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(i)
To my Learned Friend

Mt. FOHN EAMES

Fellow of the RoyaL SocreTY,

Dear SIR,
IT would be mere trifling to fay any

thing to you of the Excellency and
great Advantage of thole Sczences,
whole firft Rudiments I have here drawn
up. Your large Acquaintance with thefe
Matters hath given you a juft Relifh
of the Pleafure of them, and well in-
formed you of their folid Ufe. Bue,
perhaps, it is neceflary to excufe my
felf to the World, if I publifh fome of
the Fruits of my former Studies on fuch
Subjects as thefe. I would therefore
willingly have the unlearned Part of
Mankind appriz'd of the Neceffity and
general Ule of this fort of Learning;
and that not only to Civil, but to Sa-

cred Purpofes.
A 2 It
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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 Hu-
man and Divine is influenced and im-
proved by thefe Studies.

You can tell the World, that ’tis
the Knowledge of this Globe of Earth
on which we tread, and of thofe Hea-
venly Bodies which {eem to roll around
us, that hath been wrought up into
thefe two kindred Sciences, Geography
and Affronomy. And there 1s not a
Son or Daughter of Adam but has
fome Concern in both of them, tho’ they
may not know it in a learned Way.

This Earth is given us for an Habi-
tation: "Tis the Place of prefent Re-
{idence for all our Fellow-Mortals:
Nor is it poffible that there thould be
any Commerce maintain’d with thofe
who dwell at a Diftance, without fome
Acquaintance with the different Tracts
of Land, and the Rivers or Seas that
divide the Regions of the Earth,

The
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The Heavenly Bodies, which are
high over our Heads, meafure out our
Days and Years, our Life and Zime,
by their various Revolutions. Now
Life and Time are {fome of the deareft
things we have, and ’tis of important
Concern todiftinguifh the Hours asthey
pafs away, that proper Seafons may be
chofen and adapted for every Bufinefs.

You know, Sir, that thofe necef-
fary and uleful Inftruments, Clocks, .
Watches and Dials, owe their Origin
to the Obfervations of the Heavens:
The Computation of Months and
Years had been for ever impraéicable
without fome careful Notice of the
various Situations and Appearances of
thofe fhining Worlds above us.

I fhall be told, perhaps, that thefe
are not my fpecial Province. “Tis the
Knowledge of God, the Advancement
of Religion, and Converfe with the
Scripturesare the peculiar Studies which
Providence has afligned me. I know

g 1t
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it and I adore the Divine Favour. But
I am free and zealous to declare, that
without commencing fome Acquain-
tance with thefe Mathematical Sciences,
I could never arrive at {o clear a Con-
ception of many things delivered in
the Scriptures; nor could I raife my
Ideas of God the Creator to fo high a
Pitch: And I am well aflured that
many of the facred Funétion will join
with me and fupport this Affertion
from their own Experience.

If we look down to the Karth, *tisthe
Theatre on which all the grand Af-
fairs recorded in the Bible have been
tranfadted.  How is it poffible that we
fhould trace the Wandrings of Abra-
ham that great Patriarch, and the va-
vious Touls and Travels of Facob, and
the Seed of Ifiael in fucceflive Ages,
without fome Geggraphical Knowledge
of thofe Countries? How can our Me-
ditations follaw the Bleffed Apofiles in
sheir laborious Journies thre’ Kurope

and
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and Afra, their Voyages, their Perils,
their Shipwracks, and the Fatigues they
endured for the fake of the Gofpel;
unlefs we are inftructed by Maps and
Tables, wherein thofe Regions are co-
pied out in a narrow Compafs, and ex-
hibited in one View to the Eye?

It 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 bhath ordamed. What amazing
Glories difcover themfelves to our
Sight> What Wonders of Wifdom are
feen in the exa& Regularity of their
Revolutions 2 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 tranfcen-
dent Grandeur, fo much as that liccle
Portion of Affronomy which 1 have
been able to attain. And I would

not only recommend it to young Stu-
A 4 dents
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dents for the fame Purpofes, but I
would perfuade all Mankind (if it were
poffible) to gain fome Degrees of Ac-
quaintance with the Vaftnefs, the Dif-
tances, and the Motions of the Pla-
netary Worlds on the fame Account.
It gives an unknown Enlargement 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 afto-
nifhing $paces in which the Planets re-
volve, the Hugenefs of their Bu/k, and
the almoft incredible Swiftnefs of their
Motzoms?  And yet all thefe governed
and adjufted by fuch unerring Rules,
that they never miftake their Way,
nor lofe 2 Minute of their Time, nor
change their appointed Circuits in fe-
veral thoufands of Years! When we
mulfe on thefe things we may lofe our=
felves in holy Wonder, and cry out
with the Plalmilt, Lord, what 1s Man
that thow art mindful of bim, and the

Son
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Son of Manthat thou fbouldff vifit him?

“Twas 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
{ince, to lead others into the Know-
ledge of the firft Principles of Geogra-
phy and Aftronomy, 1 tound no Trea-
tife on thofe Subjects written in fo very
plain and {o comprehenfive 2 manner
as to anfwer my Wifhes: Upon this
Account I drew up the following Pa-
pers, and fet every thing in that Lighe
in which it appeared moft obvious and
ealy to me.

I have joined the general Part of
thefe two Sciences together: What be-
longs particularly to each of them is
caft into diftin& Setions. And I wifh,
Sir, you would prefent the World with
the Speczal Part of Affronomy drawn
up for the Ule of Learners in the moft
plain and eafy Method to render this
Work more complete,

R Moft
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Moft of the Authors, which I per-
ufed in thofe Days when I wrote many
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 ex-
act as thofe with which fome later
Writers have furnifh’d us : For this Rea-
fon the Account of the Su#'s Place in
the Ecliptick, the Declination and Right
Afcenfion of the Sun and the Srars in
fome Parts of the Book, efpecially in
the Solution of fome of the Problems
in the 20" Section; will need a
lictle Corretion; tho” I hope the
Zheorems will appear true in the Spe-
culation, and the Problems fo regular
and fucceflsful in the Pracice as is fuf-
ficient for a Learner. However, to
apply fome Remedy to this Inconve-
nience, there are added at the End of
the Book fome later Zables, which are
formed according to the celebrated
Mr. Flamfted's Obfervations,

I
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1 have exhibited near forty Pro-
blems to be pra&tifed on the Globe, and
thirty five more of various kinds to
be performed by manual Operation
with the Aid of fome Geometrical Prac-
tices. Thele were very fenfible Al-
lurements to my younger Enquiries
into thefe Subjects, and I hope they
may attain the fame Effet upon fome
of my Readers.

It was my Opinion that it would be
a very delightful Way of learning the
Dottrme and Ufes of the Sphere, to
have them explain'd by a variety of
Frgures or Diagrams ; this is certainly
much wanting in moft Auchors that I
have perufed. I have therefore drawn
thirty Fzgures with my own Hand, in
order to render the Delcription of eve-
ry 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
3 and
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and the Heavens, which probably may
tempt them on to the higher Specula-
tions of the great Sir Jfaac Newton
and his Followers on this Subje&t.

Yet there thould be 2 due Limit fet
to thefe Inquiries too, according to the
different Employments of Life to which
we are called: For it is poffible 2 Ge-
nius of a&ive Curiofity may wafte too
many Hours in the more abftrufe Parts
of thefe Subjeéts, which God and his
Country demand to be applyd to the
Studies of the Law, Phyfick or Divi-
nrty, to Merchandize or Mechanical
Operations.

If I had followed the Condu& of
mere Inclination, perhaps I fhould
have laid out more of my ferene Hours
in Speculations which are fo alluring:
And then indeed I might have per-
formed what I have here attempted in
2 manner more anfwerable to my De-
fign, and left lefs for the Criticks to
cenfure, and my Friends to forgive.

3 But
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But fuch as it is, I put it intirely, §7r,
into your Hands to review and alcer
whatfoever you pleafe, and make it
anfwerable to that Idea which I have
formed of your Skill. Then if you
{hall think fit to prefent it to the World,
I perfuade my felf I fhall not be utter-
ly 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 §ir, and forgive the
Trouble that you have partly devolv'd
on your {elf by the too favourable O-
pinion you have conceived both of
thefe Sheets and of the Writer of them,
who takes a Pleafure to tell the World
that he is with great Sincerity,

§ IR,

Your moft obedient Servant,

Theobalds i»
Hartfordfhire, I W ATTS.

June 11 1723,

T O
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REA DER.

I THINK my felf obligd, in
Jftrce to the mgentous Author as
well as the Publick, to affure
twem that the Alterations 1 bave ven-
turd to make in the Revifal of this
Work are but few and finall.  The
Same Perfprcusty of Thought and Eafe
of Expreffion which diftinguifb bis
other [Works running throngh the whole
of this, I don’t quefiion but the Worid
will meet with equal Pleafure and

Satisfaltion in the Perufal.
bk Touie Faes.
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THE FIRST
PRINCIPLES

OF

Geography and Aftronomy.

=l

SHEIREE. VL.

Of the Spheres or Globes of the Heaven
and Earth.

HE R E is nothing gives us a more
cafy or fpeedy Acquaintance with
the Earth and the vifible Heavens
than thc Reprefentation of them

on a Globe or Spheres becaufe hereby we
have the moft natural Image of them fet be-
fore our Eyes.

The Terreftrial Globe reprefents the Eartl
with its feveral Lands, Seas, Rivers, Iflands,
&r¢. The Celeftial Sphere or Globe reprefents
the Heavens and Stars.
~ Several Points and Circles are either mark-
¢d or defcribed on thefe Spheres or Globes,
or are reprefented by the Brafs and Wooden

Work



2 The firfe Principles of  Se&. 1.

Work about them, to exhibit the Places
and the Motzons of the Sun, Moon or Stars,
the Sitwation of the feveral Parts of the
Earth, together with the Relation that bear
all thefe to each other. :

The Earthly Globe, with the Lines and
Signs and Poznts that are ufually marked
upon it, is fuflicient to inform the Reader
of almoft every thing that I {hall mention
here, even with Regard to the Heavens, the
Sun and the Planets; unlefs he has a Mind
to be particularly acquainted with the fixed
Stars, and the feveral Ufes of them; then
indeed a Celeftial Globe is moft convenient
to be added to it.

Note 1%, 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 Planc in zwoe
Hemifpheres, as in the common Maps of
the Earth, or in Draughts or Deferiptions
of the Heavens and Stars.

Becaufe Globes are not always at Hand,
the feveral Points and Circles together with
their Propertics fhall be fo defcribed in this
Difcourfe, as to lead the Reader into fome
general and imperfe&t Knowledge of thefe
Things by a Map of the World (which is
nothing elfe but a Reprefentation of the
Globe of Earth and Waters on two Flat or

Plain



Se. 2. Geography and Aftronomy. 3

Plain Surfaces;) ot at lealt I fhall fo ex-
prefs thefe Matters that a Map will aflif
him to keep them in Remembrance if he
has been firft a little acquainted with the
Globe itfelf.

Note 24, Though the lateft and beft AL
tronomers have found that the Suz is
fixt in or near the Centre of our World,
and that the Earzh moves round its own
Axis once in twenty four Hours with a Crr-
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 unskilful, we fhall here
{uppofe the Suz to move round the Earth
both with a #azly and yearly Motion, as it
appears to our Senfes; (v7zz.) 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.,

S Bolsa.. 1
Of the Greater Circles.

HE Great Circles are {uch as divide

the Globe into two equal Parts, and

arc 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

infkding T fandsl



4 The firft Principles of Sedt: 2.

ftands. Its upper Edge divides the Globe into
the upper and lower Halves or Hewmifpheres,
and reprefents the Line or Circle thar divides
between the upper and the lower Parts of
the Earth and Heavens. This Circle deter-
mines 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 Twi-light; be-
caufe the Sun-Beams fhooting upward are
refleted down to us by the Atmoiphere af-
ter Sun-fet or before Sun-rite. And ‘tis
upon this Account that in our Horizon at
London there is no perfe&t Night in the
very middle of Summer for two Months
together, becaufe the Sun is not 18 Degrees
below the Horizon.

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

The Senfible Horizon {uppofes the Spe&ta-
tor placed on s the Surface of the Earth or
Woater, and it reaches as far as the Eye can
{ce. But the Rational or True Horizon
fuppofles the Speétator 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 Fjgure 1. the Circle sdpe is
the Earth, #ébnrg the Heavens, bsg the
Line making the Senfible Horizon, A r the
Rational Horizon.

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

Thus it appears that the Senfible Horizon
on the Earth or Sca zse differs very much
from the cxtent of the Real or Ra-
tional Horizon dse. But as to the Heavens
where the fixt Stars are, the Senfible Hori-
zon bug f{carce differs at all from the Ra-
tional Horizon hur: For the Eye placed in
the Centre of the Earth ¢, or on the Sur- -
face of it s, would find no evident Diffe-
rence in the Horizon of the fixt Stars, be-
caufe they are at fo immenfe a Diftance,
that in comparifon thereof half the Dia-
meter of the Earth, that is s¢ or gr the
Diftance between the Surface and the Cen.
tre is of no Confideration.

But lct 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 gr is of
fome Confideration in the Horizon of the
Planets.

B2 It
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It may not therefore be improper to note
in this Place, that f{uppofc a ‘Planet to be
at g, if the Eye of the Speftator were on
the Surface of the Earth at s, he would be-
hold it as level with the Horizon: But if
his Eye were at the Centre of the Earth or
¢, he would behold it raifed feveral De-
grees or Minutes above the fHorizon, even
the Quantity of the Angle ger, or (which
is all one) sge.

Now the - Difference between the Place
where a ‘Planet appears to a Speftator plac’d
on the Centre of the Earth, and to a Specta-
tor placd on the Surface, is called the Pa-
rallax of that Planer at that time; and
thercfore the Difference between thofe two
Places g and r, or rather the Quantity of
the Angle ger, or sge, is called its Hori-
zontal Parallax. And this is of great ufe
to adjuft the real Diftances, and cnnﬂ:quent-
ly the real Magnitudes of the feveral Pla-
nets. But this Do&trine of Parallaxes be-
1>ngs rather to the fecond or fpeczal Part
of Aftronomy.

1. The Meridian is a great Brazen Cire
cle in which the Globe moves; it crofles
the Horizon at right Angles, and divides
the Globe into the Eaflern and Weflern
Hemifpheres. It reprefents that Line or
Circle in the Heaven which paffes juft
over our Head, and cutting the Horizon

in
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in the North and South Points of it comes
juft under our Feer on the oppofite Side
of the Globe.

This Circle fhews when the Sun or
Stars are jult at North or South, and de-
termines 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 Neoon. When
it is on the Meridian and under the Ho-
rizon, ’tisjuft in the Norzh, and ’tis Mid-
ﬁ{gﬁf -
Note, Whenfoever we move on the
Earth, whether Eaf?, Weft, North, or South,
we change our Horizon both Sesnfible and
R&'f:aﬂd! for every Motion or Change of
Place gives us a Hemilphere of Sl{}f or
Hcaven over our Head a little different
from what it was; and we can f{ce lefs
on one Side of the Globe of the Earth and
more on the other Side.

Whenfocver we move toward the Eaff
or Vet we change our Meridian: But we
do not change our Mecridian if we move
diretly 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

B3 1ur~



b Thefirft Principles of  Sc&. 2.

furrounded with its proper Horizon.

III. The FEquator or Equinoltial Line
crofles the Meridian at right Angles, and
divides the Globe into the Northern and
Southern Hemifpheres; and diftinguifthes the
Sun’s yearly Path into the Swmmer and
Winter Half-Years. It reprefents in the
Heavens that very Line or Circle which
is the Path of the Sun in thofe two
Days in Spring and Autumn when the Days
and Nights are of equal Length.

Among all the Circles of the Globe this

is fometimes cminently called The Line ;
and Pafling 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 cvery
twenty four Hours upon the Axis of the
Equator, or (which is all one) in their fe-
veral Paths parallel to the Equator. This
is called their “Dzarnal or Daily Motion.

IV. The Ecliptick Line is the Sun's An-
wual or Tearly Path, cutting the Equinoc-
tial in two oppofite Points obliquely at the
Angles of 233 Degrees. On it are figured
the Marks of the 12 Signs through which
the Sun paffes, (viz.) Aries the Ram T,
T aurus the Bull &, Geminz the Twins 11,
Cancer the Crab 9%, Leo the Lion 8,
Virgo the Virgin W), Libra the Balance £,
Scorpio the Scorpion MW, Sagittarius the Ar-

cher
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cher f, Capricornus the Sea-Goat W, A-
guarius the Waterer Wh, Pifces the Fifhes 3.

Thefe Signs are certain Conflellations or
Numbers of Stars which are reduced by the
Fancy of Men for diftin&ion Sake into’ the
Form of twelve Animals, and for the Ufle
of the £nglifh 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 bolds the Watcr pot,
And Filh with glittering Tails.

Among thefe Signs Aries, Taurus, Ge-
mini, Cancer, Leo, Virgo, arc called North-
ern: But Libra, Scorpio, Sagittarius, Ca-
pricornus, Aquarius, Pifces arc Southern.
Capricorn, Aquarius, Pifces, Aries, Tan-
rus, Gemint are Afcending Signs, becaufe
they ftand in Succeflon Northward or rifing
gradually higher in our Ewuropean Hewmifphere :
But Cancer, Leo, Virgo, Libra, Scorpio, Sa-
gittarius are ‘Defcending Signs, for their Suc-
ceflion tends lower toward our Horizon, or
rather toward the Soathern Hemifphere.

Each of thefe Sizns has 30 Degrecs of
the Ecliptick allotted to it. The Sun or
any Planet is faid z0 be in fuch a Sign when
hc is between our Eye and that Sign, or
when he appears in that Part of the Hea-

B4 vens



10 The firft Principles of  Sed. 2.
vens where thofe Stars are of which the
Sign is compofed.

If it be enquired, How we can know
the Place of the Sun among the Stars, fince
all the Stars near it are loft in the Sun-Beams?
'Tis anfwered, that we can fee plainly what
Conftellation or what Stars are upon the Me-
ridian at Midnjght, and we know the Stars
which are exaétly eppofite to them, and
thefe muft be upon the Meridian (very near-
ly) 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 Degreec of any Sign the
Sun is inon agiven Day, and fee the Stars
around it.

