. The third Method of transfer-
ring a Meridian Line will ferve here alfo;
but with this Difference, -(viz.) fet off the

Comple-
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Complement of the Angle which the Line of
Shadow makes with your Meridian Line on
the firft Plane, inftead of fetting off the
fame Angle, and obferve alfo to fet it off on
the contrary fide, that {o it might make a
right Angle with a Meridian Line if that
could have come on the Plane.

Problem XXX How fo ufe a Meridian
Line. |
The various Ufes of a Meridian Line are
thefe.

It Ufe. A Meridian Line is neceflary in
order to draw an Horizontal Dial on the
fame Plane, or to fix an Horizontal Dial
true if it be made before.

II* Ufe. A brafs Horizontal Dial may be
removed from one Place to another in {everal
Rooms of the fame Houfe; and thew the
Hour wherefoever the Sun comes, if either
a Meridian Line or Line of Eaft and Wef?
be drawn in every Window, by which to
fet an Horizontal Dial true.

III* Ufe. By a Thread and Plummet, or
any perpendicular Pin, or Poft cafting a
Shadow precifely along the Meridian Line,
we find the Hour of 12, or the Point of
Noon, and may fet a Watch or Clock ex-
altly true any Day in the Year, if we have
no Dial at hand.

02 1Y%
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IVt Ufe. *Tis neceffary alfo to have fome
Meridian Line in order to find how a Houfe
or Wall ftands with regard to the four
Quarters of the Heavens, Eaf, /Weft, North
or South, which is called the Bearing of a
Houfe or Wall, that we may determine what
fort of upright Dials may be fixed there,
or what fort of Fruit-Trees may be planted,
or which Part of a Houfe or Garden is
moft expofed to the Sun, or to the fharp
Winds.

Vi Ufe. By obferving the Motion of the
Clouds, or the Smoke, or a Vane or Wea-
ther-Cock, you cannot determine which
Way the Wind blows, but by comparing
it with a Meridian Line, or with a Line of
Eaft and Wefi.

When once you have got a true Meridian
Line, and know which is the Souzh, then
the oppofite Point muft be North; and
when your Face is to the North, the Eaft
is at your Right Hand, and the /¢f at
your Left,

VIt Ufe. A Meridian Line will thew the
Azimuth of the Sun at any time by holding
up a Thread and Plummet in the Sun, and
obferving where the Line of Shadow croffes
it. Or the fharp fmooth Edge of an up-
right Style or Poft will caft a Shadow a-
crofs a Meridian Line, and fhew the Sun’s
Azimuth,

VIS
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VII™ Ufe. If you have a Meridian Line
on a Horizontal Plane, you may draw a Cir-
cle on that as a Diameter, and divide it into
360 Degrees: Then fet up a fix’d or move-
able perpendicular Style, and it will thew
the Azimuth of the Sun at all Hours.

VIIT* Ufe. A perpendicular Style on a
Meridian Line will thew the Sun’s Meridian
Altitude by the tip of the Shadow ac-
cording to Problem II. And thereby you
may find the Latitude of any Place by
Problem VII.

IX*™ Ufe. If you have a broad fmooth
Board with a Foot behind at the Bottom,
to make it ftand, fuch as is defcribed in
Prob. XX1II. of the XIX® SefZ, and if it be
made to ftand perpendicular on a Horizon-
tal Plane by a Line and Plummet in the
middle of it, you may fet the Bottom or
lower Edge of this Board in the Meridian
Line, and by your Eye fix’d at the Edge of
the Board and projected along the flat fide,
you may determine at Night, what Stars
are on the Meridian 5 and then by the Globe
(as in Problems XXXIII. and XXXIV. Seé?.
XIX.) or by an Infitrument called a Nocfur-
nal you may find the Hour of the Night, or
by an eafy Calculation as in 'the XXXIII¢
Problem of this XX® Section,

Problem XXXI. How fo krow the Chief
Stars, and to find the North Pole,
O 3 If
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If you know any one Star you may find
out all the reft by confidering firft {fome of
the neareft Stars that lie round it, whether
they make a Triangle or a Quadrangle, [lrait
Lines or Curves, right Angles or oblique An-
gles with the known Star. This 15 eafily
done by comparing the Stars on the Globe
(being rectified to the Hour of the Night)
with the prefent Face of the Heavens, and
the Situations of the Stars there, as in
Problemn XXXII. Seét. XIX.

And indeed ’tis by this Method that we
not only learn ta kmow the Stars, but even
{ome Points in the Heavens where no Star
is. I would inftance only in the North
Pole, which is eafily found, if you firft learn
to know thofe feven Stars which are called
Charles’s Wain, {ee Figure XXX. four of
which in a Quadrangle may reprefent a Carf
or Waggon, b, 1, ¢, d, and the three others
reprefenting the Hor fes.

Noze alfo that the Star ¢ is called Alrozh,
d is called Dubbe, b and r are called the two
Guards or Pointers, for they point directly
in a {trait Line to the North Pole p, which
now is near 2 Degrees diftant from the Star
s, which is called the North Pole Star.
 You may find the North Pole alfo by the
Star Akoth, from which a ftrait Line drawn
to the Pole Star s goes through the Pole
Point p, and leaves it at 23 Degrees Diftance
from the Pole Star. ;

[POH Tk - c You
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You may find it alfo by the Z#le Star »,
which is the neareft Star to the Pole Star s
for a Line drawn from 7 to s is the Hypo-
thenufe of a Right-angled Triangle, whofe
right Angle is in the Pole Point p.  °

Problem XXXII. 9o find the Latitude by
any Star that is on the North Meridian.

It has been already thewn in the X* Pro-
blem of this Section how to find the Lat:-
tude of a Place by the. Meridian Altitude of
a Star on the South Meridian ; but the Me-
thods of Performance on the North Meri-
dian are different. |

The firff Way 1s this. Take the Altitude
of it when it is upon the North Meridian
at ¢ or 6 or 7 a Clock in the Winter, then
12 Hours afterwards take its Altitude again,
for it will be on the Meridian on t’other
fide of the Pole; fubftra@ half the Diffe-
rence of thofe two Altitudes from the great~
eft Altitude, and the Remainder is the true
Elevation of the Pole, or Latitude of the
Place.

A fecond Way. Obferve when the Star
Alioth comes to the Meridian under the
Pole ; then take the Height of the Pole Star,
and out of it fubftract 2% Degrees (which is
the Diftance of the Pole Star from the Pole)
the Remainder will be the true Elevation of
the Pole, or the Latitude. The Reafon of
this Operation is evident by the XXX™ Fi-

O 4 gure,
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gure, for Aloth is on the Meridian under
the Pole juft when the Pole Star is on the
Meridian above the Pole. -

Note, The Pole Star is upon the Meri-
dian above the Pole juft at 12 a Clock at
Night on the 4% Day of May, and under
the Meridian on the 5 Day of November :
Fifteen Days after that it will be upon the
Meridian at 11 a Clock : Thirty Days after
at 10a Clock : So that every Month it differs
about two Hours, |

Problem XXXIIL o find the Hour of
the Night by the Stars which arve on the
Meridian.