The Sun is reckoned to go thro’ almoft
one Sign every Month or 30 Days, and thus
to finith the Zear in 365 Days s Hours and
49 Minutes, z. ¢. near 6 Hours: So that
the Sun may be fuppofed to move {lowly asa
onail thro’ almoft one Degree of the Eelzp-
tick Line every Day from the Weft to the
Eaft, while it is whirl'd round together with
the whole Frame of the Heavens from Eaft
to Weft in a Line parallel to the Eguator
in the Time of 24 Hours.

Note, we vulgarly call the Sun’s diurnal
or daily Path a Parallel to the Equator,
though properly ’tis a Spiral Line, which

the
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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 Equinoftial Line, or Equa-
zor it felf, isthe diurnal Path of the Sun a-
bout the oth or 10t of March and the 12thof
September, which are the two oppofite Points
where the Ecliptick or Yearly Path of the
Sun cuts the Lguator.

And thefe two Days are called the Lguz-
noftial Days, when the Sun rifes and fets
at fix 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 truc Reafon
why this Linc is called the Eguator or the
Equinottial.

It may not be improper in this Place to
remark that thofe s Hours and 49 Minutes,
which the Sun's Annual Revolution re-
quires above 365 Days, will in 4 Year's
time amount to near a whole Day: There-
fore every fourth Year has 366 Days in it,
and is called the Leap-Tear. Note, The
fuperadded Day in that Year is the 29t of
February in Great Britain.

It may be farther remark’d alfo, that the
odd 11 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
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once in 133 or 134 Years*. And ’tis the
neglect of accounting for thelec odd Minutes
in the O/d Siyle above a thoufand Years
backwards, that has made the Difference
between the O/ Style and the New to be
at prefent Eleven Days.

Note, The Zodiack is fancy’d as a broad
Belt fpreading about 5 or 6 Degrees on cach
Side of the Ecliptick, fo wide as to con-
tain moft of thofc Stars that make up the
12 Conftellations or Signs.

Note, The inner Edge of the wooden Ho-
rezon is divided into 360 Degrees, or 12
times 30, allowing 30 Degreesto every Sign
or Conltellation, the Figures of which are
ufually drawn there.

The next Circle to thefe on the Horizon
contains an Almanack of the Old Style
which begins the Year 11 Days later ; and
the next Crzrele is an Almanack of the New
8tyle which begins fo much fooner; and thefe
fhew 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 three times 133 Years
makes near 400 Years, he ordered the additional Day to be
omitted at the end of three Centuries fucceffively, and to
be retain’d at the 400™ Year or 4" Century. But in this
Reformation of the Calendar he look’d back no farther than
the Council of Nire. This order almoft all Foreign Nations
obferved: Great Britain did not obferve it: Therefore Great
Britain ufes the Old Style or the Fulian Aceount fo called
from Fulius Cfar who regulated thefe Matters above 40
Years before Chriff : The other Nations ufe the New Style,
which is called the Gregorian Aeconnt from Pope Gregory.

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

Note, One Side or Edge of brazen Me-
ridian is alfo divided into 360 Degrees or
4 times 90 ; on the upper Semicircle where-
of the Numbers ufually begin to be count-
ed 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 {pecial Ufes, as will
afterward appear. And it fhould be remem-
bred that ’tis this Edge of the Brafs Circle,
which is graduated or divided into Degrees,
that is properly the Merzdian Line.

Note, The Equator and the Ec/iptick are
called Unchangeable Circles, becaufe where-
fover we Travel or Change our Place on
the Earth thefe Circles are ftill the fame.

S ECIT)" K
Of the Leffer Circles.

HE Leffer Circles divide the Globe

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

L. 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



T4 The firft Principles of  Sed. 3.

‘tis called the Tropic of Cancer, becaufe the
Sun enters into that Sign the 11t of Fune
the longeft Day in the Year.

II. The Tropic of Capricorn juflt touches
‘the South Part of the Ecliptick, and de-
fcribes the Sun’s Path for the fhorteft Day
in the Winter: 'Tis drawn at 23% Degrees
diftance from the Equator toward the South
And ’tis called the Zropic of Capricorn be-
caufe the Sun enters into that Sign the 11
of “December the fhorteft Day in the Year.

Note, What 1 fpeak of the [borteft and
longeft ‘Days, rclates only to us who dwell
on the North Side of the Globe: Thofe
who dwell on the Somh Side have their
longeft Day when the Sun is in Capricorn,
and their thorteft in Cancer.

[1I, & 1V, The North and South Paglar
Circles are drawn at 232 Degrees of diftance
from cach Pole, or, which isall one, at 9o
Dregrees diftance from the contrary Tropic;
becaufe the Inhabitants under the Polar Cir-
cles 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 Ho-
rizon at their Midfummer, or when it is
in the nearelt Part of their Side of the E-
cliptick. _

The North Polar Circleis called the Are-

tigk
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tick Circle, and the South is the Antarctick.

Here I might mention the Five Zones
by which the Antients divided the Earth,
for they are a fort of broad Circles: But
perhaps thefe may be as well referr’'d to the
following Part of this Book.

AL gl [
Of the Points.

HE moft remarkable Points in the
; Heavens are thefe twelve or fourteen.

I, and 1I, 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 {uppofed to
turn daily as the Globe does upon thefe
Iron Poles. Thefe are alfo the Poles of the
Egquator, for they are at 9o 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 is
called the Axzs or Axle of the World.

III, and 1V, are the Zenizh, or Point juft
over our Head; and the Nadir or the Point
juft under our Feet, which may be properly
called the two Poles of the Horizon, for
thc}' are 90 Degreesdiftant from it every way.

'V, VI, VII, and VIII, are the four Cardi-
nal Points of Eﬂﬁ Weft, North and South :

Thele



16 The firft Tﬁﬂap,ﬂ'ﬂ of Se&t. 4.

Thefec 4 Points are in the Horizon which
divide it into 4 equal Parts.

Note, For the Ufes of Navigation, or
Sailing, each of thefe Quarters of the Hea-
vens, Faft, Weft, North and South arc {ub-
divided into eight Points, which are called
Rhbumbs ; fo that there are 32 Rhumbs o
Points in the whole, each containing 117
Degrees. Thefe aré defcribed on the ut-
moft Circle of the Wooden Horizon.

From the NorTH towards the £a/? thefe
Points are named North and by Eaft, North
North-Eaft, North-Eaff and by North,
NortH-EasT ;5 North-Eaff and by Eaft,
Eaft- North-Eaft, Eaft and by North, Easr,
&e¢. Then from the Eaff toward the South
it proceeds much in the fame manner.

The whole Circle of 360 Degrees divi-
ded in this manner is called 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 direct
their Sailing, which they call Steering their
Courfe. See Figure 2.

IX, and 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 fhew the Sun’s Place the long-
elt and thorteflt Days, (v7z.) the 11 of fune
and the 11 of December.

L Note,
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Note, Thefe two Days are called the
Summer and Winter Solffices, becaufe the
Sun fecems to ftand ftill, z. e. to make the
Length of Days neither increafe nor decreafe
fenfibly for 20 Days together.

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

Thefe four Points, (viz.) two Equinottial
and two Solfticial, divide the Ecliptick into
the four Quarters of the 1ear.

Here let it be noted, that the twelve Coz-
Jtellations or Signs in the Heavens obtained
their Names about two thoufand Years ago
or mores and at that Time the Stars that
make up Aries or the Ram were in the
Place where the Ecliptick afcending cuts
the Equator; but now the Conftellation
Aries is moved upward toward the Place of
Cancer ncar thirty Degrees; and fo every
Contftellation is moved forward in the Eclip-
tick from the Weft toward the Eaft near
thirty Degrees: {o that the Conftellation or
Stars that make up the Sign Pifees are now
in the Place where Aries was, or where the

Ecliprick
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Ecliptick cuts the Equator in the Spring :
And the Contftellation Virgo is now where
Libra was, or where the Ecliptick cuts the
Equator in Autumn. So Geminz is in the
Summer Solftice where €ancer was; and
Sagittarius in the Winter Solftice where
Capricorn Was: And by this means the Sun
is got into the Equinoxes in Pijces and Virgo,
and is arrived at the Solftices in Gemini and
Sagittarius. i. e. when 'tisamong thofe Stars.

This is called the Preceffion of the Equi-
70, i. c. of the Equino&ial Signsor Stars ; and
forne callit the Retroceffion of the Equinox,
i. e. of the two Equinoctial Points. This
comes to pafs by fome {mall variation of the
Situation of the Axis of the Earth with re-
card to the Axis of the Ecliptick, round
which it moves by a Conical Mortion, and
advances so Seconds or almoft a Minute
of a Degrec every Ycar, which amounts to
one whole Degree in 72 Years, and will
fulfil a complete Revolution in 25920 Years.
This Period fome have called the Platon:-
cal Tear, when fome of the Ancients fan-
cy’d all things fhould return into the fame
State in which they now are.

Yet we call thefe Equinottial and Solff:-
cial Points and all the Parts of the Ecliptick
by the fame antient Names ftill in Aftro-
nomy, and mark them ftill with the fame
Chara&ers (viz.) V', &, I, &, 8, &¢. tho’

the
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the Conflellations themfelves feem to be
removed o much forward.

XIII and 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 Axis thruft through the
Centre of the Globe juft at right Angles
with the Plane of the Ecliptick, its Ends or
Poles would be found in the 2 Polar Circles.
So that a quarter of a Circle or 90 Degrees
numbred direttly or perpendicularly from
the Ecliptick Line fhew the Poles of the
Ecliptick, and fix thefe two Points thro’
which the Polar Circles are drawn.

"T'is ufual alfo in Books of this kind to
mention two great Circles called Colures
drawn fometimes on the Celeftial Globe
through the Poles of the World, one of
which cutting the Ecliptick in the two Solfti-
cial Points is called the So/ficial Colure;
the other cutting it in the Equino&ial Points
is called the Egquinoiiial Colure, but they
are not of much ufc for any common Pur-
pofes or Pradtices that relate to the Globe.

I think it may not be amifs before
we proceed farther to let the Learner fee a
Reprefentation of all the foregoing Cir-
cles and ‘Points on the Globe juft as they -
ftand in our Horizon at London, and fo far
as they can be reprefented on a flat Surface,
and in ftrait Lincs.

C Let
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Let the North Pole be raifed above the
North part of the Horizon sij; Degrees
which are numbred on the brazen Meridi-
an, then let the Globe be placed at fuch a
diftance as to make the Convexity infenfi-
ble, and appear as a flat or planc Surface, and
let the Eye of the Speéator be juft level
and oppofite to ¢, which reprefents the
Eaft Point of the Horizon; then the Globe
and the Circles on it will appear ncarly as
reprefented in Figure 1IL

The large Circle divided by cvery s De-
orces reprefents the Meridian, the reft of
the larger and the leffer Circles are there
named, together with the Norsh and South
Poles. 7. is the Zenith of London, Nthe Na-
dir, H the South Point of the Horizon, O
the North Point, Cthe Eaft and IVeft ‘Points,
S the Swmmer Solftice, W the Winter Sol-
ftice, a the Ecliptick’s North Pole, e the E-
cliptick's SouthPole. The two Equinoctial
Points are reprefented by C, fuppoling one
to be on this Side, t'other on the oppofite
Side of the Globe.

If you would have the two Colures repre-
{ented here in this Figure, you muft {fuppofe
the Meridian to be the So/fticial Colure, and
the Axis of the World to reprefent the
Equinottial Colure.

Note, This Reprefentation or Projection
ef the Sphere in ftrait Lines is ufually cal-

| led
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led the Analemina. See how to projeét it

or to erect this Scheme Sed?. XX, Probl. XV.
Fig. XXIIL

< L el R

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 feveral Points
and Circles, which have been defcribed.

Firf?, 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 onc of the Canary-Iflands has been
ufually agreed upon by Geographers as a
firjt Meridian, from which the reft are coun-
ted by the number of Degrees on the Egua-
tor. Others have placed their firff Meridian
in Zenarsff another of the Canary 1flands,
which is two Degrees more to the Eaft, but
all this is matter of Choice and Cuftom,
not of Neceflity.

The Longitude of a Place is its Diftance
fromthe firft Meridian toward the Eaft mea-

C 2 Sfured
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fured by the ‘Degrees upon the Equator. So
the Longitude of London is about 20 De-
grees, counting the firt Meridian ac Fero.

Note, in Englifh Globes or Maps fome-
times the Longitude is computed from the
Mcridian of London, in Fremch Maps from -
Paris, ¢rc. for it being purely arbitrary
where to fix a firft Meridian, Mariners and
Map-makers determine this according to
their Inclination. When only the Word
Longitude is mentioned in general, it al-
ways means the Diftance eaftward; but fome-
times we mention the Longitude weffward
as well as eaffward, i. e. from London, or
Paris, &c. cfpecially in Maps of particular
Countries.

By the Meridian Circles on a2 Map or
Globe the Eyc is direfted to the true Longi-
tude of any Place according to the Degrees
marked on the Equator: And upon this Ac-
count the Meridians are fomerimes called
Lines of Longitude.

The Latitude of a ‘Place is its ‘Diflance
from the Equator toward the North or South
Pole meafured by the Degrees on the Me-
ridian. So the Latitude of London is st
Degrees 32 Minutes, that is, about sr1i.

A Place is faid to have North Latitude
ot South Latitude according as it lyes to-
ward the North Pole or South Polc in its
diftance from the Equator. So London has
s1% Degrees of North Latitude. The
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The Elevation of the Pole in any par-
ticular Place is the Diflance of the ‘Pole a-
bove the Horizon of that ‘Place meafired by
the ‘Degrees on the Meridian, and is exadt-
ly equal to the Latitude of that Place:
For the Pole of the World or of the Equa-
tor is jult fo far diftant from the Horizon
as the Zenith of the Place (which is the Pole
of the Horizon) is diftant from the Egqua-
tor. For which Reafon the Latitude of the
Place or the Elevation of the Pole arc ufed
promifcuoufly for the fame thing.

The truth of this Obfervation, (vzz.) that
the Latitude of the Place and the Poles E-
levation are equal, may be proved feveral
Ways ; I'll mention but thefe two. Sece
Figure 1V.

Let H CO be the Horizon, Z the Zenith,
or the Point over Londen, EZ the Lati-
tude of Londom 513, PO the Elevation of
the North Pole above the Horizon. Now
that EZ is equal to PO is proved thus.

“Demonftration 1. ' The Arch ZP added
to EZ makes a Quadrant, (for the Pole is
always at 9o Degrees diftance from the Equa.
tor) And the Arch ZP added to P O makes
a Quadrant, (for the Zensth is always at
9o Degrees Diftance from the Horizon.)
Now if the Arch Z P added citherto EZ or
to P O completes a Quadrant, then EZ muft
be equal to PO.

e 3 '@E"_
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Demonftration 1. The Latitude E Z muft
be the fame with the Poles Elevation P O :
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 E CP, they complete a Quadrant,
or include 9o Degrées: Then if you take
the Quadrant ECP out of the Semicircle,
there remains P O the elevated Pole, and EH
the Complement of the Latitude, which
complete another Quadrant. Now if the
Complement of the Latitude added to the E-
levation of the Pole will make a Quadrant,
then the Complement of the Latitude is
cqual 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.
As every Place is fuppofed to have its
proper Meridian or Line of Longitude, ¥o
every Place has its proper Line of Latitude

* Note, The Complement of any Arch or Angle under go De-
arees denotes fuch a Number of Degrees as is fuflicient to make
up go; as the Complement of 5o Degrees is 40 Degrees, and
the Complement of 515 Degrees is 385 Degrees. And fo the
Complement of the Sine or Tangent of any Arch is called the
Co-fine, or Co-tangent : So allo in Altronomy and Geography
we ufe the Words Colatitude, Coaltitude, Codeclination, £¢.
for the Complement of the Latitude, Altitude, or Declinati-
on, of which Words there will be more frequent ufe among
the Preblems.

which



Se&t. s. Geography and Aftronomy. 23

which isa parallel to the Equator. By thefe
Parallels the Eye is directed to the Degree
of the Latitude of the ‘Place marked on the
Meridian, 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 Paralle! of La-
titude crols each other, is the Place enqui-
red. So if you feek the Longitude from
Fero 20 Degrees, and the Latitude §13 De-
grees, they will thew the Point where Lon-
don f{tands.

The Parallels of Latitude drawn at fuch
Diftances from cach other nearer and near-
er to the Poles as determine the Days and
Nights of the Inhabitants to be half an Hour
longer or fhorter, include fo many diftinct
Climates, which are proportionably hotter
or colder according to their Diftance from
the Equator. Thoughit muft be own’d that
we generally ufe the Word Climate in a
more indeterminate Senfe,to {ignify a Coun-
try lying mearer or farther from the Equa-
tor, and confequently botter or colder, with-
out the precife Idea of its longeft Day be-
ing jut half an Hour fhorter or longer
than in the next Country to it.

The Latitude is never counted beyond
90 Degrees, becaufe that is the Diftance

C 4 from
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from the Equator to the Pole: The Lon-
gitude arifcs to any Number of Degrees un-
der 360, becaule it is counted all round the
Globe.

If you travel never {o far direétly towards
Eaft or Weft your Latitude is ftill the fame,
but Longitude alters. 1f dirc&tly toward
North or South, your Longitude is the fame,
but' Latitude alters. If you go obliquely,
then you change both your fﬂ?xgémde and
Latitude.

The Latitude of a Place, or the Eleva-
tion of the ‘Pole above the Horizon of that
Place, regardsonly the diffance Northward
or Southward, and is very cafy to be deter-
- min’d by the Sun or Stars with certainty, as
Secte XX. Prob. VII, and IX. becaufe, when
they arc upon the Meridian they keep a re-
gular and known diftance from the Hori-
zon, as well as obferve their certain ‘and re-
gular Diftances from the Eguator, and from
the two “Poles, as thall be thewn hereafter :
So that cither by the Sun or Stars (when you
travel Northward or Southward) it may be
fcund precifely how much your Latitude
alrers.

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 IWeftward by the Sun or Stars,
becaufe they are always moving round from

Eaft to Wit The
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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 #eff toward the
Eaf?, fuppofling you know the Longitude
of the Place whence you fet out.

5 BaG P, WL

Of Right Afcenfion, “Declination, and Hour
Circles.

Aving confider’d what refpeét the parts

of the Earth bear to thefe artificial
Lines on the Globe, we come Secondly to
{urvey the feveral Relations that the parts
of the Heavens, the Sun or the Stars, bear
to thefe feveral imaginary Points and arti-
ficial Lines or Circles.

The Right Afcenfion of the Sun or any
Star is its diftance 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
Earthly Globe.

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

Meri-
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Meridian which pafles thro’ the Town or
City required; or it is reckon’d on the hea-
venly Globe from that Meridian which
pafles thro’ the Sum'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 15
Decgrees 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 it proceeds to z24.
So the Sun’s Right Aftenfion the 10 of
May is 59 Degrees, or as fometimes ’tis
called, 3 Hours and s6 Minutes.

The fame Lines which are called Liznes
of Longitude or Meridians on the Earth are
called Hour Circles on the heavenly Globe,
if they be drawn thro’ 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, fo
15 Minutes of a Degree make one Minute
in Time, and one whole Degree makes four
Minutes in Time.

Note, Degrees ate marked {ometimes
with (%) or with a {mall Circle (o), Minutes of

Degrees
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Degrees with a dath (), Seconds of Minutes
with a double dath ("), Hours with (b), M;-
nutes of Hours fometimes with (™) and fome-
times a dafh: Seconds with a double dath.

By thefe Meridians or Hour- Lines crofling
the Equator on the heavenly Globe, the
Eye is direGted to the true Howr, 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 thetrue Hour given
at any 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 {o com-
modioufly refolved by thele few Meridians
or Hour- Lines, becaufe every Place on the
Earth has its proper Meridian where the Sun
is at 12 a Clock, therefore there is a brafs
Dial plate fixed at the North-pole in the
Globe, whofe 24 Hours do exaltly an-
{wer the 24 Hour Circles which might be
drawn on the Globe: Now the “Dza/ being
fixed, and the Poznter being moveable, this
an{wers all the Purpofes of having an infinite
Number of Hour Circles drawn on the
Globe, and fitted to every fpot on the Hea-
vens or the Earth. For the Posmter or In-

dex
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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 Globe moving
round with the Index naturally reprefents,
and fhews by the Dial-plate the 24 Hours
of any Day in the Yecar, or in any parti-
cular Town or City.

Note, Theupper 12 a Clock is the Hour
of Noon, the lower 12 is the Midnight
Hour, when the Globe is fixed for any par-
ticular Latitude where there are Days and
Nights,

The Declination of the Sun or Stars is
their Diftance from the Equator toward the
North or South Pole, meafured on the Me-
ridian ; and ’tis the fame thing with L at:-
tude on the Earthly Globe. |

Note, The Sun in the vernal and au-
tumnal 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 of
Latitude on the Earthly Globe. In the
Heavens they may be fuppofed to be drawn
thro’ cach Degree of the Meridian, and thus
fhew the Declination of all the Stars; or
they may be drawn thro” every Degree of
the FEcliptick, and thus reprefent the Suw's
Path every Day in the Year. Thefe parallel
Lines alfo would lead the Eye to the De-

gree
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orce of the Sun’s or any particular Star’s De-
clination marked on the Meridian.

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

Obferve here, that as any Place, Town,
or Czty on Earth is found and determin’d by
the Parallel of its 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 crofies its Meridian or Line
of Right Afcenfion ; which indeed are but
the felf fame things on both the Globes,
tho Aftronomers have happen’d to give
them different Names.

Note, The Sun’s wutmoft Declination
Northward in our Summer is but 23% De-
grees ;5 and ’tis jult fo much Sonthward in
our Winter; for then he returns again:
There the Tropics are placed which defcribe
the Path of the Sun when fartheft from the
Equator, at Mid{fummer, or Midwinter :
Thefe two Tropics arc his Parallels of ‘De-
clination on the longeft and fhorteft Day.

While the Sun gains 9o Degrees on the
Ecliptick, (which is an oblique Circle) in a
quarter of a Year, it gains but 23% Degrees
of dire& Diftance from the Eguator mea-
furd on the Merzdian; this appears evident

3 on
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on the Globe, and may be reprefented thus
in Fig. V.

Lect the Semicircle Y P £ be the Meri-
dian of the Northern Hemifphere, the Line
YT C X be the Equator, or the Sun’s Path
at Aries and Libra, the Arch Y & ¥ the
Ecliptick, the Line T 95 O the Summer Tro-
pic, the Line z¢ the Sun’s Path when itenters
Gemint and Leo, the Line #s the Sun’s Path
when it enters Taurus and Pirgo: Then it will
appear that in moving from Y* to &,the Sun
gains 30 Deg. in the Ec/iptick in about 302
Days, and at the fame time 12 Deg. of De-
clination, viz. from Y to #. Then mov-
ing from ¢S to II in 30: Days more it gains
30 Deg. on the Ecliptick, and 8% Deg,
of ‘Declination, viz. from # to 2. Then
again from J[ to % in 30f Days more it
gains 30 Deg. on the Ec/jptick, and but 3:
Deg. of Declination, viz. from ato T. 1
might alfo thew the fame difference between
its Declination and its Motion on the Eclip-
tick in its Defcent from & to §, 1P, and £%.

By drawing another Scheme of the fame
kind below the Line ¥ C £, we might
reprefent the Sun’s Defcent toward the Win-
ter Solftice, and its return again to the
Spring; and thereby fhew the {ame differen-
ces between the Suw's “Declination and its
Motion on the Ecliptick in the Winter half-
year as the prefent Scheme fhews in the
Summer half-year, | Here-



Se&. 7.  Geography and Aftronomy. 33

Hereby it is evident how it comes to pafs,
that the Sun’s Declination alters near half a
Degree every Day juft about the Eguinoxes;
but it fcarce alters fo much in 10 or 12
Days on each fide of the So/fices: And this
fhews the Reafon why the Length of Days
and Nights changes fo faft in Mareh and
September, and fo exceeding flowly in Fune
and December : For according to the In-
creafe of the Sun’s Declination in Summer,
its Semidiurnal Arc * will be larger, and
confequently it muft be {fo much longer be-
fore it comes to its full Hezght at Noon,
and it ftays {o much longer above the Hori-
zZon before it fets,

Thus while the Sun’s Declination increafes
or decreales by flow degrees, the Length of
the ‘Days muft increafe and decreafc buc
very flowly; and when the Sun's Declina-
tion increafes and decreafes fwiftly, fo alfo
muft the Length of the Days: All which
are very naturally and eafily reprefented by
the Globe,

S EE€ T Vi
Of Longitude and Latitude on the Heaven-

ly Globe, and of the Nodes and Eclipfes
of the Planets.

‘ I "HE Longitude and Latitude in Aftro.

niomy are quite different things from

g fl"ht_- D’.""’_“ff Are is that part of the Circle or Paralle] of
D eclination which is above the Horizen; and the half of that
part 1s call'd the Semidiurnal Are.

3 Lon-
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Longitudeand Latitude in Geography, which
isrcady to create fome Confufion to Learners.

The Longitude of the Sun or any Star
is its Diftance from the Point Aries eaft-
ward, meafiurd on the Ecliptick. This is a
fhort way of defcribing it, and agrees per-
fectly to the Sun: But in Truth a Star’s Lon-
gitude is its Diftance eaftward from a great
Arch drawn perpendicular to the Ecliptick
thro the Point Aries, and meafird on the
Ecliptick.

We donot (o ufually talk of the Suw’s Lon-
Zitude, becaufe we call it bis Place in the
Licliptick, reckoning it no farther backward
than from the beginning of the Sign in
which heis.  So the 24" Day of Fune, we
{ay the Sun is in the 14% Deg. of Cancer,
and not in the 104 Deg. of Longitude.

The Latitude of a Star or Planet is its
Diftance from the Ecliptick, meafurd by an
Arch, drawn thro' that Star perpendicular
to the Ecliptick.

Longitude and Latitude on the Heavenly
Globe bear exactly the {fame Relation to the
Ecliptick as they do on the Earthly Globe
to the Eguator.  As the Eguator is the Line
from which the Latitude is counted, and
on which the Lomgitude is counted on the
Earthly Globe, fo the Ec/iptick is the Line
from which the Latitude, and on which the
Longitude are counted on the Heavenly
Globe. \ And
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And thus the Lines of Latstude 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 meetin the
Poles of the Er&prsz bearing the fame Re-
lation to it as on the Earthly Globe they do
to the Equator.

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

The Sun has no Latitude, becaufe it is
always in the Ec/iptick. This Relation of
Latitude therefore chiefly concerns the Pla-
nets and the Stars.

The fixt Stars as well as the Planets have
their various Longitudes and Latitudes ; and
their particular Place in the Heavens may
be aflign’d and determin’d thereby, as well
as by thmr Right Afcenfion and Declination
which I mention’d befores and Afronomers
ufe this Method to fix exaétly the Place of a
§tar*. But I think it is cafier for a Learn-
cr to find a Star's Place by its “Declination,
and Right Afcenfion; and the common Af-
tronomical Problems [eem to be folv'd more
naturally and eafily by this Method.

. ——

* Aftronomers know that not only the 12 Conftellations of
the Zodiac, but alfo all 1:|:1C ﬁx’a‘ Stars move from the Weil to-
ward the Ealt about 50" in a Year, or one Degree in 72
Years, in Circles parallel to the Erﬁpnm" Therefore their De-
clination is alitde alter’d in 72 Years time, that being mea-
fur'd from the Eguator : But Lhmr Latitude never alters, that
being mealured from the Ecliptick: And upon this Account
Aftronomers ufe the Latitude rather than the Deciination in
their Meafures, becaufe it abides the fame for ever,

D It
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It may be here mentioned (tho ’tis before
its proper place, that the {everal Planets, viz.
Saturn, fupiter, Mars, Venus, Mercury,
and the Mopon make their Revolutions at
very different Diftances from the Earth, from
the Sun, and from one another ; each having
its diftin& Orbit or Path nearer or farther
from us. And as each of their Orbits is ac
vaftly different Diftances, fo ncither are they
perfe&tly parallel to one another, nor to
the Ecliptick or yearly Path of the Sun.

Thence it follows that thefle Planets have
fome more, {ome lefs Latitude, becanfe
their Orbits or Paths differ fome few Degrees
from the Sun’s Path, and interfe&t or crofs
the Ecliptick, at two oppofite Points in cer-
tain fmall Angles of two, three, four or
five Degrees, which Points are called the
Nodes.

The Node where any Planet crofles the
Ecliptick afcending to the Northward is
called the ‘Dragor’s Head, and marked thus
3. Where the Planet croffes the Ecliptick
defcending to the Southward, ’tis call'd the
“Dragon's Tail, and marked thus 5.

*Tis very difficult to reprefent the Lat:-
tudeof the Planets in their different Orbits
cither upon a Globe, or upon a flat or plain
Surface ; the beft way thatI know is, to take
two {mall Hoops of different Sizes, asin Fig.
X1 and thruft a ftrait Wyre ¢ ¢ thro’ them

2 both
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both in the two oppolite parts of their Cir~
cumference: Then turn the innermoft Hoop
(which may reprefentthe Parh of the Moon)
fo far aflide or obliquely asto make an Angle
of 5% Degrees with the outermoft Hoop,
(which reprefents the Suw's Path.) Thus
the two Points ¢ and ¢ or §Q and 2§ where
the Wire joins the Heops, arethe two Nodes
or the Points of Interfe&ion.

This Difference of Oréits of the Planets
and their Interfeétions or Nodes, may bere-
prefented alfo by two circular pieces of Paft-
board as in Fig. XII. When the lefs (whofe
cdge reprefents the Moon’s Orbit) is put half
way thro’ a {lic 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 s& Degrees. Thus
the two Nodes will be reprefented by A
and D.

If the Moon's Path and the San’s were pre-
cifely the fame, or parallel Circles in the
fame Plane, then at every New Moon the
Sun would be cclipfed 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
Ei Zzpﬁ: but in or near the place where the

| Plancs
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Planes of their Orbits or Paths interfe&t or
crofs cach 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 cach
other, and caufe an Eclipfe cither 7otal or
partial: And for thefe Reafons the Orbit ox
Path of the Sun is called the Ec/ptick.

The Eclipfes of other Planets, or of any
part of the Sun by their Interpofition, arefo
very inconfiderablc as deferve not our pre-
{fent Notice.

SCEC T -VIIE

Of Altitude, Azimuth, Amplitude, and
“warious Riftngs and Settings of the Sun
and Stars.

HE Altitude of the Sun or Star is its

Height aboue the Horizon, meafur'd
by the ‘Degrees on the Quadrant of Alfi-
Zudes.

As the Height of the Sun at Noon iscalled
its Merzdian Altitude, or its Culminating, {o
the Height of the Sun in the Eaft or ﬁ’cﬁ
is fometimes call’d its Pertical Altitude.

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
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the Altitude of any Star or Point in the
Heavens, becaufe the Label is divided into
9o Deg. counting from the Horizon upward.

Circles parallel to the Horizon, {uppofed
to be drawn round the Globe, thro” every
Degree of the Quadrant of Altitudes lefs
and le(s till they come to a Point in the
Zenith, arc called Parallels of Altitude, or
fometimes in the old Arabick name, Almi-
cantars. But thefe can never be attually
drawn on the Globe, becaufe the Horizon
and Zenith arc 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, the ftrait
Lines @b, fg, km, 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 fet,
by the fame Degrees by which it afcended
from the Horizon after its rifing. Stars and
Planets rZfe and féf, 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 fignific
the Height of the Sun or Star above the Ho-
rizon, (o the Depreffion of the Sun or Star is
its Diftance from or below the Horizon.

D ; The
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 The Azimuth of the Sun or Star is its
Diftance from any of the four Cardinal Points,
Eaft, Weft, North and South, wmeafur'd by
the Degrees on the Horizon.

Note, When we fpeak of the Sun's Azi-
muth in general, we ufually mean his Dif-
tance fromthe South: But when his Diftance
from the North, Eaft, or Weft is intended,
we fay, his Azimuth from the North, the
Eaft, or the Weft.

Great Circles cutting every Degree of the
Horizon at Right Angles, and meeting in
the Zenith and Nadir are call'd Azimuthal
ot Vertical Circles. They direct 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 beclow 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 Cir-
¢les can never be altually drawn on a Globe,
becaufle the Zenith, Nadir, and Horizon
are ever variable. See them reprefented
Fig. VI. by theLines ZHN, Z 2N, Ze N,
¢re. fuppofing HR to be the Horizon.

Note, The Quadrant of Altitudes being
movcable 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 Cir-
cle, in which the Sun or Star is; and thus
it fhews the Degree of its Azimuth on the
Horizon.
- Note, The Azimuth of the Sun or Star
from the Eaff or /Veff 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 a Clock, and in the North at
Midnight, viz. in Europe and all Places on
this fide of the Equator. But ’tis not atthe
Eaft or Weft at fix a Clock any other Day
in the Year befides the two Equinottial Days,
as will eafily appear in an obligue Pofition
of the Sphere, (of which fee the nextSeétion)
and efpecially in the laft Se&ion where the
Analemma {hall be more fully defcribed.
Yet the Relation which the Parallels o
Altitude bear to the VPertical Circles, and
which thefle Vertical or Azimuthal Circles
bear to the Meridians or Hour-Circles may
be reprefented to the Eye in Fig. VI, and VIL
In Fzz. V1. Suppofe the outermoft Circle
be the Meridian, H R the Horizon, Z the
Zenith, N the Nadir; then 44, f g, k m
will be Parallels of Altitude: and Z a N,
ZeN, ZoN, Z CN, &¢c. will be vertical
Circles, or Circles of Azimuth crofling the
others at Right Angles.
Thus Z CN is the vertical Circle of Eaft
D 4 | or
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or Weft, And in this Scheme s 2 or fH
will be the Arc of the Altitude of the Star
s, and H ¢ will be its Azéimuth from the
Meridian; and C ¢ 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,
fg, &e. will be Parellels of Latitude on
Earth, or Parallels of “‘Declination in the Hea-
vens. Then alfo the Arches Z HN, Z 2 N,
ZeN, ZoN, Z CN, will be Meridians, or
Lines of Longitude on Earth, and Hour Cir-
¢cles in the Heavens,

In Figure VII. Let the outmoft Circle be
the Meridian, H R the Horizon, Z the Ze-
nith, N the Nadir, E Q the Equator, P L
the Axis of the World, or rather the two
Poles, North and South; then Z H N,
ZaN, ZeN, ZCN will be Circles of A-
zimiuth: PEL, PoL, PuL, P CL, cbe. will
be Hour Circles.

And in this Pofition the Star s will have
T s,2. e. equalto Eofor its Hour from Noon
or the Meridian; but its Azimuth from Noon
or the South or Meridian will be He. Or
if you reckon its Azimuth from the Eaft or
Weft Vertical (which is Z CN) it will be
found to be Ce, while its Hour reckoned
from P 6 CL (whichisthe Six a Clock Hour
Line) will b¢ foundtobe 6 s or Co,

) a2 Thus
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Thus it will appear how the FHoxr of the
Sun differs from its Azzmuth, and that both
of them are number'd, or counted from the
Meridian PZEHLN ;5 yet they do not by
any means keep equal Pace with one ano-
ther, one being number'd along the £gua-
tor E Q, the other number'd along the Ho-
rizon HR.

Thus you fce moft evidently that if you
fuppofe the Sun s* to be in the Tropic of
Cancer reprefented by the Line T 93, the
difference between the Hour and Azimuth
will appear to be very great; and rthat the
Sun’s Azimuth from Noon He increafes a
great deal fafter than his Howur T s doth in
the middle of Summer. And if another Line
K W were drawn to reprefent the Tropic of
Capricorn, the Sun’s Azimuth from Noon
will appear to increafe a great deal {lower
than his Hours do in the middle of Winter.

I think it fhould not utterly be omitted
here what is mentioned in almoft all Writ-
ings of this kind, (vzz.) that a Star is faid
to rife or fet Coftmically when it rifes or fets
at Sun-fetting.

"Tis faid to rife or fet Achronically if it
rife or fet at Sum-ferting.

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

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

The fixt Stars and the three Superior Pla-
nets Mars, Fupiter, and Saturn rife Helia-
cally in the Morning, but the Moon in the
Evening; for tis in the Evening the New
Moon firft appears, coming from her Con-
junétion with the Sun. |

Note, This fort of Rifing and Setting of
the Stars is alfo called ‘Poetical ;5 becaufe
the Ancient Poets frequently mention it.