If you have a Meridian Line drawn, and
fuch a Board as I have defcribed under the
o Ufe of the Meridian Line, you may ex-
actly find when a Star is on the Meridian ;
and if you are well acquainted with the
Stars, wherefoever you fet up that Board
upright on a Meridian Line, you will fee
what Star is on the Meridian. Suppofe
Aldebaran or the Bull's Eye on the 20t of
January is on the South Part of the Meri-
dian; then in fome Tables find the Sun’s
and that Star’s Right Afcenfion, add the
Complement of the Right Afcenfion of the
Sun for that Day (w:z.) 3 Hours 6 Minutes
to the Right Afcenfion of the Star 4 Hours
17 Minutes, and it makes 7 Hours 23 Mi-
nutes the true Hour of the Afternoon.

Note,
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Note, If the Star be on the North Part
of the Meridian, or below the North Pole,
tis juft the fame Prattice as on the South :
for when any Star is on the Meridian, the
Difterence between the Sun’s R. A. and that
Star’s R. A. is the Sun’s true Hour, 7. e. its
Diftance from 12 a Clock at Noon or Mid-
night, at which Time the Sun is on the
Meridian either South or North.

If you have no Meridian Line drawn you
may find within two or three Degrees what
Stars are on the North Meridian thus ; Hold
up a'String and Plummet and proje it with
your Eye over-right the Pole Star, or rather
the Pole Point, and obferve what other Stars
are covered by it or clofe to it, for thefe are
on or near the Meridian.

Or it may be done with very little Error
by ftanding upright and looking ftrait for-
ward to the Pole Star, with a Stick, or Staff
between your Hands, then raife up the Staff
as ftrait as you can over-right the Pole,
and obferve what Stars it covers in that
Motion. _

But thefe Methods are rude, and only
ferve for vulgar Purpofes.

Problem XXXIV. 7o Jfind at what Hour

of any Day a known Star will come upon the
Meridian.

Subftra& the Right Afcenfion of the Sun
for that Day from the Right Afcenfion of
the
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the Star, the Remainder thews how many
Hours after Noon the Star will be on the
Meridian.  Suppofe I would know at what
Hour the Great Bear’s Guards or Pointers
will be on the Meridian on the 16 of Apri/;
(for they come always to the Meridian nearly
toth at once). - The Right Afcenfion of the
Sun that Day is about two Hours 14 Mi-
nutes. 'The Right Afcenfion of thofe Stars
is always ten Hours 24 Minutes. Subftract
the Sun’s R, A. from the Star’s R. A. the
Remainder is 1o Minutes paft eight a Clock
at Night, and at that Time will the Pozuzers
be on the Meridian.,

H. M.
Right Afcen. of Pointersis —— 10 24
Right Afcen. of Sun April 16" is~—~ 2 14

Time of Night ——  —— 8 10

Note, If the Sun’s Right Afcenfion be
greater than the Right Afcenfion of the Star,
you muft add 24 Hours to the Star’s Right
Afcenfion, and then fubftract as before.

You may eafily find alfo what Day any
Star (fuppofe cither of the Pointers) will be
on the Meridian juft when the Sun is there,
(viz.) at 12 a Clock. Find in the Tables
of the Right Afcenfion of the Sun what
Day that is wherein the Sun’s Right Afcen-
fion is the fame (or very near the fame) with

“that Star’s, which is the 17*" of Augz/ff. The

Sun’s
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Sun’s Right Afcenfion is 10 Hours 25 Mi-
nutes, then the Sun and Star are both on
the Noon Meridian at the fame time. But
the Sun’s Right Afcenfion on the 12" of
February is 22 Hours 25 Minutes. There-
fore thé Sun at that time is in the Noon
Meridian when the Star is in the Midnight
Meridian, there being juft 12 Hours Diffe-
rence.

Thence you may reckon when the Star
will be on the Meridian at any Time; for
about 15 Days after it will be on the Meri-
dian at 11 a Clock, 30 Days after at 10 a
Clock. So that every Month it differs about
two Hours ; whence it comes to pafs that in
12 Months its Difference arifing to 24 Hours
it comes to be on the Meridian again at the
fame Time with the Sun,

Problem XXXV. Having the Altitude of
any Star given to find the Hour.

To perform this Problem you fhould
never feek the Altitude of the Star when it
is within an Hour or two of the Meridian,
becaufe at that Time the Altitude varies fo
very little. 'When you have gotten the
Altitude, then feek what is the Star’s Hour,
that is, its Equatorial Diftance * from the
Meridian at that Altitude, which may be
* * The Sun or Star’s Horizsmtal Diftance from the Meridian

is the Azimuth : It is the Equatorial Diftance from the Me-
g;d;ag which is call’d the Sun or Star’s Hour.

done
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done by the Globe, or any Quadrant, or by
the Analemma, juft as you would feek the
Sun’s Hour if its Altitude were given: Af-
ter this, feek the Difference between the
Sun’s Right Afcenfion for that Day and the
Star’s Right Afcenfion, and by comparing
this Difference with the Star’s Hour you will
find the true Hour of the Night.

Note, This Method of Operation though
it be true in Theory, yet ’tis tedious and very
troublefome in Praéice. - The moft ufual
Ways therefore of finding the Hour of the
Night by the Stars (whether they are on the
Meridian or not) is by making ufe of a /large
Globe, or the Inftrument called a Nofturnal,
wherein the moft remarkable Stars are fixed
in their proper Degrees of Declination and
Right Afcenfion : And their Relation to the
Sun’s Place in the Ecliptick and to his Right
Afcenfion every Day in the Year being fo
obvious makes the Operation of finding the
true Hour very eafy and pleafant.

SEE AT OaH AT, & ¢ R

Tables of the Sun’s Declination, and of the
Declination and Right Afcenfion of [everal
remarkable fixed Stars, together with fome
Account bow they are to be ufed.

HE Refolution of fome of the Aftro-
nomical Problems by Geometrical Ope-
rations on the Analemma requires the Know-
ledge
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ledge of the true Place of the Sun, his
Right Afcenfion, or his Declination at any
given Day of the Year. But fince the Know-
ledge of his Declination is of moft eafy and
convenient Ufe herein, and fince his true
Place in the Ecliptick as well as his Righz
Afcenfion may be nearly found Geometri-
cally when his Declination is given, (ex-
cept ‘when near the Solftices) I have not
been at the Pains to draw out particular
Tables of the Sun’s Place, but contented
my {elf with Tables of Declination for every
Day in the Year, and Tables of Righs AJ~
cenfion for every tenth Day. Thefe are
fufficient for a young Learner’s Practice
in his firft Rudiments of A4fronomy. 'Thofe
who make a further Progrefs in this Science
and would attain greater Exacnefs, muft
feek more particular Tables relating to the
Sun in other larger Treatifes.

Here let thefe few Things be obferved.