B Eol) TaolX

Of the Inhabitants of the Earth according
to the Pofitions of the Sphere, the Zones,
&ec.

N order to make the Doctrine of the

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

Firft, Let us confider them according to
the various Pafitions of the Globe or Sphere,
which are cither Direit, Parallel, oxr Oblique.

Thefe three Pofitions of the Sphere are
reprefented in Figure VIII, IX, X, in each

| of
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of which the out moft Circle is the Meridian,
HR is the Horizon, E Q the Egquator, %
V§ the Ecliptick, SN the Axis of the World,
N the North Pole, S the South, Z D the
Vertical Circle of Eaft and Weft, Z the Ze-
nith, D the Nadir, & A the Tropic of Can-
cer, C W the Tropic of Capricorn. The va-
rious Pofition of thefe Lines or Circles will
appear by the following Defcriptions.

L A Direit or Right Sphere Fig. VIIL is
when the Poles of the World are in the
Horizon, and the Eguator pafles through
the Zenith: This is the Cafe of thole who
live dire&tly under the Linz or Egquator.

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

All the Stars do once in twenty four Hours
rife and fet with them, and all at right An-
gles with the Horizon.

The Sun alfo, in whatfoever Parallel of
Declination he is, rifes and fets at right
Angles with the Horizon; their Days and
Nights therefore are always equal, becaufe
the Horizon cxaltly cuts the Sun’s Diurnal
Circle in Halves.

They have two Summers every Year, (viz.)
when the Sun is in or near the two Equi-
noctial ‘Points, for then he is juft over their

Hcads at Noon and darts hisftrongeft Beams.
And
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And they have two Winters, (v7z.) when
the Sun is in or near the Tropics of Cancer
and Caprzcorn ; for then the Sun is fartheft
diftant from them, though even then it is
nearer than 'tis to us in England at Midfum-
mer.

1. A Parallel Sphere, Fig. 1X. is where
the Poles of the World are in the Zenith
and Nadir: And the Equator is in the Ho-
riZ0m.

Now if there were any Inhabitants thus
direétly 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 asthe Sun ison this or the
other Side of the Eguator ; for the Sun mo-
ving flowly in'the Ecliptick onthe North fide
of the Egquator half a Year, would be all that
time above the Horizon to the Inhabitants at
the North Pole, though it went round them
daily : And the Sun moving in the Ecliptick
on the South fide of the Eguator half aYear,
would be below their Horizon all that Time.
The fame might be faid concerning the In-
habitants of the Souzh Pole.

The two Equinoéial Days, or when the
Sun is in the Points Arzes, or Libra, the
Day and Night are equal all the World
over; andthisistruein a Senfe to thofe who
live under the Poles; for the Centre of the
Sun is in their Horizon, Thus half the Sun

2 is
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is above their Horizon, and half below it
for 24 Hours together.

Thus, though the Polar Inhabitants begin
to lofe theSun at the Autamnal Equinox,
they are not in utter Darknefs all the Time
of the Sun’s Abfence : For the Twilight lafts
till the Sunis 18 Degreesbelow their Hori-
=on, and thatistill he has 18 Degrees of De-
¢lination. The Inhabitants of the North Pole
arc therefore without the Twilight only from
the 24 of November till the 18t of Fanuary.

Let it be noted alfo that the Refraition
of the Rays through the thick Air or A¢-
miofphere makes the Sun appear above their
Horizon f{everal Days f{ooner, and difap-
pear feveral Days later, than otherwife
it would do. It may be added in favour of
their Habitation too, that the Mooz when
fhe is brighteft, (vzz.) from the firft Quarter
to the laft, does not fet during their middle
of Winter: For in that Part of her Month
fhe is moft oppofite to the Sun, and is there-
forc in that Part of the Heavens which ismoft
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 Horzzon ; and are the fame with the Pa-
rallels of his Altitude, and therefore his
higheft Altitude with them can never ex-
cced 232 Degrees.

The Stars that they could fee would be

: always
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always the fame, making perpetual Revo-
lutions 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, Fupiter 6,
Mars 1, &re. '

1. An Oblique Sphere, Fig. X. is where
the Latitude or Elevation of the Pole is at
any Number of Degreces lefs than 9o. There-
fore all the Inhabitants of the Earth (except
under the Egquator and the Poles,) have an
Oblique Sphere.

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

As onc Pole of the World is always in
“their View, and the other is never feen, fo
there are fome Stars which never fet, and
others which never rife in their Horizon.

Their Days and Nights are of very diffe-
rent Lenghts according to the different De-
clination of the Sun in the feveral Seafons
of the Year.

In this Obligue Pofition of the Sphere
Aftronomers fometimes talk of the Oblzque
Afeenfion of the Sun or Stars; and in order
to obrain 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 Aries, mea-
fured on the Equator. Or
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Or it may be expreft thus: The Right
Afcenfion is that Degree of the Eguator
which comes to the Meridian together with
the Sun or Star, confider'd in its diftance
from the point Arzes.

But the Oblique Afcenfion is that Degree
of the FEguator which in an oblique Sphere
rifes together with the Sun or Srar confi-
der'd in its Diftance from the Point Arzes.

Note, That in a Right or Direit Sphere
all the heavenly Bodies can only have Righs
Afcenfion, and no Oblique Aftenfion; becaufe
the fame Point or Degree of the Eguator
that rzfes with them comes alfo to the Me-
ridian with them : But in an Qbligue Sphere
therc is fometimes a great deal of Difference
between the Point that rifes with them and
the point that comes with them to the Me-
ridian.

Now the Difference between the Right
Afcenfion of the Sun or Star, and its Ob-
ligue Afcenfion is called the 4/cenfional ‘Dif-
ference.

Note, Concerning the Stars in the Egua-
tor, that their Right and Oblique Afcenfion
arc equal: Therefore the Sun in the Equi-
noxes rifing at 6 and fetting at 6 has no /-
cenfional ‘Difference: But as he goesonward
from the Equator toward the Winter Solftice,
he rifes after 6; and as he goes toward the
Summer he rifes before 65 and the Dzffance

of
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of his rifing or fetting from 6 a Clock is called
the Afcenfional Difference.

And perhaps’tis {uthcient as well as much
calicr for a Learner to remember that the
Time of the Sun or Star’s rifing or fetting
before or after 6 a Clock is called by Aftro-
nomers the Afcenfional ‘Difference without
taking any Notice at all of the Obligue Af-
cenfion, which is neither fo eafy to be ap-
prehended or remembred.

The Second Diftin&ion of the Inhabitants
of the Earth may be made according tothe
five Zomes, 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
ZLorrid or hot.

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

The two Frigid or cold Zones are thefe
Spaces which are included within the two
“Polar Circles, with the Pole in the Centre,
at great Diftance from the Sun, f{carcely ha-
bitable by Rcafon of the Cold. There lies

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

The two temperate Zones arc thole Spaces
that lye on cither fide of the Globe between
the Tropzes and the Polar Circles, where the
Sun gives a moderate Heat, and make thofe
parts moft convenient for the Habiration of
Men. All Eurape, and the greateft part of
Afia, and North Americalic in the North
temperate Zone. '

Note, That the Torrid Zonelying between
the rwo Tropics, every Place in it has the
Sun in the Zenith, or exattly over their
Heads once or twice in cvery Year,

Thofe who live under the Zropic of Can-
cer have their Winter when the Sun is in
Capricorn. Thofe who live under the T7o-
p#c of Capricorn have their Winter when the
Sun is in Cancer. Thofe who live under
the Equartor have (as I faid before) two Win-
tcrs in the Year; tho’ indeed there is fcarce
any Scafon can be called #znter within the
Limits of the Torrid Zone.

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

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

What is {aid concerning the Lofs of Light
a whole Day or Week or Month at Winter
in cither 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 Southern.

Thus as you go farther Northward ot
Southward the Continuance of the Sun
above the Horizon grows longer in their
Summmer ; 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 cither of Day or of Night together;
but when the Sun is in the EZquator, all
Days and Nights are equal : Afterwards their
Days gradually increafe till their longeft Day
in Summer, and gradually decreafe till their
thorteft Day in Winter: Tho’ thofé who live
on the Borders of the Polar Circles or the
Frigid Zones have their 11" of “fume or
longeft Day in Summer near 24 Hours; and

their
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their 11 of December or thortelt 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
alfo be divided into three fortsin refpect of
their Geographical Relation to one another,
and they are called the Periwet, the Antwc:
and Antipodes.

I. The Periwe: 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
fame times with one another, but Day and
Night jult at comtrary times. Note, thofe
who live under the Poles have no Periwes.

II. The Antwes live under the fame Merz-
dian or line of Longitude, and havethe fame
‘Degree of Latitude too, but on comtrary
fides of the Eguator, onc to the North, the
other the South. Thefe have ‘Day and Night
cxattly at the fame time, but Summer
and /Winter contrary to each other. Note,
thofe who live under the Agwuator have no
Antec.

1. The Antipodes have (as I may fo ex-
prefs it) the Properties of the Antecs and Pe-
riees jown'd together, for they live on contra-
ry fides of the Equator, tho’ in the fame La-
titude or Diftance from it; and their MMer:-

E 2 dian
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dian or Line of Longitude is 180 Degrees
or half the Globe different. A Line pafling
thro’ the Centre of the Earth from the Feet
of the one would reach the Feet of the o-
ther. They dwell at the full Diftance of half
the Globe, and have Day and Night, Sum-
mer and WWinter at contrary times.

In cach of the three laft Figures, (viz.)
VIII, IX and X. you may fee thefe Diftinc-
tions of the Earth’s Inhabitants exaltly re-
prefented. % A are Periwcs, {o are C .
But & C ot A W are Antwe:. S V8, or
AC, or NS, or HR, or EQ_are all An-
tipodes to each other.

The Amphifciz, Heterofciz and Afciz,which
are only Greek Names invented to tell how
the Sun cafts the Shadows of the feveral In-
habitants of the World, are not worth our
prefent Notice.

5 ER T,

The Natural ‘Defcription of the Earth and
Waters on the Terreftrial Globe.

HE Earth may be divided into its Na-

tural or its Political Parts. The one

Diftin&ion is made by the God of Nature

who created it: The other by Men who
inhabit it.

The Globe or Surface of Earth on which

we dwell is made up naturally of two Parts,
- Land
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Land and Water 5 and therefore it is called
the Terraqueous Globe. Each of thefe Ele-
ments have their various parts and {ubdivi-
fions, which are as varioufly defcribed on
artificial Globes or Maps.

The Land is called cither an Ifland, a
Continent, a Peninfila, an Ifthmus, a Pro-
montory, ora Coaff. Sce the plain Defcrip-
tion of all thefe Fig. XIIL

An Ifland is a Country or Portion of Land,
compafifed about with Sea or other Water,
as G'reat Britain, Ireland inthe Britifh Seas s
Sicily, Crete, Cyprus, &c. in the Medi-
terranean Seas the Ifles of Wight, of An-
glefey, of Man near Ewngland: There are
alfo Iflands in Rivers.

A Continent properly fo called is a large
Quantity of Land in which many great Coun-
trics are joined together, and not feparated
from each other by the Seca, fuch are Eu-
rope, Afia, Africa. This is fometimes called
the Main- Land.

A Peninfula is a part of Land almoft in-
compafled with Water, or which is almoft
an Ifland: Such is the Morez which joyns to
Greece, fuch is Denmark as joining to Ger-
many, and Taurica Cherfonefus joining to
Little Tartary near Mufcovy; and indeed
:«f;ﬁ-im is but a large Penznfula joining to

1a.

An Ifthmus is a narrow Neck of Land

E 3 be-
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betwceen two Seas joining a Peninfula to the
Continent, as the Ifthmus of “Darzen or Pa-
nama which joins North and South Ameri-
ca: Theltthmus of Corinth which joins the
Morea to Greece: The Ifthmus of Sues which
joins Africa to Afa.

A Promontory is a Hill or Point of Land
ftretcching out into the Sea: It is often
called a Cape, f{uch is the Cape of Good Hope
in the South of Africa; the Land's End
and the Lizzard Point arc two Capes at the
Welt of Emngland, Cape Finifferre on the
Wett of Spain, dre.

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 Coaffing.

That Part of the Land which is far diftant
from the Sea is called the Inland Country :
Thefc arc the Divifions of the Land.

The Water is divided into Rivers or Seas.

A Rzver is a Strcam of Water which has
ufually its Beginning from a {mall Spring
or Fountain, whence it flows continually
without Intermiflion and empties ic felf in-
to fomc Seaz. 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 is a vaft {pread-
ing Collettion of Water, which is not di-

2 vided
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vided and feparated by Lands running be-
tween: Such is the Azlantick ox Wefiern O-
cean between Ewurope and America: The
Eaftern or the Indian Ocean in the Eaft-In-
dies: The Pacifick Ocean or South Sea onthe
Wett fide of America, ¢re.

Note, The various Parts of this Ocean or
Main Sea that border upon the Land arc
called by the Names of the Lands which
lye next to it: Sothe Britifb Sea, the Ir:fh
Sea, the Ethiopian Sea, the French and
Spanifh 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 Sca or Lake in
Afias the Lake Zaire in Africa, (as fome
Maps defcribe) and many others there are in
Europe and America, and efpecially in Swe-
den and Finland, and on the Weft of New
England: Such alfo is the Lake or Sca of
Tiberias in the Land of Caraan, and the
Dead Sea there which we read of in Scrip-
ture.

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

If this be very large ‘tis rather called an
Inland Sea:Such is the Baltick Sca in Sweden,
and the Euxine Sca between Eurgpe and
Afin; the ¢ ZLgean Sca between Greece

E & and
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and Leffer Afia; and the Mediterranean
Sea between Europe and Africa, which is
often in the Old Teftament called the Greaz
Sea.

If it be a lefs Part of the Sea thus almoft
inclofed between Land, then it is more ufual-
ly called a Gulf or Bay: Such is the Gulf
of Venice between Iraly and ‘Dalmatia:
The Arabian Gulf -or the Red Sea between
Afia and Africa: The ‘Perfian Gulf between
Arabia and Perfia: The Gulf or Bay of
Finland in the Baltick Sea; and the Bay
of Biftay between France and Spain.

If it be but a very {imall Part, oras it were
an Arm of the Sea thatruns but a few Miles
between the Land, it is called a Creek, a
Haven, a SMIEM, or a Road for Ships ; as
;’Lffﬁrﬁ Haven in Wales; éﬂﬂfﬁ.ﬁmpm?ﬂ Ha-
ven in Hampfbire, and many more in every
Maritime Country.

A Strait is a narrow Part of the QOcean
lying between two Shores, whereby two Seas
are joined together, as the Sound which is the
Paffage into the Baltick Sea between Den-
wark and Sweden: The Hellefpont and Bof-
phorus which are two Paflages into the Euxine
Sca between Romania and the Leffer Afia:
The Straits of Dover between the Britifh
Channel and the German Seas and the Straits
of Gibraltar between the Atlantick and the
Mediterranean, though the whole Mediter-

2 ranean
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ranean Sea is fometimes called the Straits.

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
vat Tra& of Land as the other is of Wa-
ter. An Ifland incompafled with Water re-
fembles a Lake incompafled with Land. A
Peninfula of Land is like a Guif or Inland
Sea. A Promontory or Cape at Land is like
a Bayor Creekat Seas and an Iflhmus, where-
by two Lands are joined, has the fame Rela-
tion to other Parts of the Earth as a Strast
has to the §ea or Ocean.

Let us now take Notice by what Iigures
the various Parts of Land or Water are de-
fcribed in a Globe or Map, and in what
mannci they are reprefented. See Figure
XIIL

Sea is generally left as an empty Space,
except where there are Rocks, Sands, or
Shelves, Currents of Water or Wind de-
fcribed.

Rocks arc fometimes made like little point«
ed things fticking up fharp 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 lye in
the Ocean by founding or fathoming the
Depths. Currents of Water are defcribed by

{everal



60 The firft Principles of Se&. 10.

{everal long crooked parallel Strokes imita-
ting a Current. The Courfe of Winds is re-
prefented by the Heads of Arrows pointing
to that Coalft toward which the Wind blows.

The Land is divided or diftinguithed from
the Sea by a thick Shadow made of thort
fmall Strokes to reprefent the Shores or
Coaffs, whether of Iflands or Continents,
&e. and it is ufually filled with Names of
Kingdoms, Provinces, Citics, Towns, Moun-
tains, Forefts, Rivers, ¢&¢. which are de-
fcribed in this manner, (viz.)

Kingdoms or Provinces are divided from
onc another by a Row of fingle Points,
and they arc often painted or ftained with dif-
tin& Colours. Citzes or great Towns are
made like little Houfes with a {mall Circle
in the middle of them. Leffer Towns or
Villages arec marked only by fuch a {mall
Circle. Mountarns arc imitated in the
Form of littie rifing Hillocks. Foreffs are
reprefented by a Colledtion of little Trees.
Small Rivers are defcribed by afingle, crook-
ed, waving Lines and larger 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
Water, by feveral parallel crooked Lines.

I fhould add this alfo, That in Terreftrial
Globesyou find the Mariner’s Compafs figur'd

in
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in feveral Parts, and the Lines of it are
drawn out to a great Length toward all
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 Norzh is gencrally deferibed
by a Flower de Luce, and the Eaf? fre-
quently by a Crofs.

Globes are generally fo formed as to
have the North Pole jult ftanding before
the Face: Then the Ea/ff is at the right Hand,
and the /72 atthe Left: And thus ufually
the Names and Words arc written to be
read from the W2 to the Eaff. This is
alfo obferved in large Maps, and it fhould
be the {ame in {mall ones; for when a
Map of a Country is drawn in any other
Form, f{o that the North does not lic jult
before us, and the Z£af to our right
Hand, it gives great Confufion to the Learn-
cr, and fometimes confounds the Eye and
Imagination even of Perfons skill'd in Geo-
graphy.

SUESG TF VYRR
Of Maps and Sea Charts.
HOU GH nothing can reprefent the
Heavens or the Earth in their natural

Ap-
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Appearances fo exactly as a Globe, yet the
two Hemifpheres cither of the Heavens or
of the Earth may be reprefented upon a flat
or plain Surface, which arc generally called
Projections of the Sphere.

If you {uppofec a Globe to be cut in Halves
juft at the Equator, and cach Hemifphere
reprefented on a Plane, ’tis called a Pro-
jection of the Globe -upor the Plane of the
Egquator. Then the Equinoétial Line will
be the Circumference, andthe two Poles of
the World will be the Centers of thofe two
Proje&ions, and all the Meridian Lines will
be fo many ftrait Lincs or Semidiameters
meeting in the Centre. This is the moft
common Mecthod of reprefenting the Celef-
tial Globe and the Stars.

If the Globe be cut afunder at the Hori-
zon of any particular Place and thus repre-
fented on a Plane, it is called the Projeition
onthe ‘Plane of the Horizon. Then the Zenith
and Nadir will be the Centres of thofe Pro-
jeftions ;s and the Horizon is the Circum-
tcrence. The two Poles will be placed at
fuch a Diftance from the Circumference as
the Pole of the World is clevated above the
Horizon of that Place; and the Meridians
will be reprefented as curve Lines meeting
in the Pole Point, excepting only that Me-
ridian that paffes through the Zensth which
is always a right Line. 7Thisis a more un-

com-
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common Projetion of the Sphere, tho’ ’tis
much ufed in Dialling.

The moft ufual Way of defcribing the
Earthly Globe on a Plane, isto fuppofe the
Globe cut in Halves about the firft Meri-
dian at the Iland Fero or Teneriff. Thisis
a Projection on the Plane of the Meridian :
Then the firff Meridian will determine the
Circumference : 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 Ponts, except that
which pafles through the Centre of the
Projection, which is a right Linc.

Here the Eguator 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 234 Degrees from the Equator ; and the
two Polar Circles at the fame Diftance from
the Poles. _

In this Proje&ion the Ecliptick is fome-
times a ftrait Line cutting the middle of the
Equator obliquely in each Hemifphere, and
ending where the two Zrgpics meet the Me-
ridian: Bur fometimes the Ec/iptick is drawn
as a curve Line or an Arch beginning where
the Equator meets the Meridian, and car-
ricd upward juft to touch the Zropic of Can-

cer
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cer in one Hemifphere, and downward to
touch the Zropic of Capricorn in the other.

*Tisin this Form the Maps of the World are
oenerally drawn in two large Hemifpheres.

Note here, That it is impoflible to repre-
fent a {pherical Body exatly in its due Pro-
portion upon a Plane; and therefore the arti-
ficial Meridians or Lines of Longitude, ‘Pa-
rallels of Latitude, ¢rc. are placed at fuch
different Diftances by certain Rules of Art,
and the Degrees marked on them are often
uncqual; but fo drawn as may moft com-
modioufly reprefent the Situation of the
feveral Parts of the Earth with Regard to
one another.

The Meridian or Circumference of thele
Circles is divided into four Quarters, and
cach markt with 9o Degrees beginning from
the FEguator 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 10
Degrees there is a Parallel of Latitude drawn
on purpofcto guide and direc the Eye in {eck-
ing the Latitude of any Place.

The Eguator of each Hemifphere is divi-
ded into 180 Parts, which makes 360 in
the whole: And the feveral Meridians or
Lines of Longitude, cutting the Egquator at
every 10 Degrees guide and direct the Eye to

find the Longitude of any Place required.
As
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As the Egquator, the f{everal Lines of
Longitude, of Latitude, ¢re. can’t be re-
prefented on a Planc exattly as they are on
a Globe; fo neither can the feveral Parts of
the World, Kingdoms, Provinces, Iflands,
and Seas be reprefented in a Map exadtly
in the fame Proportion as they ftand on a
Globe. But asthe Divifions of Degreesin a
Map are bigger or lefs, fo the Parts of the
Land and Sea are rcprefented there bigger
or lefs in a moft exa&t 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 Horld
cannot be meafured by a pair of Compaf-
fes as they may be on a Globe, yet you
may count the Number of Degrees to which
fuch Lengths, Breadths or Diftances corre-
{pond, and thereby you may compute their
real Dimenfions; tho” not always fo well
as on a Globe, of which hereafter.

Thus much fhall fufhce concerning Maps
that reprefent the whole World or the Globe
of Earth and Water. Lct us next confider
thofe Maps which reprefent particular Parts
of the World, Kingdoms or ‘Provinces, thefe
arc generally drawn in alarge Square, and are
to be confidered as ‘Parts of a Projellion on
the Plane of the Meridian.

From the Top to or toward the Bottom of

the
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the Square are drawn Meridians or Lines
of Longitude; and the number of Degrees
of Longitudc are divided and marked on the
upper and undermoft Line of the Square.

From Side to Side are drawn Parallels
of Latitude, and the Degrees of Latitude
arc marked on the two Side Lines.

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

Note, In {uch Maps of particular Coun-
tries the Longitude is not always reckoned
from the fir/t Meridian as Fero or Teneriff;
but oftentimes ’tis reckoned from the Chief
City of that Kingdom, which is defcribed
in the Map, asI have intimated before.

Obferve farther, That though in Globes
and Maps of the whole World the Longi-
tude is reckoned from the /eft toward the
Eaft, yet in fmaller Maps 'tis often reckon-
ed both Ways, as Briffe/ is 23 Degrees of
Weftern Longitude from London, Amfler-
dam has near 5 ‘Degrees of Eaftern Longitude.

Note alfo, That when a {mall Country
is reprefented in a large Map, the Lznes of
Longitude and Parallels of Latitude are
drawn not mecrely at every 10 Degrees, asin
the Globe, but fometimes at every s De-
grees, and fomctimes at every fingle Degree.

Lct



Sc&. 11. Geography and Aftronomy. 67

Let it be obferved alfo in Jarge Maps
that defcribe any particular Country or Pro-
vince, as a fingle or double crooked waving
Line fignifies a R7ver when it is made ftrong
and black, {o a Publick Road is defcribed
by a fingle or a double Line drawn from
Town to Town, not quite {fo curled nor
fo firong as a River is, but ftrait or wind-
ing as the Road it felf happens. And where
the Roads lye through a broad Plain orgreat
Common without Houfes or Hedges, they
are fometimes defcribed by a dowble Row of
Points.

As Pillages and fmaller Towns are de-
fcribed by a little Circle or {mall 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 /ittle Towns and Villages are defcribed
by the Figure of a Houfe or two, and great
Towns or Cities are marked like feveral
Buildings purt together in Profpeét, or elfe
the naked Plan of thofe very Towns or
Cities is drawn there and diftinguithed ac-
cording to their Streets.

I proceed now to confider Sea-Charts.

As Maps are drawn to defcribe particu-
lar Countries by Land, fo a Defcription of
Coafts or Shores and of the Seas for the Ufe
‘of Mariners is called a Seq-Chart, and it

| K differs



68 The firft Principles of  Se@. 11.

differs from a Map chicfly in thefe Particu-
lars.

I. A Map of the Land is full of Names
and Marks defcribing all the Towns, Coun-
tries, Rivers, Mountains, ¢¢. but in a Seq-
Chart there are feldom any Parts of the Land
marked or defcribed, befides the Coafts or
Shores and the Sea Ports, the Towns or Ci-
ties that border upon the Sea, and the Mouths
of Rivers.

IL In a Map the Sea is left as an emp-
ty Space, except where the Lines of Lon-
gitude and Latitude, ¢»c. are placed: But
in Sea-Charts all the Sholes or Sands and
fhallow Waters are marked exa@ly accord-
ing to their Shape, asthey have been found
to lie in the Sea by founding the Depth in
every Part of them.

III. In Sea Charts, the Meridians are of-
ten drawn in ftrait and parallel Lines, which
iscalled Mercator's Projection ; and the Points
of the Compafs are frequently repeated and
extended through the whole Chart in a
multitude of crofling Lines, * that wherefoe-
ver the Mariner is upon the Sea he may
know toward what Point of the Compafs
he muft fteer, or dire& his Veflel to carry
it toward 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, ¢re. toward cach other. IVe

* Sce Marginal Note, Probl. X, Se&. XIX.
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IV. The Sea is alfofilled in Sea-Charts with
various Numbersor Figures which denote the
Depth of Water, and fhew how many Fathom
deep the Seaisin thofe Places where the Num-
ber ftands. Thefe are called Soundings.

V. In Sea-Charts there is not fuch Care
taken to place the North Parts of the World
always diretly upright and before the Face
of the Reader; but the Coafts and Coun-
tries are ufvally defcribed in fuch a Pofi-
tion as may afford the fitteft Room to bring
in the greateft varicty of Shores and Seas
within the Compafs of the {ame Charz,
whether the Eaff or Weft or North be
placed directly before the Reader.

Here let it be noted that as Geggraphy
taken ftritly and properly is a Defcription
of Land, (o a Defcription of Water or Sca
is called Hydrography; and as thofe who de-
{cribe the Land on Maps are properly cal-
led Geographers, {o thofe who draw the
Sca-Charts are often called Hydrographers.

S:EC. T, - Xk

The Political Divifions of the Earth, re-
prefented on the Globe.

HUS we have finithed the natural

Divifions of the Surface of the Earth s

we come now to confider how it is divided
Politically by Men who inhabit it.

B2 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, Villages,
&re.

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

Europe is divided from Africaand bounded
on the South fide by the Mediterranean
Sea. On its Eaftern {ide it is divided from
Afia by a Line drawn on the Eaft {ide of
Candia or Crete pafling up the ¢_ZLgean Sea
and through the Propontis into the Euxine
ot Black Sea, and from thence thro’ the
Sca of Zabaique by the River Do or Ta-
nais, and thence through Mofcovy, (asfome
will have it) to the River Oby running into
the Northern Ocean. It is alfo bounded
on the Wetft fide by the Weftern or Atlan-
tick Ocean.

Afia is alfo bounded on the North by
the Northern frozen Seas: on the South by
the Indian Ocean: On the Eaft it includes
China and the Oriental Iflands: But on the
North Eajt its Bounds are unknown, for Tra-
vellers have not yet been able to determine
whether thofe Eaftern Parts of Great Tartary
mayn't be joined to fome unknown Parts
of North America.

Africa is a large Peninfula joining to

Afia
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Afiz by a little Neck of Land at Egypr,
bounded on the North by the Mediterranean
Sea; On the Weft by the 4tlantick and E-
thigpick Oceans: On the North Eaft by the
Red Sea; and on the South and Eaft by the
Southern and Indian Oceans.

America was unknown to the Antients
till found out by Chriffopher Columbus a
little above two hundred Years ago. It is
called in general the /Weft-Indies. It lics
almoft three thoufand Leagues to the Weft-
ward from FEwrgpe and Africa on tother
fide of the Atlantick and Ethiopick Seas :
It is made up of two large Continents, di-
vided by a narrow Neck of Land into two
Parts 5 the one is called North Awmerica or
Mexicana, the other South America or Pe-
riand.

Let us treat briefly of each of thefe in
their Order.

SE.C T XTI

Of EUROPE and its feveral Countries
and Kingdoms.

HE chief Countries of which Eurore

1s compofed may be diftinguifhed in-

to the Northern, the Middle, and the South-
ern Parts,

l. The Northern Parts are the Britifh Ifles,

Denmark, Norway, Sweden, Mofecovy, and
Lapland.

F 3 The
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The Britifh Ifles ate Great Britain and
Ireland. Great Britain contains the two
Kingdoms of England and Scotland, which
were lately united into one. The Chief
City of England is London, and Edinburgh
is the Chief in Seotland, as Dublin is in
freland. Note, that Wales is reckoned a
Part of Emgland , though they f{peak a dif-
ferent Language.

‘Denmark isa fmall Kingdom on the North
of Germany made up of one Peninfula, and
feveral Iflands in the Baftick Sea; its Chief
City is Copenhagen, which ftands in the
largeft of thofe Iflands.

The Kingdom of Norway (which lies all
along bordering on the Weft of Sweden)
has its chief Town Drontheim ; this toge-
ther with the Ifle of Iceland far diftant in
the Northern Sea is under the Government
of the King of ‘Denmark.

Sweden isone of the Northern Kingdoms
which almoft incompafies the Baltzck Sea:
Its chief City is Stockholm. That Part of
it that lies on the Eaft fide of the Baltick is
called Finland, Livonia, ¢»c. and the South-
crn Part on the Weft fide next to Denmark
is called Gothland.

All the North Eaft Part of Eurape is Ruf-
fra and Moftovy under the Government of
the Czar, whofe Capital City is Moefcow.
His Conquefts have lately joined Livonia

4. to
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to his Dominion which before belonged to
Sweden, and there he has built the City Pe-
tersburg.

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 Mofcovite.

Note, That Norway, Lapland and Sweden
were once all compriz’d under the general
Name of Scandinavia.

II. The Middle Parts of Europe are France,
Germany, Poland, Hungary, and Little
Lartary.

France lies jult Southward of England ;
its Northern Coaft is wathed by the Eng/ifh
Channel; its Weftern Shores by the At/an-
tick Sea; and its Southern by the Med:-
terranean: Its chief City is Paris.

Before I proceed to Germany, ’tis proper
to mention a long Row of diftin&t Govern-
ments which lie on the Eatt of Framce and
divide it from Germany and Iraly. Thefe
are the feven United ‘Provinces, the ten
Spanifb Provinces, the Dukedom of Lor-
rain, the Countries of Switzerland, Savoy
and Piedmont.

The Seven United ‘Provinces are called
by the name of Holland, becaufe that is
the biggeft of them. They are a moft con-
fiderable Commonwealth, and their Chief
Citics arc Amfterdam, Rotterdam, Leyden,
Utrecht, &c. F 4 South-
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Southward of this lic the Ten Spanifs
“Provinces, or the Low Countries or Ne-
therlands, 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
Citics are Bruffels, Antwerp, Lonvain, Mons,
Namur, Ghent, &c.

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

Switzerland is the next: 'Tis a frce Re-
publick divided into thirteen Parts, com-
monly called the Swifs-Cantons, (viz.) Zu-
rich, Bern, Bafil, Lucern, ¢c. Their Allics
are the Grifons, the Valtoline, ¢rc. The Com-
monwealth of Geneva might allo be men-
tioned here, which is a very fmall but free
Sovereignty, and maintains ics Rights,becaufe
none of its Neighbours will let the others
fcize and poflefs it.

The Dukecdom of Szvey and Piedmont
borders upon the South of Swizzerland,
and reaches to the Mediterrancan Sea: lIts
chief City is Turins its Duke is lately made
King of Sardinia. '

I proceed now to Germany, which ftands
in the very Heart of Eurgpes ’tis called an
Ewmpire, and its Chief City where the Em-
peror dwells is /zemma: But there are in it

‘ | many
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many leflfer Governments, {fuch as Dukedoms,
Marquifates, Bifhopricks, and feveral free
Towns or Cities that have fome Depen-
dence upon the Emperor, but yet are little
Sovercignties within themf{elves,

The moft confiderable of thefe is the
Dominion of the Arch-Duke of Auftria,
who is King of Bobemia and Hungary, and
is generally chofen Emperor. The ninc E-
le&torates are next in Honour, which are fo
called becaufe their Governors are Eletors by
whom the Emperor of Germany is chofen.
Their Names or Titles are thefe. (r.) 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.) The Duke of Bavaria. (6.) The
Duke of Saxomy. (7.) The Marquis of
Brandenburgh, now King of Pruffia. (8.) The
Prince Palatine of the Rhine. (9.) The
Duke of Brunfwick and Lunenburg, who
is alfo King of Great-Britain. Belides all
thefe there are many {mall Principalities go-
verned by Secular or Ecclefiaftical Powers
which are too numerous to be reckoned up
here.

Poland is alarge Kingdom lying to the Eaft
of Germany : It comprehends alfo the large
Province of Lithuania: The chief Cities
of this Kingdom are Warfaw and Cracow.
I might here mention the Country of Pru/-

: Jia,
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fia, which fome Years paft has been dignified
with the Name of a Kingdom: It is fituate
Northward between Germany and Poland.
The King refides at Berlin in Brandenburg.

Hungary is a Kingdom which lies juft
South of Poland, its chief Towns are
Presburg and Buda : 1t has been in a great
Meafure under the Government of the Turks ;
but it now belongs to the Emperor of Ger-
many.

Little Tartary, which is alfo called Crzm
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 Sonthern Parts
of Eurgpe, and thefe are Spain, Italy, and
the European Dominions of the Turk.

Spain is the moft Southern Kingdom of
Europe, a large Country s its capital City
Madrid ftands in the midft of it: On the
Weft fide of it lies the Kingdom of Porzu-
gal bordering all along upon it ‘twas once
a part of Spain, but now is fubje@t to a dif-
tin& King: Its chief City is Liston.

Italy is alarge Peninfula in the Medizer-
ranean Sea, and contains various Governments
in it, (viz.) Mantua, Modena, Parma,
Lucca, Genoa, ¢rc. but the moft noted and
remarkable are thefe five, Penice, Milan,
Florence or Tufcany, Naples, and the State of
the Church, which is the Dominion of the
Pope, whofe chicf City is Rome. In
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In the South Eaflt Part of Eursgpe lics
the famous Country of Greece, which con-
tains the antient Provinces of Macedonia,
ThefJalia, Achaia, dre. with the Towns of
The(falonica, ‘Philippi, Athens, Corinth, drc.
and the Peninfula of Peloponnefiis, now cal-
led the Morea; but all thele together with
the more Northern Provinces of Tranfilva-
nia, Walachia, Bulgaria, Romania, ¢rc. are
now almoft intirely under the Dominion of
the Turk, whofe chief City is Conftantinople,
fituate at the Mouth of the FEuxine Sea.
All this is called Turky in Europe.

Thus have we gone through the Northern
and Middle, and Southern Countries of Eu-
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 Eu-
rope and its Rivers.

Near to Italy, France and Spain lie fe-
veral Iflands in the Medzterrancan Sea; {uch
as Majorca, Minorca, Ivica, Corfica, Sar-
dinia, Sicily and Malta, which belong to
different Princes.

On the Eaft fide of Greece is the ¢_Zgean
Sea, or Archipelago, in which are many (mall
Iflands, and Crete a large one: On the
Weft fide of Greece is the Gulph of Ve-
nice, or the Adriatick Sea, in which alfo
there are feveral {mall Iflands, as Corfw,
Cephalonia, Zant, &rc.