I. Thefe Tables thew the Declination of
the Sun each Day at Noon ; for ’tis then
that the Afronomer’s Day begins, If you
would therefore know the Sun’s Declina-
tion, {uppofe at fix a Clock in the Morning
of any given Day, you muft compare the
Declination for zbat Day with the Sun’s
Declination the foregoing Day, and make a
proportionable Allowance, (wviz.) three
fourth Parts of the Difference of thofe

4 two
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two Declinations. If at fix in the After-
noon, you muft compare it with the follow=
ing Day, and allow in the fame manner one
fourth Part,

II. Thefe Tables are fitted for the Me-
ridian of London. 1If you would know
therefore the Sun’s Declination the fame
Day at Noon at Port-Royal in Famaica,
you muft confider the Difference of Longi-
tude. Now that Place being about 775 De-
grees Weftward from London, that is, five
Hours later in. Time, ’tis but feven a Clock
in the Morning there when ’tis Noon at
London : And you muft make a propor-
tionable Allowance for the Difference of
the Sun’s Declination by comparing it with
that of the foregoing Day. If that Place
had the fame Longitude Egffward from
London, it would be five a Clock in the
Afternoon there ; and then you muft com-
pare the Sun’s prefent Declination with that
of the Day following, and make Allowance
for the five Hours, 7, e. almoft # of the
Difference of the two Declinations. But if
you would know the Sun’s Declination at
any Place and at any Hour of the Day at
that Place ; find what Hour ’tis at London
at the gwen Hour at that Place, and find
the Dedlination of the Sun for that Hour at
London by Note the firft.

WNote,
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Note, Thefe Allowances muft be added
or fubfiratted according as the Sun’s Decli~
nation 1s zzcreafing or decreafing.

Yet in any of thele Geometrical Opera-
tions the Difference of the Sun’s Declina-
tion at other Hours of the Day or at other
Places of the World is fo exceeding fmall
that it is not fufficient to make any remark-
able Alterations, except when the Sun is
near the Equinoxes ; and then there may be
fome Allowances made for it in the manner
I have defcribed ; nor even then is there any
need of any {uch Allowances except in Places
which difter from London near g or 6 Hours
in Longitude.

III. Let it be noted alfo, that as the Place
of the Sun, fo confequently his Declination
and Right Afcenfion for every Day do vary
{fomethingevery Yearby reafon of the odd fve
Hours and forty nine Minutes over and above
365 Days, of which the Solar Year confifts,
"Therefore it was proper to reprefent the Sun’s
Declination every Day for four Years toge-
ther, (v22.) the three Years before Leap-Year
and the Leap-Year itfelf,- For in the Circuit
of thofe four Years the Sun returns very
aearly to the fame Declination again on the
fame Day of the Year, becaufe thofe odd five
Hours and 49 Minutes do in four Years time
make up 24 Hours, ora whole Day (want-
ing but four times eleven, 7. e, 44 Minutes;)

4 | which
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which Day is fuper-added to the Leap-Year
and makes the 29% of February, as hath
been faid before.

It is true that in a confiderable Length
of Time thefe Tables will want further Cor-
re@ion, becaufe of thofe 44 Minutes which
are really wanting to make up the fuper-
added Day in the Leap-Year. But thefe
Tables will ferve fufficiently for any com-
mon Operations for forty or fifty Years to
come, provided you always confult that Ta-
ble which is applicable to the current Year,
whether it be a Leap-Year, or the firft, the
fecond or the third Year after it.

IV. Obferve alfo thefe Tables of the Sun’s
Declination are fometimes reduced (as it
were) to one fingle Scale. And for this Pur-
pofe Men generally choofe the Table of De-
clination for the Second after Leap-2ear, and
this is called the Mean Declination, that is,
the Middle between the two Leap-Years.
This is that Account of the Su’s Place and
Declination, &c. which is made to be repre-
fented onall Mathematical Inftruments, (vz2.)
Globles, Quadrants, Projections of the Sphere,
and graduated Scales, &c. and this ferves for
fuch common Geometrical Practices in Aftro=
nomy without any very remarkable Error.

Concerning the Table of the fixed Stars,
let it be remembred that they move {lowly

round the Globe Eaftward in Circles pa-
rallel
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rallel to the Ecliptick, and therefore they
increafe their Longitude so Seconds of a
Minute every Year, that is, one Degree in
feventy two Years. But their Lafitude ne-
ver alters, becaufe they always keep at the
fame Diftance from the Ec/iptick.

Let it be noted alfo, that this {low
Motion of the fixed Stars caufes their
Declination and their Right Afcenfion to vary
(though very little) every Year. Their Right
Afcenfion neceflarily changes becaufe their
Longitude changes, though not exa&tly in
the fame Quantity. And though their Leg-
#1tude never alters, becaufe Latitude is their
Diftance from the Ecliptick, yet their De-
clination muft alter alittle, becaufe 'tis their
Diftance from the Equator. But the Tables
of their Right Afcenfion which I have here
exhibited will ferve for any common Pra&i-
ces for at leaft twenty Years to come, and
their Declination for near co Years, without
any fenfibleError in {uch Aftronomical Effays
as thefe.

It may be proper here to give Notice to
Learners, that the fame Stars may have Norzh
Latitude and South Declination ; fuch are all
thofe that lie between the Eguator and the
Southern half of the Ecliptick : But all thofe
Stars which lie between the Eguafor and the
Northern half of the Ecliptick, have South
Latitude and North Declination,

P A
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ATable of the Sun’s Declination for the Year 1725,

being the Firft aficr Leap-Year, which will ferve
for near 50 Years.

¢ | Janu. | Febr. | Mar. [ April | May | June | ©
< {Sowmh| .S 9.2 ' Northif JN. N. |=
dey i i (d. o ml doberdld. m. | dooiod
L2137 13 36 03 12|08 46|18 11|23 11| |
2| 2992 1TY 02 49109 07|18 26|23 15| 2
3 {21 ab)ng 5; 0z 25(09 29{18 41|23 18| 3
421 05|12z 35|02 02{09 50118 55|23 21| 4
5120 54|12 14|01 38}10 1219 09|23 23| 5|
620 g4z} 11 53{01 14|10 33119 23|23 25| 6
7|20 30|11 32|00 50{10 54|19 36|23 26| 7
3120 17111 #0lce, 27011 Y5140 49]22- 28188
9|20 04|10 49|00 03|11l 3520 oz|23 28| g
10{19 51{10 27| N. z0{11 56{20 14 23 29{10
1119 37|10 05{00 43|12 16|20 26|23 28|11
12119 23/09 43|01 07|12 36|20 38|23 28|12
13119 0G|09 21|01 3112 56120 49|23 27|13
14118 54|08 §9ior 54|13 1§}21 00|23 25|14
15118 39/08 36|02 1813 35121 10|23 24|15
16118 23108 14|02 4113 54121 20|23 21|16
17\18 08l 07 51|03 O5 (14 13|21 30|23 19|17
18|17 colo7 ‘29|03 28|14 32|21 40|2¢.16/18
,911/ 35/07 06|03 51114 50121 49|23 12|19
20117 18/ 06 43104 14|15 08i21 57|23 08|20
2117 o1{06 20|04 38|15 26{22 06|23 o421
22*16 44]05 56405 01\15 14122 14|23 00|22
23‘16 26105 33|05 24|16 O1 |22 21|22 54|23
24116 08jo5 10|05 47 |16 19122 28|22 49|24
2515 50(04 47|06 09|16 36122 35|22 43|25
26 15 32|04 23]06 32(16 52(22 42|22 37|26
27115 13/04 00|06 55 {17 09|22 48|22 30|27
28 14 54103 3607 LE I 2s 122 53222528
79 1435 ©7 39|17 4122 58|22 16|29
30{14 '151 o8 0217 56123 03122 08|30
31 ‘rgachl 08 24 123 07 31




Sect.21.  Geography and Aftrowomy. 213

ATable of the Sun’s Declination for the Year 1725,
being the Firft after Leap-Year, which will ferve
for near 50 Years.

G| July | Aug. ¢ Sept. § O&. | Nov. | Dec. o
< ! North]{ N. N. S, S, S. b
4 d. m.jd. m.ld. m.{d. m.|d. " m.}d. m
1 1§22 oof14 58}o4 08fo7 29|17 48}23 o8| 1
2|21 51114 40|03 45407 51|18 04§23 12} 2
3121 42414 22403 22108 14118 19§23 16| 3
{ 4121 3314 03402 59108 36i18 35423 19| 4
5121 2313 4402 35108 58[18 50§23 22| s
§ 621 13]13 25]02 12§09 20]19 o5}23 24| 6
7121 03113 oblor 49}og 42|19 19} 23 26{ ~
8120 52112 46]01 25}10 04} 19 33}23 27} 8
9{zo 41 {12 26}o1 ozfi10 26|19 47)23 28} ¢
1020 30112 oc6foo 39§10 47|20 0o} 23 28} 10
1— i
11120 18411 46100 15)11 09} 20 13§23 28}11
12§20 o611 26§S. o7f11 30{20 26} 23 28];2
13119 53 1% 05}00 31411 51120 38}23 2713
14§19 4010 4500 54}12 12|20 50§23 25 }14
I5 119 2710 24401 18112 32)21 02§23 231§
Lxé 19 14 {10 o3fol 41¥12 53}21 13}23 21}16
17119 colog 41foz 05113 13|21 23423 18|17
18418 461cg 20}oz 28{13 33|21 34{23 15{18
19118 31108 59862 52§13 53021 44}23 I1}1g
20{18 17108 37003 15f14 12{21 §3{23 06}20
21118 0208 15403 38}14 32)22 02|23 02]2;
22]17 46{07 53§04 02]14 51{22 11}22 §6]22
23117 31}07 31104 25}15 10]22 19|22 51|23
24 )17 15407 0gio4 48{15 28122 20122 4524
§25116 5906 47105 11115 47122 34122 38| 2g
26§16 42]06 2405 34116 05122 41{22 31|26
27 {16 20§06 ozfog5 57116 23{22 47|22 23|27
28 |16 09 los 39{06 20416 40}22 53|22 15128
29|15 s1405 16§06 43116 57122759 |22 07 |29
30115 34104 54007 06]17 14123 o421 58130
31 15 16104 31 17 31 | 21 49 31|

P2



214 The firft Principles of Set. 21
A Table of the Sun’s Declination for the Year 1726

being the Second after Leap-Year, which will [erve
for near 50 Years.

O Janu. | Febr. | Mar. April | Ma June | ©
il 8 He ¥ NN | N, I
d. m.|d m.|d ml|d m|d m|d m
Izt 39!13 41]03 18f0o8 40{18 08} 23 10} g
2|21 29|13 20|02 55109 02 182323 14] 12
3121 19|13 oo|oz 31fo9 24|18 37123 17| 3
4|21 08|12 40|02z 07|09 45118 52|23 20} 4
5120 §7{12 19| OI 44}10 07|19 ob| 23 288 bic
6|20 45|11 58{o1 zo}10 28} 19 19|23 25| 6|
2120 33|11 37|00 5610 49|19 33|23 26| 7
8120 20|11 16|00 33|11 10|19 40}23 27| 8
9|20 07|10 54|00 oglrt 3019 59{23 28] g
1ol19 5410 32| N. 1411 51|20 11|23 28} 10|
11|19 4110 11|00 38|12 ¥1;20 23|23 28| 11
12|19 27/0Q 49|01 Ol |12 31|20 35|23 28|12
1319 12|09 27|01 25}12 51} 20 46|23 27|13
1418 58/09 og|or 48|13 11|20 57|23 26| 14
1;%18 4308 42|02z 1213 30}21 08)23 24|1g
16118 27(08 19i02z 35|13 49|21 18|23 22 16
17(18 11{07 57|02 59|14 08|21 28|23 19|17]
1817 55|07 34|03 22}14 27|21 37]23 16/18
19|17 39,07 n\os 46|14 46|21 47|23 13}19
20|17 22|06 48|04 09|I5 O4|21 55}23 OG|z20
e ST | i o' Lo
21|17 05|06 23104 32|15 22|22 04|23 05|21
22%16 48] 06 oi104 ss{i5 40{22 12|23 or|22
23116 31|05 39l05 18}15 57|22 19|22 56} 23
2415 1305 16|05 41|16 15|22 27|22 50]24
5|15 55|04 52|06 04116 32|22 34|22 45|25
26,15 36|04 29i06 27116 48122 40|22 38|26
27]15 18,04 0506 49|17 05|22 46|22 32|27
2814 59! 03 42/ 07 12|17 21122 52|22 25|28
29,14 39| o7 34|17 37|22 57|22 18|29
30114 20j |07 56|17 52|23 oz|22 10|30
31|14 ool |o8 13 23 ob

1



Se&. 21. * Geggraphy and Afironomy. 215

A Table of the Sun’s Declination for the Year 17265
being the Second after Leap-Year, whichwill ferve
for near 50 Years.

O fJuly [Aug. [Sept. | O&. [|Nov. | Dec | 9

A2 N DL} PGS S. S. S. |=

d. m.{d. m. {d. m.{d. m.|d. m.[d. m.

1§22 02|15 03 Jo4 13107 23|17 44|23 o7] 1
2|21 53f14 44}03 50{07 46{18 oo|23 11} 2
3121 45|14 2603 27]08 08|18 16123 15] 3
4f21 35|14 07403 04|08 31118 31123 18} 4

] 5121 26113 49}02 41|08 53|18 46)23 21} 5
' 6}zt 16/13 300z 18{09 15|19 o1{23 24} 6
f 7121 o513 10fo1 54{09 37119 16}23 26] 7
f 820 geliz s1dorizikeg 50410 30423:27F 8
s 9{20 44{12 31}01 08|10 20|19 44}23 28] ¢
a 10§20 32112 II $00 44}10 42}19 57123 28}10
11 {202kt si'f oov2 14 1103 | 20,104 23. 28} 11
1220 ogfIl 31 §S. oz2{1t 25}20 23}23 28}12

13419 56|11 10400 25]11 46]20 35|23 27]13
14119 43{10 5c}00 49|12 06}20 47|23 26} 14

15119 30|10 29 }or 12|12 27|20 59|23 24]15
; 1619 17|10 08401 36|12 48|21 10]23 21}16
] 17119 03|09 47}ot 5913 08|21 21}23 19}17
: 18118 49|09 2502z z2{13 28|21 31}23 15}18
19118 35109 04102 4613 48|21 41)23 12} 19
20{18 20|08 42]03 09|14 08|21 §1f23 07{20