Divers
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Divers other Ifles there are which are in-
cluded in Europe; as the Ifle of Man, of
Anglefey, of Wight, Ferfey, Guernfey, &c.
which belong to Eungland: The Hebrides on
the Welt 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 Spaim. And feveral others of lefs
Note.

Some of the moft remarkable Mountains
in Europe are, (1.) The Alpsbetween France
and Iraly. (2.) The Apennine Hills in Izaly.
(3.) The Pyrenean Hills between France and
Spain. (4.) The Carpathian Mountains in
the South of Poland. (s.) The Peak in
Darbyfbire in England. (6.) Plinlimmon
in Wales, &c. Befides feveral FVolcano's
or Burning Mountains, as Fefuvius and
Stromboli in Naples, Mount ¢_#tna, now
called Mon-Gzbel in the lfland of Szczly, and
Mount Hecla in the cold lle of Iceland.

The principal Rzvers of Note in Europe
arc the Thames and the Severnin England ;
the 7ay in Scotland; the Shannon in Ire-
land; Tagus in Portugal and Spain; the
Po and Tiber in Italy; the Weifel or Vif-
tula in Poland. In Germany the Elbe and
the Oder, the Rhine and the Danube. In
France the Sein and the Rhone. In Mof-
covy the Don and the Volza. The
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The Danube and the Volga are the largeft
Rivers in Ewrope, the ‘Danube running
through all Germany and Turkey into the
Euxine or Black Seas and the Folpa,
(which fome Writers attribute to 4z, be-
caufe) though it runs through a great Part
of Mofcovy, yet it empties it felf into the
Cafpian Sea.

SNEYC  TaeXIV:

Of ASIA, and its feveral Countries and
Kingdoms.

§1A4 may be divided into thefe five
Parts, (viz.) Twrkey, Perfia, India,
China and Tartary.

The Dominion of the Turks in Afia con-
tains feveral Countries in it, (viz.) Nato-
lia, Paleftine, Arabia, Georgia, & c.

1. Natolia or Afia Minor, which is a Pen-
infula between the Ewxine Sea and the Me-
diterranean, where lay the antient Countries
of Galatia, Cappadocia, Pontus, Bythinia,
Lycaonia, Cilicia, Phrygia, ‘Pamphylia, ére.
through which the Apoftle Panl travelled
and made many Converts there, Here
were the feven famous Churches of 4z,
to which the Epiftles were written in the
fecond and third Chapters of the Revela-
tions, (viz.) Ephefus, Smyrna, Sardis, &re.
many of them are now called by different

2 Names :



8o The firft Principles of Sett. 14.

Names: 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,
Mefopotamia, ¢re. The chief Towns in it
now are Aleppo, Scanderoon or Alexandretta,
gagdat or Babylon, ‘Damafcus, Ferufalem,

¢

3. Arabia which antiently was divided
into Arabia the Happy, Arabia the Defart,
and Arabia the Stony, lying all berween
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 Zurks, that lic between
the Fuxine and the Cafpian.

Perfia a large Empire lies Eaftward from
Turkey between the Cafpian and Indian
Seas: Its capital City is Ifpahan.

India is divided into two Parts by the
River Ganges. India on this fide the Gan-
ges contains the biggeft Part of the Empire
of the Grear Mogul, whofe chief City is
Agra. In a Peninfula or large Promontory
in this Part of India are various Settlements
of the FEuropean Nations, as at Fort St.
George, Tranquebar, Goa, ¢c. Beyond the
River Ganges lies another large Peninfula,
which contains the Countries of Pegu, Siam,

Tunquin, Cochinchina, ¢ére.
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 Eaf? Indies.

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

Theye are Multitudes of Iflands which
belong to Afia, the chief of which are 7a-
pan, Borneo, Celebes, Fava, Sumatra, Cey-
lon, the Philippine Ifles, the Maldive Ifles,
&re. all thefe in the Eaffern Ocean, and
Cyprus in the Mediterranean.

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

The chietf Mountains arc Imauns, Can-
cafus, Ararat, which arc but different
Parts of the long Ridge of Hills which
runs through Afiz from the Weft to the
Eaft, and is called by the antient genecral
Name of Mount Taurus.

SECT.
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S~ B1@dls BV,
Of AERICA and its Divifions.

FRIC A 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
Cairo and Alexandria.

Barbary is a long Country, it compre-
hends moft part of the antient Maurita-
nia, or the Country of the Moors; it lies
along the Coaft of the Mediterranean Seca:
Its chief Towns are Fez, Morocco, Me-
chanefs, Salley, Tangier, Ceuta, Algier, Tu-
nis, Trigoli and Barca.

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

ZLaara comes next; ’tis a Defart Inland
Country and much unknown. So is Ni-
gritia or the Land of the Negroes which
lies to the South of Zazara; as Guinea is
fituated in the South of Nigritia. ‘lhe
Tooth or Ivory Coaft and the Quaqua
Coaft, and the Go/d Coalt are feveral Divi-
fions of Guinea well known to Mariners.

' Nubia
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Nubia lies Southward of Egypz, as Abyf-
fnia does to the South of Nwubia, both
near the Coaft of the Red §ea.

Ethiopia hath 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 Abyffinia ot Nubia on the Eaft, and
fometimes it includes Ayb/finia alfo, which
is called the Leffer or Inner Ethigpia.

In the more Southern Part of Erhigpia
arc the Inland Kingdoms of Monomotapa;
Monoemunga, ¢&re. On the Weftern Coaft
Congo, Loango, Angola: The Eaftern Coaft
i1s Zangnebar and the Mozambique: The
Southermoft Coaftis inhabited by the Cafres
and the Hortentots ncar 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 Hu-
man nature in them befide the Shape.

The chief Iflands near Africa are the
large Ifle Madagafcar called the Ifle of
St. Lawrence that lies toward the Eaff-
ern Sca; and on the Weft or North Weft
are the {mall Iflands of Cape Verd, the Ca-
nary Hlands, and the Maderas in the Atlan-
tick Sea, with others of leffler Note in the
Ethiopick Sea.

The moft famous Rivers in Africa arc

G the
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the Nile and the Niger. The Nile runs
thro’ all the Eaftern Part of the Country,
and emptics it felf into the Medsterranean
Sea by many Mouths at the Land of £-
gypt. The River Semegal antiently called
Niger runs through Negroland into the
Atlantick Occan. .

The moft remarkable Mountains are thefe,
(1.) Mount Atlas or the Atlantick Hills in
the Weft of Barbary, which were fuppofed
by the Antients to be the higheft in the
World ; whence came the Fable of Atlas
a Giant bearing the Heavens upon his Shoul-
ders. (2.) The Mountains of the Moon
which lie much more Southward toward
Monomotapa: And (3.) The exceeding high
Hill of Zenerif, which is among the Cana-
ry Iflands.

S RY Al R @
of AMERICA and its ‘Divifions.

MERICA is the fourth and laft

Quarter of the World, ’tis divided

into the Northern and the Southern Parts by

an Ifthmus or Neck of Land at ‘Darzen or
Panama.

Nerthern America includes Canada, the
Englifp Empire, Old Mexico, New Mexico,
Florida, and the Northern Land.

The Northern Land contains fome Iflands

and



Sc@. 16. Geography and Aftronomy; 85

and Settlements of Ewrgpean Nations, in
Hudfow's Bay and other Coafts of Groen-
land, Greenland, near to the Ar&ick Cir-
cle, but few of them are much known, fre-
quented or inhabited.

As for the North Weft Part of North
America, 'tis utterly 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 Great
Tartary.

Canada or New France lics on the North
Eaft Side of the River of 87, Lawrence, its
chief Town is Quebec.

The Englifh 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 Boffon is the principal Town or Ci-
ty. North of New England lies Acadia,
fometimes ealled 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,
Penfilvania and Maryland, Virginia and
Carolina. On the Weft and North Weft
fide of thefe Plantations lic large Tralls 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

G 2 on
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-on Carolina, and Weftward it reaches to the
River Miffifipp: and beyond it: It is bound-
ed by the Sca on the South, but there have
been no very great or remarkable Towns or
Settlements formed there by the Spawzards
who found and named it.

New Mexico or New Granada lies Weft
of Florida pofleft alfo by the Spaniards;
its chief Town is §7. Fe upon the River
Nore.

Mexico or New Spain lies more South,
it is a large and rich Country, long and un-
even, firetching from Northweft to South-
caft; and contains many Provincesin it be-
longing to the Spaniards, who have deftroy-
ed Millions of the Natives there. It has fe-
veral Towns, of which the chief has the
Name of Mexico given it.  Florida and
Mexico together make a large Bay, which
is called the Gulf of Florida or the Gulf of
Mexico. This Country reaches down tothe
fmall Neck of Land whereby Sowth Amer:-
ca is joined to it. On this Neck of Land
are Panama on the South fide, and Porto-
bello on the North.

The Southern Part of America is fome-
thing like a large Triangle lying in the
vatt Southern Qcean and almoft cncompaft
by it: On the Weftern fide this Ocean is
called the Pacifick Sea, becaufe feldom vext
with Storms.

This
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This Southern Part of America compre-
hends many great Countries, viz. Terra Fir-
ma, Teru, Amazonia, Guiana, Brafil, Chilz,
Paraguay, Terra Magellanica, érc. The
Inland Parts are very much unknown, but
the greateft Part of the Coafts are pofieft
by the Inhabitants derived from §pain and
Portugal, who have made various Settle-
ments there.

The chief Iflands of America in the North
arc Newfoundland, which is a Triangle
near Acadia; then Cuba, Hifpaniola and
Famaica, all in the fame Climate with
Mexico. The lefler Iles are called Lucayes
ot Babama Iflands, Southealt of Florida;
and the Caribbee 1{lands, Eaftward of Hif-
paniola. On the Weft fide of North A-
merica lies a very large and long Ifland
called California, with many little ones
near it,

The chief Ifland in South America is
Terra “Delfuego which lies near the Mair
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 vatt South Sea.

The moft noted Rivers of North Awme-
rica are the great River of §z. Lawrence
or Canada thatdivides New England from
New France; and the River Miffifipp:
where the French have made late Settle-
ments, 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
Florida from the more Northern Coun-
tries; and the Andes in South America,
which is a long Ridge of Mountains run-
ning from the South Part of America to-
ward the North: Travellers fuppofe them
to be the higheft in the World.

Thus I have defcribed the various Coun-
tries of the Earth in a very brief and im-
perfe@ manncr, fufficient only to give the
young and ignorant Reader a Tafte of
Geography, and to encourage him to purfue
the Study farther in that excellent Manual
Gordonw's Geographical Grammar, or in Vo-
lumes of larger Size.

SEC T XVIL
Of the fixed Stars on the Heavenly Globe.

AS the Terreftrial Globe has the vari-

; ous Countries, Cities, Mountains,
Rivers and Seas drawn upon it: So on the
Celeftial Globe are placed the fixed Stars
exaltly according to their fituation in the
Heavens. |

Yet there is this Difference between the
Reprefentations made by the Hﬁdﬂf?ﬁg{
' an
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and thofe made by the Earthly Globe,
(viz) That the feveral Countries, Rivers
and Seas arc 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
appcar 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
{uppofe our Eye to be placed in the Ccen-
tre of the Globe in order to have the Stars
and Heavens appear to us in their Conca-
@ity 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 kecep the
{fame Place or Diftance with regard to one
another; whereas the Planets and Comets
arc perpetually changing their Places and
Diftances with Regard to ome amother and
with Regard to the fixed Stars.

They differ alfo in this Refpet, that the
fixed Stars generally twinkle, except when
near the Zenith or feen thro’ a Telelcope;
and they fhoot fprightly Beams like the Sun,
which is ufually given as a proof that like
the Sun they thine with their own Light :
The Planets have a more calm Afpe&t 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
fhine only by reflexion. . -

For our better Acquaintance with the
fixed Stars, Aftronomershavereduced them
to certain Conftellations. This we have
{hewn alrecady in the fecond Seétion, con-
cerning thofe Stars that lie in the Zodiack,
which are reduced to 12 Conftellations and
called the twelve Signs, (viz.) Aries or the
Ram, Zaurus 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 Conftellations were thus
framed by the Antents, Urfa Minor o
the little Bear, in whofe Tail is the Pole
Star, Urfa Major or the grcat Bear, ‘Draco
or the Dragon, Cepheus whofe Feet are
juft at the North Pole: Caffispeia and her
Chair, Andromeda, the Northern Triangle,
Perfeus with Medufa's Head, Auriga or
the Charioteer, Bootes or the Hunter, who
is fomectimes called Aréfurus or the Bear-
keceper, Corona Borealis or the Northern
Crown, Emngonafi or Hercules Knceling,
Lyra or the Harp, Cygnus or the Swan,
Pegafus or the great flying Horfe, Equule-
us or FEguiculus the little Horfe's Head,
Delphinus or the Dolphin, Sagitta or the

" Arrow,
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Arrow, Aquila or the Eagle, which fome
call the Vultur, Serpems or the Serpent,
and Serpentarius the Man who holds it.

To thefe 2 1 Northern Conftellations were
afterwards added Antimous 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, &ec,

The Southern Conflellations known to
the Antients are Cefus the Whale, and
the River Eridanus, Lepus the Hare, the
glorious Conftellation of Orier with his
Girdle, Sword, and Shield, Sirizs or the
great Dog, Canicula or the little Dog, Hy-
dra or a large Scrpent, the Ship Argo, Cra-
ter or the two handed Cup, Corvusthe Crow
or the Raven, Centaurus or the Half-Man
Half-Hor(e, Lupus or the Wolf, Ara or the
Altar, Corona Auftralis or Southern Crown,
Pifcis Notius or the Southern Fifh.

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

Aftronomers have framed fome leffer Con-
Jellations which are contained in the great-
er, as the Pleiades or the Seven Stars, and
the Hyades in Taurus or the Bull : Capel-
/a or the Goat, in which is a very bright Star

T fo
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fo called, in the Arms of Aurigaor the Cha-
riotecer: 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 {cven bright Stars
in the Rump and Tail of the Great Bear,
three of which in the Tail refemble the
Horfes, and the other four ¢, @, 0, r, a
Square Cart : Sce Figure XXX. The two
hindmoft Stars in the Cart, (viz.) 6 and r
are called the Posnters, becaule they point to
the North Pole p.

Befide thefe there are feveral other fmall-
ler Stars f{catter’d up and down in the
Heavens, which are not reduced to any of
the Conflellations; though of late Years
Hevelius a great Aftronomer has made
Conftellations of them which are defcribed
upon fome medern Globes.

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

Therc are but a few Stars of the firf?
and fecond Magnitude, and many of them
have remarkable Mames given to them, as
the Ram's Head, Aldebaran or the Bull’s
Eye, Capella or the Goat, the three Stars
in Orion's Girdle, the Lzon’s Heart, “Deneb
or the Lion’s Tail, Rege/the Star in Orion’s
Left Foot, Spica Virginis, which is an Ear
of Cornin 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 Fifh-
es Mouth near Aguarius, the ‘Pole Star in
the Little Bear's Tail, &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
arc, as the Great ‘Dog, the Little “Dog,
Lyra or the Harp, Arifurus the Bear-keceper,
Capella the Goat, are.

As the Globe of the Earth with all the
Lands and Seas defcribed on a Terreftrial
Sphere is reprefented on Maps, 1o the Ce-
leftial Sphere with all the fixed Stars is of-
ten reprefented on two Zables or Plani-
fpheres, projeéted on the Plane of the E-
quator with the two Poles in their Cen-
tres .

Note, This fort of Projetion has fome-
times been furnifhed with fome little Ap-
pendices which are moveable, and makes
an Inftrument called a Noéfurnal to take
the Hour of the Night, and perform many
other Aftronomical Problems by the Starts.

It is hardly neceffary to fay that the Stars

¥ M, Senex at the Globe over againft St. Dunflan’s in Flect-
fireet, has lately printed the beft that ever were in Ergland,
or perhaps in any Country.

are
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are {uppofed to keep their conftant Revo-
lution once in twenty ! four Hours by Day
as well as by Night: But the Day Light
conceals them from our Eyes.

The Sun in its Annual Courfe moving
from Weft to Eaft through all the Signs of
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 Eaffern
Conflellations come daily and monthly with-
in the Reach of the Sun Beams and are
conccaled thereby, which is called their Sez-
ting Heliacally. And the Weftern Conftella-
t7ons hereby getting farther off from the
Sun Beams are made vifible to us, which is
called Rifing Heliacally.

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 ncar it being upon the Meridian at
Noon, the Stars that are dire@tly oppofite
to them in the Heavens will be upon the
Meridian that Day at Midnight. And by
the fame means if you obferve what Stars

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
is a broad uneven Path incompafling the
Heavens pafling near the North Pole which
is brighter than the reft of the Sky, and
may be beft {een in the darkeft Night, this
is called the Milky Way ; which later Philo-
fophers have found by their Telefcopes to
be formed by the mingled Rays of innu-
merable fmall Stars. "Tis to the fame Caufe
that fome other bright Spots in the Sky
(tho’ not all) are afcribed which appear to
us like whitifh Clouds in Midnight Dark-
nefs.

8 B QL BV
Of the Planets and Comets.

HOU GH the Planets 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& it back to us., They are
called Planets from a Greek Word which

fignifies
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fignifiecs Wanderers, becaufe they are always
changmg their Places in the Hecavens both
with regard to the fixed Stars and wuh re-
gard to one another.

The Planets are placed at very different
Diftances from the Center of our World,
(whether that be the Earth or the Sun) and
they make their various Revolutions thio’
the twelve Signs of the Zodiack in diffe-
rent Periods of Time.

Saturn  in 29 Yearsand 167 Daysi. e. about 24 Weeks.

Fupiter I Il e— 314 45 ———
Mars in 1 321 46—
EarthorS4n in 1 ——— 0 0-
Venus in 0 ———= 224 32
Mercury il O menass 87 = - 12§ ——
Mion IN O wweemmms 27% 4 —

As the Ecliptick Line is the Orbit or An-
nual Path of the Earth or Sun, fo cach
Planet has its proper Orbit whofe Plane dif-
fers fome few Degrees from the Plane of the
Orbitof the Sun, and toa Spectator’sEy ¢ plac-
ed in the Centre would interfeé or curt the
Sun’s Orbit at two oppofite Points or Nodes.
Now the Diftance of a Planet from the
Ecliptick meafured by an Arch perpendicu-
Iar to the Ecliptick is the Latitude of thae
Planet as before.