\ 21|18 o5{08 20|03 33|14 27|22 a0} 23 03] 21
22|17 50[(07 59103 50}14 46}22 ogf22 58|22

231 17 35407 36 os 19 15 0522 17422 god 2

24|17 19]07 14})04 42}15 24|22 25]22 46}z

25117 0306 g2 }o5 o6}15-42)22 32]22 40| 2
26|16 46|06 30|05 29§16 oo|z2z 39{22 33]26

27116 30l06 07105 52 {16 18] 22 4622 25} 27
281} 16:0gMioe ‘45 |06 15416361 22 szl 22 1728
29 15 56jo05 22|06 38116 53|22 57]22 og]zg

30§15 38lo4 59|07 00|17 10|23 02f22 oo]30

21| 15 21104 26 17271 21 iy




216 The firft Principles bf Se&. 21.

A Talle of the Sun’s Declipation for the Year 1727,
being the Third ofter Leap-Year, which will ferve
for near 50 Years.

tJ) Janu. | Febr. | Mar. | April | May |june | ©
-2t § Southi b5 §.* N. N. Ne il
d. imifd. sm, pd. v, | doioy Hd. om.dd. ool
1§21 42{13 453103 2408 35118 64|23 09} I
L2 32!13 2503 00|08 57118 19(23 13} 2}
3l21 21}13 o5fo2 37|09 19} 183442317} 3
4421 1112 45}02 13|09 40|18 48123 19} 4
g 20 59 12 24 (0} 49 IO o1 1g Oz 23 22 5
6{20 48|12 03for 26|10 23|19 16|23 24} 6
7120 36111 42]01 02|10 44|19 30|23 26} 7
8120 23{11 21§00 38{11 c5|19 43(23 27} 8
gjzo 1110 59100 15|11 25|19 56|23 28} ¢
10} 19 57|10 33 N. o811 46|20 08|23 28}10
11{19 44|10 16f00 32|12 06|20 20|23 28|11
12119 30} 9 54§00 55|12 26|20 32|23 2812
13419 16} 9 3zfo1 191274620 43|23 27|13
14§19 o1} g 1ofor 43|13 06|20 54|23 26|14
15118 461 8 47j0z 06]13 25|21 05|23 25|15
1618 311 8 25}02 30|13 45|21 16|25.22}16
17{18 18] 8 ozfoz 53|14 04|21 26}23 20}1y
18117 59| 7 40§03 17|14 23|21 35|23 1718
19117 434 7 17103 40|14 41 21 44123 14110
20017 26, 6 54{o04 03|15 00|21 53|23 1020 ¢
21}17 10| 6 31f{o04 26|15 18|22 0223 0b |21
22416 c2| 6 o8] o4 50[15 35(22 10|23 oz}22
23416 35| 5 45]05 13|15 53|22 18|22 57 {23
24116 17| 5 2105 35|16 10|22 25|22 52{24
25115 59! 4 58jo5 58|16 27|22 32)22 46125
26115 41| 4 34106 21 16 44|22 38|22 40} 26
27115 22 4 11}06 44|17 OL|22 45|22 33§27
28115 03! 3 48j07 06|17 17|22 50|22 2728
20(14 44| o7 29|17 33|22 56|22 19]29
30114 26 | 07 51|17 49|23 o122 1230
LN T A O e8 13 22 oc 31
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A Table of the Sun’s Declination for the Year 1727,
being the Third after Leap-1 ear, which will ferve
for near 50 Years.
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218 The firft Principles of 8e&. 21.

A Table of the Sun’s Declination for the Year 1728,
being Leap-2ear, which will ferve for mear 5a
Years.

CyJjanu. y Febr. | Mar. | Aprit | May | Jue o
< uouth.’l S. 5. % N. N. i N.§ &
d m'd m|d m|d m[d m'd m
1§21 440712 5o} 03 06108 52118 1c|23 120 §1
2]21 34113 30] cz 42|09 13}18 30|23 16} 2
3]21 24:13 1002 19|09 35118 45123 191 iz
4}21 13 12 50}o1 55109 5618 59|23 21} 4
5{21 02,12 29flot 31|10 18119 13|25 24| 5
6120 51|12 o301 08|10 39119 26123 26} 16
7120 39! 11 47} 00 44111 00} 19 4023 27| 7
8120 206111 26]00 20|11 20[19 52/23 28| 8
gl 2o U FTE oot N. o2 11 _J1Fz0 05!23 28] ‘g
1of20 o110 42100 26|12 01|20 17|23 29{10
11§19 47110 21100 5012 21]20 29123 23|11
12§19 281 6 &gl of T3z, dxioo 417123 20142
(8trg agie g 91 of 291 13 o¥t 20 223 264 18
12l tg o5l @ rsloz oF|13 2xior o3 f22 26| 34
IS TS solt 8 w02 24 YT 2021 13123 23|15
16318 2ed 8 30102 48113 £q( 2] 23123 2L L 16
17118 19| 8 o8} 03 11|14 18|21 33iz3 18|17
18|18 03] 7 45103 34|14 37{21 42[23 15 |18
19117 47| 7 22§03 58|14 55|21 51123 11|19
20|17 31| 6 sglo4 21|15 13|22 0023 07|20
21|17 14} 6 36104 44|15 3i 22 08;23 03 | 21
22116 571 6 13105 07/15 49|22 16|22 58| 22
231116 391 5 .sel o5 s0L16580122. 23 (22 53423
24 1? 21 §.25lo5 83116 3%L22 30|22 47124
25110 o3| § ou}ob 16| 1648122 37122 4% | 25
266 At | 4 40106 38| 16.800 72 43" 22 g5 | 26
27416 2904 17007 ©F | TFAlgL22 4Q 22 48.{ 27
28115 c8i 353107 23178022 55,22 21 |28
29114490, 3 30107 (45 | BaGiees 00 ; 22 14 | 2
30114 30 o8 0818 oolzg, 04 '22 06} 30

31114 10 o8 30 22 09 |




Sect. 21. Geography and Aftronomy. 21g

A Table of the Sun’s Declination for the Year 1728,
being Leap-Year, which will ferve for near 50
Zears,

1? July [Aug. (Sept. | Oc. ,iov. | Dec. | ©
ol N. N & §45, 5% S. =
st o
l d m|d m |d m. ]d m |d m {d. m.
I.21 57|14 §3|{04 02107 35117 5223 Oog}| I
221 49f14 35{03 38107 57118 08123 13} 2
3121 40{14 17|03 '15]08 20|18 24 }23 17] 3
4{21 3013 c8|02 52]08 42{18 39{23 20] 4
512t 2113 39|02 29§09 04|18 54|23 23{ §
621 10|13 20{02 06|09 26|19 09|23 25| 6
7121 0co}13 oojol 42]09 48119 23|23 26| 7
8120 4912 41|01 19|10 10|19 37 |23 28} B
9|20 38}12 21|00 5610 32]19 51|23 28] 9
10{20 26|12 01{00 32|10 §3 |20 04|23 29]IO
It {20 15 |11 41|00 09|11 14|20 17|23 28|11
12120 0z {11 20|S. 14}11 35|20 29 (23 28|12
13{19 50 {11 0ofloo 37 )11 §6]20 42|23 26}{13
14|19 37110 39]01 O1 {12 17|20 §3 |23 2514
115119 2410 18{ o1 24]12,38]21 o5 (23 23}1§
16|19 10|09 57|01 48}12 58|21 16|23 20]16
15l 18 86 1o0i36] ozi11113 18f21 261123 17 L7
(8118 42)09 14|02 35{13 38|21 3623 14 {18
19118 2708 53102 58f13 5821 46|23 10{19
20118 13408 31l03 21|14 18{21 55|23 05 |20
21|17 58108 09|03 45)14 37|22 04 |23 0O |2!
22|17 42 07 47|04 08|14 56|22 13|22 55 {22
23 117 27807 25104 31}15 1522 21 |22 49 ]23
24|17 11,07 03]l 04 54§15 33|22 29 {22 43 |24
25 116 54106 41|05 18]15 52|22 36 |22 36]25
26 |16 38|06 18| 05 41]16 10|22 42 |22 29 |26
27|16 21|05 56] 06 04|16 27|22 49 |22 21 {27
28 |16 04|05 33/ 06 27116 45|22 55 |22 13 |28
29 |15 47 o5 10} 06 49|17 02|23 oo |22 OF {29
30 {15 29|04 47{07 12{17 19|23 O5 |21 §6 (20
31 {15 11 o4 25 17436 21 4631




220 The firft Principles of  Sect. 21,
A Table of the Right Afcenfion and Declination of

Joime of ihe moft noted among the fiedStars for the
Dear 1726, which will ferve for near 20 Years
without [enfible Errors. ;

i o Z
The Names of the Stars. |og |Right | Decli-! o
=- | Afcen. {nation @
d. m:} d. m |
Scheder in Caffiopea’s Breaft 13 | 06 18]55 02'N
The Bright Star of Aries — |2 | 27 56122 08 N
Moandibula or Mencar the !
Whale’s Jaw — il a e bl B gN
Algol in the Head of Medufa 3-1.42 36139 52 N
Aldebaran, the Bull’s-Eye 11 | 65 o2}15 55 N
Capella, the Goat-Star — |1 | 74 07145 41 iN
Regel, the bright Foot of !
xS o AL L0 } 1 | 75 20|08 33 ,S
Orion’s preceding Shoulder |2 | 77 37]06 04 N
Middlemoft in Orion’s Girdle | 2 | 80 34for 248
Laft in Orion’s Girdle —— |2 | 81 44102 07 S
Orion’s following Shoulder |1 | 85 o4}o7 19 N
Syrius, the Dog-Star——— |1 | 98 16}16 208
Caftor’s-Head, 1. e. the
1 Northermoft T'win--— 2 HE0071 5130 2giiN
Prgons s St NGs LIS B fers | o RN
Hydra’s Heart ———— {2 138 31/07 298
| Regulus, the Lion’s Heart |1 |148 26)13 17|N
Deneb, the Lion’sTail—— {2 | 173 4616 05N
Firft in the great Bear’s Tail |3 | 190 0of21 523
Vindemiatrix, Virgin’s
North Wing i g 2 4#0%-30 1571 2N
Virgin’s Spike ———— 11 1197 42109 43S {
Middlemoft in th t '
st o 5 8% 11y {17 43156 22
Laft in the great Bear’s Tail [2 {204 11}50 42} N
Aréurys ——  —— |1 {210 47|20 38N
Southern Ballance ——— 121218 57|14 528
Northern Crown — ——"1 {2 |230 46§27 39‘),,,1:]




Sed. 21.  Geography and Afironomy. 221
The Names of the Stars. {5 |Right |Decli-| o
2.1 Afcen. |nation @
d. m.|d. m
Antares, the Scorpion’s Heart | 1 {243 10|25 47 {5
Serpentarins’s Head ———12 260 32112 46N
Dragon’s Head 2 {267 35|51 32|N
Lucida Lyre, in the Harp |1 |276 54138 33|N
Eagle or Vultur’s Heart —— |1 1294 19|08 10{N
Antinous’s Hand——— 3 |299 17|or 36(S
Fomahant, the Southern
Filhbs Moukh, wder8 b1 (390381 8L P3 S
in the flyingHorfe’
N ontder e M7 2 (342 37)26 55N
hab, ‘in the flying
P Hores Neok oo |2 [342 4613 43N
Andromeda’s Head ——— |2 {358 33127 34{N
Algzenib, in the flying
Bor{e’sWing called alfo% 2 [359 47]13 39N
Ala Pegafi

Note, In this Fourth Edition I have made
very few Additions but what upon a re-
view I faw neceflary to explain my own
Expreflions : Except only in Prob. XX. of
the XX* Secz. where I have left out thofe
antiquated Rhimes by which it was im-
poflible to fix the Sun’s Place with any Ex-
aCtnefs : And inftead of them have given a
juft and intelligible Account of the Sun’s
apparent Motion through the 12 Signs, with
fo unequal a Time of Continuance in each
of them, together with a fhort Table of the
Days when the Sun enters into each Sign,
and here at the end of the Book {fome con-
tracted Tables of the Sun’s Right Afcenfion.

Tables
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The firfp Principles, &c. Set. z1.

Tables of the Sun’s Right Afcenfion for every

L2 7>
The Sun’s Right Afcenfion for all the in-

tenth Day of

-1728.

the Years 1 R255 1726,

termediate Days may be nearly computed &y allow -

ing about four Minutes of an Hour, 1. €. one

Degree for every Day.

Y.(D.| Jan. | Febr. { Mar. { April | May | June
h. m. th. m. |h. m. {h. m. |h. m. | h. m.

2d 11996021 42k 95 30F T 2al s 16} 3%
52 111 l:20 1922 23 oo o7 | "2 00 18 SHHNG ©3
zxlzron) 23 oxl oo 43 2088 L 4igy L6145

ik 319 '3 bad aob 20 coil h@e tva 164 520
o frr}zo 18} 22-22}100 06] 1 59} 3 55| 6 o3
21|21 cof23 coloo 42| 2 37| 4 36| 6 44
w419 4L ZE AT 22 28 & 21} 3,108 §5./20
jiT] 2o1r T egi2nleo os | 1 561.3 54] G oz
Sldzrizo sotaz sgloo 41 2 364 4 35| 643
welar o 35 80144208 23 g1 FTL 24 97 184 5 23%
D hril 2o abksz 20f00. 08) 2.0k 3 57| 6 65
©21]20 58F22 5800 44| 2 39} 4 38| 6 46
v.|D ]uly,’ Aug. | Sept. | O&. |Nov. | Dec.
T 1| 7 2609 28] 1122} 13 10415 ‘10}17 Ig
Y1t} 8 obf10 o5} 11 58}13 4815 52113 03
“lzt| 8 4610 42} 12 34f14 26]16 3518 47
~| 1} 7 25109 27} 11 21}13 09|15 0gi17 18
Bt11d 8 or g et LY 571134715 51 18 oz
NMz21| 8 4510 41} 1z 3314 2616 34[18 46
—_: 1| 7 24}09 25} 11 20]23 0915 og 17 .17
Nlii] 8 osf1004f11 56113 46}15 5018 57
~ 21| 8 44|10 40112 32|14 25)16 3318 45
:_ 7 27109 2¢{1t 23413 11}15 1. |17 20
N} 8 o7ftool|tr 59113 49(15 53 18 o4
w21 8 47110 43112 35|14 28|16 36118 49
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ven and Earth Page 1