To reprefent thisasin Figure XI. you may
imagine as many foops as there are Planets
thruft chrough with feveral ftraict Wires,
and thereby join'd in different Places to the

I - Hoop



Seqt. 18.  Geography and Affronomy. o7
Hoop that reprefents the Plane of the Eclip-
tick, i. e. the Sun’s or Earth’s Orbit; and
then let thofe Hoops be turn’d more or lefs ob-
liquely from the Plane of the Ecliptick : For
all the feveral Orbits or Paths of the Plz-
nets do not crofs or interfe& the Ecliptic o
Sun's Path in the fame Point, nor at the
fame Angles: But their Nodes or Interfec-
tions of the Ecliptick are in different Parts
of the Ecliptick, and alfo make different
Angles with it.

Among the feveral Ufes of obferving the
Latitude of a Planet, fec one very necefla-
ry in Problem XXX VII.

The Comets were by Ariffotle and his
Followers fuppoled to be a fort of Meteors
or Fires formed in the Sky below the Moon
continuing for fome Months and then va-
nithing again. But by later Aftronomers
they have been found to be dark Bodies
like the Planets, moving through the Hea-
vens without any Regard to the Eclptick,
but in very different Orbits, which are {up-
pofed to be El/ipfés or Ovals of prodigious
Length, and returning at various Periods
of f{everal {cores or hundreds of Years. Tho'
it muft be confeft, thofe Parts of their Or-
bits which 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-
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defcribe in their Motion be not Parabolical,
or {fome other infinite Curve; and thus whe-
ther the Comets themfelves are not wander-
ng 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 Certainty as could be wifhed.

Thus I have finithed the fpeculative Part
of this Difcourfe which contains the Rudi-
ments or firft Principles of Aftronomy: It
is called the Spherical Parz, becaufe it treats
of the Doctrine and Ufe of the Sphere; and
I have concluded therein the general Part
of Gesgraphy, and given a flight Survey of
the particular Divifions of the Earth.

"Tis indeed the Second or [pecial 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-
faGtures, Occupations, ¢&¢. It alfo defcribes
the various Towns and Villages, the larger
and lcfler Mountains, Rivers, Forefts, the
feveral Produdts of every Country, the Birds,

Dealts,
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Beafts, Infeéts, Fifthes, Plants, Herbs, the
Soil, Minerals, Mectals, 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 Battels, Viftories,
Famine, Defolations, Prodigies, &¢. has
happen’d in every Nation, and whatfoever
has rendered it worthy of publick Notice
in the World.

There are many Books extant in the
World on this Subje&; fome of lefer fize,
fuch as Gordow's Geographical Grammar,
Chamberlain's Geography s and larger, (viz.)
Morden's Geography Reélified in Quarto,
Thefaurus Geographicus, Moll's Geggraphy in
Folio, ¢re. , _

The Second or Special Part of Affrono-
my is called the Theory of the Heavens, 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 thofc Appearances, (viz.) a
more particular and exact Account of the
‘Day and Night, and of the feveral Sea-
fons of the Year, Spring, Summer, Autumn
and Winter, of the Length and Shortnefs
of the Days: Why in the Winter the Sun is
nearer to us than it is in the Summer, and

H why
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why the Winter Half.year is feven or eight
Days fhorter than the Summer Half year:
Whence come the Eclipfes of the Sun and
Moon, both total and partial ; why the Mbon
isonly eclipfed when fhe is Fu/l, and the Sun
only when fhe is New: Whence proceed
the different Phafes of the Moon, as the
New or Horned Moon, the Half-Moon, the
Full, &e. Why the two lower Planets Mer-
cury and Fenus always keep near the Sun,
and never move fo far as two whole Signs
from it: Why Penus is horned, halved and
full as the Moon is: Why the three fuperi-
or 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 Planets fometimes appear
{wifter, fometimes flower: Why they feem
fometimes to move dire&ly or forward,
fometimes retrograde or backward, fome-
times are ftationary or feem to ftand ftill:
Why they are fometimes nearer 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;
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

3 § really



Se&. 18. Geography and Affronomy. 101

really they are by Refraétion, and how
again they feem lower than they really are
by the Parallax.

In this Part of Affronemy ’tis proper al-
fo to thew the different Schemes or Hy-
pothefes that have been invented to folve
or cxplain all thefe Appearances of the
Heavenly Bodies. Here the Ptolemaick or
antient 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 vul-
gar Eye; and what tedious and bungling
Work they made by their Contrivance of
folzd tranfparent Spheres of different Thick-
nefles, placed in Eccentrick Order and af-
fited by their little Epicycles: What infi-
nite Embaraflments and Difliculties attend
this rude and ill adjufted Contrivance, and
how impoflible it is to folve all the Ap-
pearances of Nature by this Hypothefis.

Then the Modern or Copernican Scheme
fhould be reprefented, which makes the
Heaven all void, or at leaft filled only with
very fine Ethereal Matter; which places
the Sunm in the Centre of our World with
all the Planets whitling round it ; which
maxes the Fgrth a Planet, turning daily
round its own Axis (which is the Axis of
the Equator) to form Day and Night;
vleo H 2 and
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and alfo carried yearly round the Sun in the
Ecliptick between the Orbits of Fenus and
Mars to form Summer and Winter. This
Scheme alfo makes the Moon a Secondary
Planet rolling monthly round the FEarth,
and carried withitin its yearly Courfe round
the Sun, whereby all the variety of Ap-
pearances of the Sun and Moon and of all
the Planets as w¢ll as the Differences of
Day and Night, Summer and Winter are
refolved and explained with the greateft Eafe,
and in the moft natural and {fimple Manner.
Here alfo it fhould be fhewn that as
the Moon is but a Secondary Planet, be-
caufe it moves round the FLarth which is
it felf a Planet: So Fupiter which moves
round the Suz has alfo four Secondary
Planets or Moons moving round it, which
are fometimes called his Sarellites or Life-
Guards. Saturn allo has five fuch Moons,
all which keep their certain Periodical Re-
volutions: And befidec thefe, Saturn is in-
compaffed with a large Flaz 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 ir, which is the moft
amazing Appearance among all the hea-
venly Bodies: But thefe Sacondary ‘Planets
which belong to Fupiter and Saturm to-
gether with this admirable Ring are vifible
I only
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only by the Afliftance of Telefcopes: And
yet Mathematicians are arrived at {o great
an Exaflnels in adjufting the Periods and
Diftances of thele 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 D:ffe-
rence of Longitude between two Places on
the Earth.

It may be manifefted here alfo that fe-
veral of the Planets have their Revolu-
tions round their own Axis in certain Peri-
ods 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; fo that ‘tis probable they
are all Habitable Worlds 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 Ifaiah tells
us, that God who formed the Earth created
it mot in wvain, becaulc he formed it to be
inhabited, fa. xlv. 18. He thereby infinu-
ates that had fuch a Globe as the Earth ze-
ver been inbabited, it had been created in
vaim. Now the fame Way of Reafoning
may be apply’d to the other Planctary
Worlds, fome of which are fo much big-

H 3 ger
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oer than the Earth is, and their Situations
and Motions feem to render them as con-
venient Dwellings for Creatures of fome
Animal and Intelle€tual Kind.

Many of thefe things have been perform-
cd by ingenious Men with great Exattnefs
for the Ufe of Perfons learned in the Ma-
thematicks ; but I know not any fhort, plain
and intelligible Account of them fitted for
the Ufe of the unlearned World, except
among Dr. Wells’s Volumes intitled Ma-
thematicks for a young Gentleman: Yet I
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 Perfection, if fome Per-
fon of peculiar Skill in thefe Sciences and
of equal Condefcenfion would undertake

the Work.

& E G T RN

Problems relating to Geggraphy and Aftro-
nowmy to be performed by the Globe.

S Theorems in Mathematic Science

are certain Propofitions declaring

fome Mathematical Truth: So a Problem
is a Mathematical Queftion propofed to be
refolved, or fome Practice to be performed.
Becaufe this Problematic Part will re-

quite the recollettion of a great many
things
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things in the former Secétions, I think it
may not be improper to give a fhort fum-
mary of ‘Definitions of the chief Subjeits
of Difcourfe in the Doctrine of the Sphere,
and fet them in one View.

DUE B BT I 150N S.

The Latitude of a Place on the Earth-
ly 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 is the Height
of the Pole above the Horizon of that Place
meafured on the Meridian: And it is al-
ways the fame Number of Degrees as the
Latitude.

‘The Longitude of a Place is the Diftance
of it toward the Eaft or Weft from {ome
firt Meridian, and ’tis meafur’d on the Equa-
tor.

The Declination of the Sun or any Star
ot Planet is its Diftance Northward or-South-
ward from the Equator mecafured on the
Meridian., °‘Tis the fame thing as Latitude
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 with Longitude
on the Earthly Globe.

H 1 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 15 Degrees, for
every 1s Degrees on the Equator make
an Hour. Or it may be reckon’d from
the oppofite Meridian or Midnight.

Note, The Right Afeenfion is reckon’d
cither 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
becaufc ’tis always in the Ecliptick.

The Longitude of the Sun or Star is its
Diftance from the Point Aries 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 Planet for
any parcticular Day, 7z e. its Place in the
Zodtack, or the Degree of the Sign in which
it is at that Time,

The Altitude or Hezght of the Sun or
a Star is its Diftance fmm and above the
Horizon, mcafured on. the derant of
Altitudes.

The i’)gpnﬂan of the Sun or Star is its
Diftance from and below the Honzﬂn

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,
| Thf: Sun or Stars Meridian Altitude is

its
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its Altitude or Height when ’tis on the
Meridian or at the South,

The VPertical Altitude of the Sun is y.
fed by fome Writers for its Height above
the Horizon when it is in the Azimuth or
Vertical Circle of Eaft or Weft. But the
Sun is faid 70 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 fetting.

The Afcenfional “Difference is the Time
of the Sun or Stars rifing or fetting before
or after fix a Clock : Or it is the Difference
between the Sun or Stars femidiurnal Arc
and a Quadrant or 9o Degrees, as fome
Perfons exprefs it, becaufe 9o Degrees or a
Quadrant recaches from 6 a Clock to 12.

PROBLEMS,.

Problem 1. 7o find the Longitude and La-
titude of any Place on the Earthly Globe.

Turn the Globe about till the Place come
juft under that 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-
ridian fhews the true Lomgitude of the
foi s Place.
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Place. So London will appear to have 513
Degrees of North Latitude, and ncar 18
Degrees of Longitude, counting the firft
Meridian at Zemeriff. So Rome has 41
Degrees of Notth Latitude, and about 13 De-
arces of Longitude Eaftward from London,
or almoft 31 Degreés from Teneriff-

Problem II. The Longitude or Latitude
of any Place being given, how to find that
Place 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 Eyc 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..; .

If 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 wherc the given Line of Longitude ot
Meridian cuts the given Line of Latitude,
there is the Place required. Thefe two
Problems alfo may be practifed on a Map
as well as on a Globe.

 Problem WL To find the Diftance of
any two Places on the Earthly Globe, or
two Stars on the Heavenly. Here
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Here let it be noted that a Degree of
the Meridian or of the Equator, or of any
great Circle on the Earthly Globeis found
by Meafure to be 693 or 70 Englifh Miles:
See Prob. XII. Se&. 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 Lznes of "Longitude
on the Globe are equal, becaufe all thofe
Lines are great Circles ; but in the Paral-
lels of Latitude, the farther you go from
the Equator the Circle grows lefs and lefs,
and confequently the Degrees of thofe Cir-
cles are lefs alfo: And therefore if two
diftant Places are cither both onthe 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 thews you their true Diftance: But
if the two Places are not both oz the Equa-
tor not on the f[ame Meridian, you muft
find their true Diftance by the following
Method.

To perform this zhird Problemn lay the
Quadrant of Altitude from one Place to
the other and that will fhew the Number
of Degrees of Diftance, which being mul-
tiplicd by 6o Gesgraphical Miles, or by

70
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70 Englifo Miles will give the Diftance
fought.

Or you may take the Diftance between
the two Places with a pair of Compafies
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
Compafies in the fame Mannecr will thew
the Diftance of any two Stars on the Hea-
venly Globe (v2z.) in Degrees, but not in
Miles.

Obferve here, that tho’ thefe Methods
will find the true Diftance of places on the
Globe, yet on a Map the fame Methods are
ufelefs ; becaufc 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 Megridian are often unequal. (See the
XI. Sectron concerning Maps.) The only
way therefore of meafuring Diftances on a
Map is to meafurc the number of Degrees
on the nearclt correfpondent Line of Lon-
Zitude or Latitude, and apply that to the
Diftance enquired, which after all is but
an uncertain account. .

Problem 1V, 7o find the Antceci, Peri-
«cl and Antipodes of any Place given,
fuppofe 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 a Clock
at Noon, turn the Globe about till the In-
dex point to 12 at Midnight, and the Place
that will be under the fame Degree of the
Meridian where London was fhews where
the Periwez dwell.

The Globe fo ftanding, count the fame De-
grees of Latitude from the Meridian South-
ward and that will thew who are the Anz:-
podes to London.

Problem V. Any place being given to
find all thofe Places which have the [ame
Hour of the ‘Day with that in the given
Place.

All the Places that have the fame Longi-
tude have the fame Hour. Bring the given
Place therefore to the Brazen Meridian, and
obferve what Places are then exadtly under
the graduated Edge of that Meridian, for
the People in thofe Places have the fame

Hour, and their Habitation has the fame
Longitude,

Problem VL
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Problem V1. Any Place being given ({up-
ofe Paris) to find all thofe Places in the
Vorld which bhave the [ame Latitude, and

confequently have their days and nights of
the 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 fame Latitude with
Paris, and the Pole is juft as much elevated
above their Horizon, viz. 49 Degrees.

Problem VIL 7o rectify the Globe accord-
ing 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
Decgrees of the under part of the Meridian,
which begin to be numbred from the Pole;
thus for London you muft raife the Pole
s13 Degrees above the Horizon.

Then while London ftands under the
Mecridian, the truc and real Situation of it
1s exaltly reprefented on the Globe with its
proper Horizon: For Londen is by this
means placed in the Zensth, or on the very
Top of the Globe, at 90 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 is 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 Load-Stone, to fhew which are the
North or South Points of the real Horizon,
and then, as near as you can, fet the Bra-
zen Meridian of the Globe exadtly North
and South. |

Thus the Wooden Horizon will be a per-
fe&t Parallel to the real Horizon, the bra-
zen Meridian to the real Meridian, the E-
quator, the Ecliptick and all the Jeffer Cir-
cles, and the Points on the Globe will re-
prefent thofe Circles and Points on the Earth
or in the Heavens, in their proper Pofition.

Problem VIIL. The Hour being given in
any Place (as at London) to find what Hour
it s in any other part of the World.

Redifie 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 fucceflively to the Meri-

dian, then the Index or Hour Pointer will
o Ao
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fhew the true 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 fix at Conffantinople, 'tis almoft half an
hour paft nine at Night at Fors S8t. George
in the Eaft Indies, ’tis near Midnight at
Pekin in China, ’tis eleven a Clock in the
Morning at Famaica, and alittle palt Noon
at Barbadoes.

Problem IX. To reitifie the Globe for the
Zenith.

After the former Reétification for the
Latitude of the Place, faften the Edge of
the Nut of the Quadrant of Altitude on its
graduated fide at the proper Degree of La-
titude on the graduated fide of the brazen
Meridian, and that will reprefent the Ze-
nith of that Place in the Heavens.
~ The Quadrant of Altitude being thus
faftened ferves to meafure the Suz or Stars
Altitude above the Horizon, and the Suu or
Stars Azimuth; and it has been fometimes
(tho’ erroncoufly) ufed to fhew the Bear-
ing of ome Place to another, as in the fol-
lowing Problem.

Problem X. Any two Places being given,
to Yfind the erzﬂg from ome to the other,
z. 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 Wiri-
ters have folved this Problem isthis. 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 fhew how the one
bears to the other. So if you reltify the
Globe for the Latitude and Zenith of Bar-
badoes, you will find that Cape Finifferre
in Spain, and Azoff in Mofcouvy both lie
in a dire& Line North-Eaff from Barba-
does, according to this Praftice.

But here let it be noted that tho accord-
ing to this fort of meafuring they both lic
North-Eaft from Barbadoes, yet they don't
lic North-Eaft of onc another; for if you
rectify the Globe for the Laritude and Ze-
nith of Cape Finifterre you will find Azoff
lies ncar Eaft-North-Eaft from Cape Fini-
Jterre, or more than two Points of the Com-
pafs, (7. e. more than 223 Degrees) different
from the North-Eaft.
~ And if a Sailor or Traveller who is at
Barbadoes thould every League or Mile of
his Way, by obferving the Compafs, ftill
make toward the North-Eaff, he would
come fooner to the Hebrides or Weflern
Scots Iflands than to Azeff, or even to
y I Cape
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Cape Fintflerre. But the Courfe that he muft
really fteer to come to Cape Finifferre is neac
North-Eaft and by Eaft: And if he could
fail all the way clear to Azoff from Bar-
bardoes he muft fteer ftill much more to the
Eaftward : All which things fhew the miftake
of folving this Problem in this manner.
Perhaps this may be made yet plainer to
a Learner if we name two Places which
lic under the fame parallel of Latitude (viz.)
Madrid in Spain, and Pekin in China, La-
titude 40. Now thefe muft always bear
diretly Ealt and Weft from each other. But
if you bring Madrid to the Zenith, and ha-
ving fixt there your Quadrant of Altitude,
you bend it down to the Horizon, it will
not follow the Courfe of the 40t Parallel of
Latitude and lead your Eye to Pekin, butto
much more Southern Places very far diftant
from Pekin, and which have a very differ-
ent Bearing, (viz.) tothe le of Ceylon &re.
Upon this Account the beft Writers call
that the Augle of Pofition between two Pla-
ces, which is found by the Quadrant of Al-
titude thus fixt 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 Poznt of the Com-
pafs toward which any ‘Perfon muft conftant-
ly fail or travel in order to arrive at the dif-
tant
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" tant Place given. And without all doubt this
is the moft juft and exact account of things.