Maps are Imitations of the Earthly

Globe 2
Sec. 11. The four Greater Circles, (viz.) the
" Horizon, the Meridian, the Equator and

O F the Spheres or Globes of the Hea-

the Ecliptick 3
The Horizon, Sun-rife, Sun-fet and Twi-

light 4
The Horizon [enfible and rational ibid.
The Parallax of the Planets 6
The Meridian, Noon and Midnight 6, 7
The Equator, Summer and Winter 3
The Ecliptick and the Twelve Signs 8
T he Sun’s daily andyearly Motion 10
Leap-Year, New Style and Old 1I
The Zodiac 12

Se&.
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Sect. III. The jfour Leffer Circles, (viz.)
the two Tropics and the two Polar
Circles 13

Sc&. IV. The more remarkable Points of
the Globe, (viz.) the two Poles, the
Zenith and Nadir, &c. 15

The thirty two Points of the Compafi ~ 16

Tbe Solfticial and Equinoctial Points 16, 17

Of the Proceffion of the Equinox 18
The Poles of the Ecliptick and the two
Colures 19
The Reprefentation of the Sphere in flrasf
Lines on the Analemma : 20
Se&. V. Longitude and Latitude on the
_ Earthly G/aée | 21
The Elevation of the Pole always equal to the
Latitude 2%
Parallels of Latitude and C’/zmaz‘es o
Se&t. VI Rngz‘ ﬂfce;g/ ton  and Hour GCir-
cles S 4
‘Degrees, Hours, Minutes, Secomls 28,29
The Dial Plate and Tndes or Pointer . wigg
Declination of Sun or Star North or South
30

It alters much. flower than the Sun's Place

31
Of the different Increafe and Decreafe of
the Days at the Solftices and at the Equi-

70X 13
Set. VII. Longitude and Latitude on the
Heavenly Globe ibid.
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The Orbits of Planets, their Nodes and

Eclipfes 36
Se@. VIIL. Aititude and Azimuth of the
Sun and Stars 38, 39
Parallels of Altitude 39
Vertical Circles 40

The Sun or Stars Amplitude 4%
How the Sun’'s Hour differs from his Azi=

muth 43
Stars rifing or fetting Helialically, &c. ibid.
Sect. IX. The Inbabitants of the Earth

diftinguifbed by the Sphere 44.
Right, Parallel aad Oblique Pofitions of the

Sphere - 45, &c.
Right and Obligue Afcenfion 48
The frve Zones

5 O
The Periceci, Anteci and Antipodes 53

Se&t. X. The wnatural Defecription of the
Earth and Waters

54

An Wfland, a Continent, g Peninfula, 1jth-
mus, &c. T4
Ocean, Lake, Guif, Bay, &c. 56, &c.

How all thefe are defcribed on Globes or
Maps

Sect. XL Of Maps and Sea Charts g?
Tbe warious Projections of the Sphere 63
Maps of the whole World 64
Maps of particular Countries 65
Differences between Maps and Sea Charts

67

oeét,
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Sect. XII. The Political Divifions of the
Earth : | 69
Scct. XII1. Europe with its Countries and

Kingdoms 71
Se@. X1V. Afia with its Countries and
Kingdoms 79
Se@. XV. Afjica with its wvarious Divi-
/ons 82

Sc&. XVI. America and its Divifions 84
Se@. XVIL. The fixed Stars onthe Heavenly

Globe 88
Difference between Planets and fixed Stars
89

The Northern and Southern Conflellations
QO

The Milly Way 95
Sect. XVIIL. Plancts and Comets ibid.

Conclufion of the Speculative Part of this
Difcourfe, or the Spherical  Doétrine of
Geography and Aftronomy 98

The fecond or fpecial Part of Geography, what
1t contains e}

The fecond or [pecial Part of Aftronomy,
what it contains . 99

Sect. XIX. Problems relating to Geography
and Aftronomy to be performed by the

Globe 104
The chief Definitions in the Spherical Dollrine
rebearfed 104

Prob. 1."Ts find the Longitude and Latitude
of any Placeon the Earthly Globe 107
; Prob.
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Prob. 2. The Longitude or Latitude of any
Place being given, how to Jind that Place
‘on a Globe or Map 108
Prob. 3. To find the Diftance of any two
Places on the Earthly Globe, or two Stars
_on the Heavenly Globe 1bid.
Prob. 4. To find the Anteci, Periceci and
Antipodes of any Place given (fuppofe
London) 110
Prob. 5. Any Place being given to find all
thofe Places which have the [ame Hour
of the Day with that in the given Place
111
Prob. 6. ' Any Place being given ([uppofe
Paris) to find all thofe Places in the World,
which bave the fame Latitude, and confe-
quently have their Days and Nights of the
Jame Length. k12
Prob. 7. To rectify the Globe according
to the Latitude of any Place required
ibid
Prob. 8. The Hour being given in any Place
(as at London) to find what Hour it is in

. any other part of the World 113
Prob. 9. o rectify the Globe for the Zenith
114

Prob. 10.  Any two Places being given, to
Jind the Bearing from one to the other
Le. at what Point of the Compafs the
one lies in refpect to the other ibid.

Prob. 11. Having the Day of the Month

Q given
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given to find the Sun’s place in the Eclips
tick 120

Prob. 12. The Day of the Month being
given, to find thofe Places of the Globe,
where the Sun will be Vertical or in the
Zenith that Day ibid.

Prob. 13. The Day and Hour of the Day
at one Place being given, to find at fwbat
other Place the Sun is Vertical at that
Hour s P

Prob. 14. The Day and Hour being given,
to find all thofe Places of the Earth,
where the Sun is then Rifing, Setting, or
on the Meridian 5 alfo where it is Daylight,
Tw:light, or Dark Night ibid.

Prob. 15. A Place being given in the Torrid
Zone, to find thofe Days in which the Sun
fhall be Vertical there 122

Prob. 16. A Place being given in ome of
the Frigid Zones, [uppofe the North, to
find when the Sun begins to depart from,
or to appear on that Place, bow long be is
abfent, and bow long be fhines conftantly
upon 1t. ibid.

Prob. 17. To find the Sun’s Declination and
Right Afcenfion any Day in the Year,
Suppofe the 10™ of May 124

Prob. 18. To rectify the Globe for the Sun’s
Place any Dayin the Year, and thus to re-
prefent the Face of the Heavens for that
Day ibid.

Prob.
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Prob. 19. The Place and Day being given
(viz.) the 10™ of May af London, 7o find
at what Hour the Sun rifes or Jets, bis
Afcenfional Difference, bis Amplitude, the
Length of Day and Night 125

Prob. 20. Tie Place and Day being given,
2o find the Altitude of the Sun at any given
Hour 120

Prob. 21. The Place and Day being given,
to find the Azimuth of the Sun at any
given Hour 12’7

Prob. 22. The Sun’s Altitude being given,
to find the Hour of the Day and alfo his
Azimuth 1bid,

Prob. 23. When the Sun is due Eaft or Weft
in the Summer, how to find the Hoyr and
bis Altitude 128

Prob. 24. To find the Degree of the De-
preffion of the Sun below the Horizon, or
its Azimyth af any given Hour of the
Night. 129

Prob. 25, To find how long the Twilight
continues in any given Place and given Day,
Juppofe the 10™ of May at London, both at
Morning and Evening ibid.

Prob. 26. To know by the Globe the Length
of the Longeft and Shorteff Days and
Nights in any Place of the World 130

Prob. 27. The Declination and Meridian
Altitude of the Sun or of any Star being
grven, tofind the Latitude of the Place ib.

2 Prob,
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Prob. 28. The Latitude of a Place being
given, to find the Hour of the Day in tbe
Summer wwhen the Sun [bines |

Prob. 29.  To find the Sun’s Alz‘zz‘ude wben ;z"

 fhines, by the Globe ¥22

Prob. 30. The Latitude and Day of the
Month éezng given, o find the Hour of the

Day fwbm the Sun [hines ibid,
Prob. The Place being given fo find

_ wb(zf Srm s never rife or never [et in that
Place 2
Prob. 32, The Place and Day of the Month
éemg given, to reprefent the Face or Ap-
pearance of the Heavens, and fhew the
sz‘uczfzaiz of all the fixed Stars at any Hour
of the Night ibid,
PIOb el A’ny Star on the Meridian being
given, to find the Hour of the Night - 134
Prob. 34. The Azimuth of any known Star
being given, to find the Time of Night 136
Prob. 35. The Altitude of a Star being
given, to find the Hour of the Night -ibid.
Prob. 36. To find the Longitude and Lati-
tude, Right Afcenfion and Declination of
any Star ¥37
Prob. 37. How fto find at what Hour any
Planet, fuppofe Jupiter, will rife or Jet,
or will b6 on the Meridian any given Day
in the Year 139
'Prob 38 Toe Pay and Hour of a Solar
Ecwﬂje aezrg known, to find all thofe
" FPlaces
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- Places in which that Eclipfe will be wvi-
Jible I4I
Prob. 39. The Day and Hour of a Lunar
Eclipfe being known, to find by the Globe
all thofe Places in which the fame will be
Vvifible o A 1bid.
Seck. XX. Problems relating to Geography and
Aftronomy to be performed by the Ufe of
the plain Scale and Compaffes 142
Prob. 1. How to fix a Needle perpendicular
- on a Plane, or to raife a perpendicular
Style or Pointer inorder to make Obferva-
tions of a Shade 143
Prob. 2. How to take the Altitude of the
- Sun by a Needle fix’d on a Horizontal Plane,
or any perpendicular Style 147
Prob. 3. How to take the Altitude of the
- Sun by a Style on a perpendicular or up-
right Plane 149
Prob. 4. To find the Sun’s or any Star’s
Altitude by a plain Board, Thread and
Plummet : 150
Prob. 5. To @ferve the Meridian Altitude
of the Sun or the Height at Noon : And
by the fame Method 2o find any Star’s
Meridian Altitude 2isa
Prob. 6. How fto find out the Declination
of the Sun, or of any large or known Star
| | ibid.
Prob. 7. To find the Latitude of any Place
by the Meridian Altitude, and Declina-
' tion



The CONTBN ES

' Zion of the Sun any Day inthe Year 1¢g
, Prob. 8. To find the Meridian Altitude
of the Sun any Day of the Year, the La-
titude of the Place being given 159
Prob. 9. To find the Decliugtion of the Sun,
its Meridian Altitude and the Latitude of
the Place being given ibid,
Prob. 10. 9o find the Latitude of a Place
by the Meridian Altitude of a Star, when

*#1s on the South Meridian 160
Prob. 11. By what Methods is the Longitude
of Places to be found . iy

Prob. 12. To find the Value of a Degree of
a greater Circle upon the Earth, or how
much it contains in Englith Mecg[zg‘e

1

Prob. 13. To find the Circumference, z‘bge
Diameter, the Surface and Solid Contents
of the Earth 164

Prob. 14. To find the Value of a Degree
of a lefer Circle on the Earth, 1. e. the
Value of a Degree of Longitude on the
leffer Parallels of Latitude 165

Prob. 15. To ereft the Analemma, or re-
prefent the Sphere in ftrait Lines parti-
cularly for the Latitude of London g1 x
Degrees 16

Prob. 16. How fo reprefent any Parallel
of Declination on the Analemma, or to
deferibe the Path of the Sun any Day in
she Yeur 171

Prop.
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Prob. 17. How to reprefent any Parallel of
Altitude, either of the Sun or Star on
the Analemma 171
Prob. 18. The Day of the Month and the

- Sun’s Altitude being  given, how to find
the Hour or Azimuth of the Sun by the
Analemma 172

Prob. 19. How to meafure the Number ~of
Degrees on any of the flrait Lines in the

Analemma 174
Prob. 20. To find the Sun’s Place in the
Ecliptick any Day in the Year 178

Prob. 21. The Day of the Month being gi-
ven, to0 draw the Parallel of Declination
Jor that Day without any Tables or Scales
of the Sun’s Declination 184

Prob. 22. How to draw a Meridian Line,
or a Line directly pointing to North and
South on a Horizontal Plane by the Alti-
tude or Azimuth of the Sun being given

' | 188

Prob. 23. To draw a Meridion Line on a

Hor1zontal Plane by a perpendicular Style
18

Prob. 24. To draw a Meridian Line on ?z
Horizontal Plane by a Style or Needle fot
up at random 191

Prob.25. To draw a Meridian Line on an
Egquinoiial Day. 193

Prob. 26. To draw a Meridian Line by a
Point of Shadow at Noon, ibid.

Prob.
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Prob. 27. Todraw a Meridian Line by &
Horizontal Dial 194,
Prob. 28. How to transfer a Meridian Line
from one Place to another ibid.
Prob. 29. How to draw a Line of Eaft and
Weft on a Horizontal Plane 195
Prob. 30. Howfo ufe a Meridian Line 197
Prob. 31. How to know the Chief Stars,
and to find the North Pole 199
Prob. 32. To find the Latitude by any Star
that is on the North Meridian 201
Prob. 33. To find the Hour of the Night by
the Stars on the Meridian 202
Prob. 34. To find at what Hour of any
Day a known Star will come upon the Me-

ridian 203
Prob. 35. Having the Altitude of any Star
given to find the Hour "% Bog
Sect. XX1. The Ufe of feveral Aftronomical
Tables 206

- Tables of the Sun’s Declination for the Years
1728 15265 1727, P28 « 212

" ATable of the Declination and Right Af-

cenfion of feveral fix’d Stars for the Year
1720 220

Tables of the Sun’s Right Afcenfion 222
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