Now in order to find this, ’tis fufficient
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 Rbumb- Lines) pafles thro’ both
Places, that Line thews the Courfé or Bear-
ing from ome to the other, as the Courfe
from Cape St. Vincent in Portugal to Cas
Ifland among the Bahama Iflands is Weft
and by South.

If no Rhumb- Line pafs thro’ thofe Places,
then that Rbumb-Line to which thofe two
Places lie moft parallel, fhews their Bearing:
Thus the Courfe from Barbadoes to Cape
Finifterre is N. E. andby E. or thereabouts,

If the Learner has a Mind to fee the Rea-
fon why there muft be fuch a Difference
betwixt the Angle of Pofition between two
Places and their Cowurfé of Bearing to cach
other, I know not how to reprefent it up-
on a flat Surface plainer than by Fig, XXI.

Suppofe the four Cardinal Points, North,
South, Eaft and Wefl, are reprefented on
the Globe by the Letters N, S, W, E : Sup-
pofe three diftant Places are B Barbadoes,
C Cape Finifterre, and A Azoff. If the Sur-
face of the Earth were notr Spherical, but
a Plane, and the Meridians of thefe Places
were all parallel (as in that Reprefentation

I2 or
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or Projection of the Globe which is 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 4 # would be the Meridian
of the Place C (viz.) a ftrait Line and pa-
rallel to N S: Then the LineB C A would
be the Line or Rhumb of North-Eaft, (viz.)
45 Deg. 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 g C A
would be the fame with the Angle NB A s
and thus A would ftill bear North-Eaft
from C and from B *.

But the Earth being of a Spherical Figure
and the Mecridians 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 N C m; and
the Meridian of A is the Curve Line N A
Z ; all which meet in N the North Pole.
Now tho the ftrait Line B C A fhews the
Angle of Pofition between the three Places

aills

# And for this reaflon in thofe Sea- Charts where the Points
of the Compals or Rhumbs are drawn in ftrait Lines quite
thro’ the Chart, the Meridians or Lines of Longitude are all
made ftrait and parallel Lines: For if the Meridians were 3
httle curved as they are commonly in Maps the Rhumbs could
naot be drawn thro’ the Chart in ftrait Lines. See Sz, XI. Of
Sea-Charts, pag. 084

Bk,
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B, C and A, (as B ftands on the Globe at
the Zenith) yet the Line BC A does by no
means make the fzme Angles, or has the
[fame Bearing with the Curve Line N C
(which is the Meridian of C)as it does with
N S (which is the Meridian of B:) and it
ftill makes more different Angles with the
Curve Line N A Z (which is the Meridian
of A) _

Thence it follows that all the Rbumb-
Lines muft be Curves, except the Ezff and
Weft, and the North and South.

. The North-Eaff Line in this place muft
be B p x ftill gradually inclining toward rhe
feveral Meridians, that o it may make the
fame Angles with the Meridians N C zand
N AZ as it does with N B S.

But by this means you fec that to fteer or
travel ftill to the North-Eaff would bring
you down to p and x not to C and A.

You fee alfo that the Courfe you muft
fteer or travel to come to A will be repre-
fented by the Line B r A, which is much
necarer the Fgff Point.

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

Problem XI. Having the Day of the
Month given, to find the Sun's ‘Place inthe
Licliptick.

13 Find
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Find the Day of the Month in the Ca.
lendar on the Horizon, (cither 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 Sign, as on the
1ot of May Old Stile, the Sun is juft en.
tering into the fir/t “Degree of Gemini, Which
you may find in both the Globes on the E-
cliptick Circle ; and there you may alfo
compute the Longitude of the Sun from.
the Point Arzes if you pleale. |

Problem XII. The Day of the Month be-
ing given to find thofe Places of the Globe
where the Sun will be Vertical or in the
Zenith that Day. |

Find out the Sun’s Place in the Ecliptick
Circle ;s bring it to the Meridian 5 mark the
Degree overit; then turn the Globe round,
and all thofe Places that pafs under that
Degree will have the Sun in their Zenith
that Day. : '

Problem XIII. Fhe Day and Hour of the
Day at one place, (viz.) London being given,
to find at what other Place the Sun is Ver-
tical at that Hour. | '

' The Sun’s Place for that Day being brought
to the Meridian, and the Degree over it
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(2. e. the Declination) being obferved, bring
the firft place, 7. e. London to the Meridian.
Set the Hour Index tothe 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 ob-
ferved Degree of the Meridian has the Sun
at that Moment in the Zenith.

Problem X1V, The Day and Hour at one
place, (viz.) London being given, to find all
thofe Places of the Earth wherethe Sunis
them rifing, f[etting, or om the Meridian,
(which is calld culminating) alfo where it
s ‘Day-light, Twilight, or ‘Dark Night.

By the foregoing Problem find the Place
where the Sun is Vertical at the Hour given:
Redtifie the Globe for the Latitude of that
Place; bring that Place te the Meridian.

Then all thofe Places that are in the e/t
Semi-Circle of the Horizon have the Suz
rifing, for’tis 9o Degrees from their Zenith.

Thofe in the Eaff Semi-Circle of the
Horizon have it ferting, for 'tis 9o Degrecs
patt their Zenith.

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

To thofe who live under the oppofite Line
of Longitude or Lower-Meridian ’‘tis Mid-
wight, it they have any Night at that time.

" I 4 Thole
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Thofe Places that are above the Horizon
have the Sunm above their Horizon (o many
Degrees as the Places themfelves are. -

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

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

Problem XV. A Place being given in the
Torrid Zone to findthofe twol ays in which
the Sun [hall be Vertical there. g

Bring the Place to the Mecridian; mark
the Degree over it, which is its- Latstudes
move the Globe round and obferve thefe
two oppofite Points of the Ecliptick that
pafls thro’ the aforefaid Degree; fearch. on
the Wooden Horizon on what two Days the
Sun pafles thro’ thofc two Points of the E-
cliptick, for then the Sun at Noon will be
in the Zenith of the Place given.

. Problem XVI. A4 Place being given in
one of the Frigid Zones (fuppofe the North)
2o find when the Sun begins to depart from
or to appear onthat Place, how long he is
abfent, and bow long he [bines conftantly up-
on it.

Suppofe the Place given be the North;
Cape of Lapland 71 Degrees of Latitude.
Redtifie the Globe for that Place, or elevate

the Pole 71 Degrees; then turn the Globe
P till
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till the defcending part of the Ecliptick, the
Meridian and South Point of the Horizon
mcet together :  Thus the Ecliptick will
thew that the Suon toward the End of Scor-
pie (that is a little 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 fhew that about the
ninth or tenth Degree of Aguarius, that is,
after the middle of fanuary the Sun begins
to rife above their Horizen. Thus they are
at leaft two Months without the Sun in
W inter.

In like manner bring the afcending part of
the Ecliptick to mecer the Meridian in the
North Pointof the Horizon, there you will
find that the Sun begins to be entirely above
their Horizon toward the End of Taurus, or
nearthe beginning of May ; and if you turn
the Globe a little farther the defcending
Ecliptick will meet the Meridian and Hori-
zon in the North at the 8% or o™ Degree
of Leo or after the middle of Fuly: Thus
it appears that thole Laplanders will have
the Sun at leaft two Months above their Ho-
rizon in Summer, or two Months of com-
picat Day-light,

Problem
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Problem XVII. 7o find the Sun's Decli-
nation and Right Afcenfion any Day in the
Zear : Suppolc the tenth of May.

Find out the Sun’s Place for that Day, or
the beginning of the firlt Degree of Geminz
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 North-
ward.,

At the fame time the Place where the
Meridian cuts the Equator will fhew the
Right Aftenfion of the Sun, or its Diftance
from the Point Aries onthe Equator, (viz.)
so 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 $% which is s6 Minutes.

Note, That any Star's ‘Declination and
Right Aftenfion 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 1ot of March, and Southward in our
Wainter half-Year from the 12 of Septer-

ber.

- Problem XVIII. To reétifie the Globe for
the Sun's Place, any Day in the Year, and
thus to reprefent the Face of the Heavens
for that ‘Day.

3 Bring
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Bring the Sun’s Place found on the Eclip-
tick of the Globe to the Meridian; and at
the fame time fet the Hour-Index or Poin-
ter of the Dial to the upper 12, that is to
WNoon.

Note, When the Globe is thus reftified

for the Latitude of the particular Town or
City by Problem 7%, and for the Zensth of
it by Problem o, 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 exaét-
ly reprefents the real Face and State of the
Heayens for that Day.
. Here let it be obferved that this Pratice
does really reprefent the Face of the Hea-
vens only for that Day at Noeoz, (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 cuftom-
ary and ’tis {ufficient for Learners to make
this go for a Reprefentation of the Heavens
for all that Day, to perform any common
Operations,

Problem XIX. The Place and Day being
given, (Viz. May 10% at London) to find at
what Hour the Sun rifes or [ets, his afcen-
Sfeonal Difference, his Amplitude, the Length
of Day and Night,

| Redlify
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Rectify for the Latitude, and for the
Suw's Place, then bring the Sun’s Place
down to the Eaffern part of the Horizon,
and the Index will thew the Time of Sz
7ife on the Dial, (viz.) five Minutes after
four in the Morning. Bring the Sun’s Place
to the Heftern fide of the Horizon, and the
Dial will fhew the Hour of Sun fetting, (viz.)
five Minutes before eight at Night. -

Thus his Afcenfional Difference will ap-
pear, that is, how long he rifes or fets be-
fore or after {ix a Clock, which is one Hour
and 55 Minubes: oo lsos |

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

The Hour of the Suw'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 Length
of the Day, which will be 16 Hours want-
ing 10 Minutes. 7. e. 15 Hours so Minutes.

Problem XX. The Place and Day being
grven to find the Alitude of the Sun at any
given Hour.

Redify for the Latitude; for the Zenith
and for the Suw's Place: Bring the Qua-
drant of Alritude under the Meridian, and
it will meet the Sun’s Place in the Meridi-
an Altitude of the Sun that Day, and thus
fhew how high it is at Noon. Turn
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Turn the Globe till the Index point to
any other given Hour on the Dial, then ob-
ferve where the Sun’s Place is, bring the
Quadrant of Altitude to it, and it will thew
the Sun’s Altitude at that Hour: Thus May
1ot at London the Sun’s Meridian Altitude
will be a little above s8: Degrees, and at
9 a Clock in the Morning will be 432.

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

Reétify 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; bring the
Edge of the Quadrant of Alritude down up-
on it, and it will cut the Horizon in the
Azimuth of the Sun, or fhew what Point
of the Compafs the Sun is in. Thus May
10t at 20 Minutes paft 9 in the Morning,
the Sun's Azimuth will be about 60 De-
grees from the South toward the Eaft, that
is, near South Eaft and by Eaft.

Problem XXII. The Sun's Altitude being
grven at any certamn ‘Place and ‘Day to find
the Hour of the ‘Day, and alfo his Azzmwb

~ Rectify asbefore for the Latitude, the Ze-
sith and the Suw’s Place : Turn the Globe,
and move the Quadrant of Altitudes fo that

the
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Sun’s Place may meet the Degree of Alti-
tude given on the Quadrant, then the Izn-
dex will thew the Hour on the Dial ;s and the
Quadrant of Altitude will cut the Azimuth
on the Horizon. Thus May 10" in the
Morning, if the A/titude be near 46 De-
grces the Azzmuth from the South will be
60, and the Hour 20 Minutes paft o.

Here Note, That to find the Sun's Hour
or Azimuth by his Altitude, you thould ne-
ver feek it too near Noon, becaufe then
the Altstude alters o very little for two
Hours together.

Problem XXIIL When the Sun isdue Eaft
or Weft in Summer how to find the Hour,
and bis Altitude.

Redtify as before; then bring the Qua-
drant to cut the Laff or Weft 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 fhew
the Altitude, and the Index will point to
the Hour : Thus May 10t in the Afternoon
the Sun will be due Weft at about 56 Mi-
nutes paft 43 and its A/titude will be near
26 Degrees. This is called the Pertical
Altitude by fome Writers.

Thus if the Place and Day be known, and
either the Hour, the Azimuth or the Alti-
tude be given, you may eafily find the other
two. Problem
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Problem XXIV. To find the Degree of
the Depreffion of the Sun below the Hor:-
zom, or its Azimuth at any given Hour of
the Night.

Obferve the Place of the Sun, fuppofe
May 10™ in the firlt Degree of Gemini, then
feek his oppofite Place in the Ecliptick at
half a Year’s Diftance, (vzz.) 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 10tk of May at Night *,

Problem XXV. To find how long the
Twilight continues in any given Place and
given ‘Day, fuppofe the 10 of May atLon-
don both at Morning and Evening.

The Way to anfwer this Queftion is to
feck 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, The Reafon why we ufe the oppofite part of the
Globe to find the Degrees of Deprefion of the Sun, is be-
caufe the Wooden Horizonm is fo thick, that we cannot con-
veniently fee, obferve, or compute the Diftances of Depref-
fion from the Upper-Edge of it, which Edge is the true Re-
prefentative of the real Hirizen,

15
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is beft performed by fecking how long it
will be after Sum rifé or beftore Sun fér 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 15t 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. Zo éknow 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 North fide of the Equator,
and the firft Degree of Capricorn on the
South {ide: Allo remember that he enters
the firft Degree of Capricorn the thorteft Day
in all Places of the Northern Hemilphere,
and the firft Degree of Cancer in the South-
ern: Then re&tify the Globe for the Laf:z-
tude and Suw's ‘Place, and find the Hour of
Sun rzfing, which doubled thews the Length
of the Night: And the Hour of the Suz
fetting doubled fhews the Length of the
Day as in Problem XIX.

~ Problem XXVII.  The Declination and
Meridian Altitude of the Sun or of any
4 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 Norzh or South from
the Equator; 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 Altitude.
Then is the Pole elevated to the Latitude
fought. |

Thus where the Sun or any Star’s Mer;-
dian Altitude is s8: Degtees, and its ‘De-
clination 20 Degrees Northward, the Lati-
tude of that Place will be st: Degrees
North. Sce more ‘Problerme V11, VIII, IX.
Sect. XX.

Note, There are fome few Problewms
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 Exatnefs, yet f{ufficient for Demon-
ftration of the Reafon of them as follows.

Problem XXVIIL 7he Latitude of a Place
being given, to find the Hour of the Day
in the Summer when the Sun [bines. |

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

K Then
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Then re&ify the Globe for the Latitude,
and the iron Pin of the Pole will caft a
Shadow on the Dial and thew the #rue
Hour. For when the Globe is thus placed,
the Dial Plate with the Pole in the Centre
of it is a true Equinoctial Dial for our Sum-
mer Half-Tear, when the Sun is on the
North {ide of the Equator.

The fame may-be alfo done in the #m-
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 Dial ‘Plate is a pro-
per Eguinottial ‘Dial for the Winter Half-
Year: But this is not fo commodioufly per-
formed, though the Reafon of it is the
fame as the former.

Problem XXIX. 7o find the Sun's Aiti-
tude when it (hines, 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 calt no Shadow ;
for then it Points exaltly to the Sun and then
the Arch ofrthe Meridian between the Pole
and the Horizon thews the Suw's Altitude.

Problem XXX. The Latitude and ‘Day of
the Month being given, to find the Howr of
the Day whenthe Sun [bines.

I Let
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Let the Globe ftand on a Level, and the
Meridian due North and South; re&ify the
Globe for the Latitude 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 direétly toward
the Sun, and caft no Shadow; 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 mever fet
in that ‘Place.

Reétify the Globe for the Latitude ;s 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 rile not above the Hori-
zon of the Globe during its whole Revo-
lution, they never rife in the Place given,
nor are ever {een by the Inhabitants thereof':
So the /ittle Bear, the “Dragon, Cepheus,
Caffiopea and the grear Bear never fet at
London, and many of the Southern Conftel-
lations never rife.

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

K2 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 :
Re&ify it for the Latitude, and for the
Suw's ‘Place ; then turn the Globe till the
Index points to the given Hour. Thus cve-
ry Star on the Globe will exaétly anfwer
the Appearance of the Stars in the Heavens s
and you may fee -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 Offober 13™ at 10 a Clock
at Night the glorious Conftellation Orzon
will appear on the Eaft fide at London, the
Star Regel in the left Knce (or Foot) of
Orion juft above the Horizon, the zhree
Stars in his Girdle alittle higher, ¢»ec. 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 Contftella-
tions, and the more remarkable Stars in each
Conftellation.

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

Problem XXXIIL. Any Star on the Meri-
dian being given, to find the Hour of the
Night.

In order to find what Stars are wpon 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 Lzne
pointing exaltly to the North and South:
Then fet up a broad fmooth Board of 20
or 24 Inches high and 8 or 10 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 ca-
fily obferve what Stars are on the Meridian,
either North or South at that Time *.

Having found what Star is on the Meri-
dian, re&ify the Globe for the Latitude,
and for the Swuw’s Place that Days then
bring the Centre of the Star which is on
the Mecridian in the Heavens to the Edge
of the brazen Meridian of the Globe; and
the Index will thew zhe 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
Seét. XX. Prob. XXII. dre.

* Nste, To fet the Board perpendicular and convenient,
tis fit to haye a foot made to it behind, that it may ftand
firm. And let a ftrait Line be drawn from the top to the bot-
tom of the Board, thro’ 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
play loofe in a Hole near the bottom to keep it perpendicular.
Then the Thread hanging almoft clofe to the Board will direét
vour Eye to the Stars on the Meridian,

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

The Method T juft before propofed will
calily find the Azimuth of any Star. Set
this tall flac Board perpendicular on the
Window with one End of it upon the Ae-
ridian Line drawn there, fo as that your
Eye may juft {fee the Star in the very Edge
of the Plane of this Board ; thenaLinedrawn
on the Window by the Foot of the Board
wiil crofs the Meridian Line in the zrue
Angle of its Azimuth, or its Diftance from
the North or South.

Having found the Azimuth of the Star,
rectify the Globe for the Latitude and for
the Sum's Place as before; redtify it alfo
tor the Zenith, 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 isin the Me-
ridian, and what is its Azimuth at any Time.

Problem XXXV. The Altitude of a Star
being 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,
yvou muft never choofe a Star that is too
near the Mcridian ; becaufe for almoft two
Hours together the Altitude varies very lit-
tle when it is near the Meridian,

Reétify the Globe as before for Latitude,
Zenith and Sun’s ‘Place ; move the Globe
and rhe Quadrant of Altitude backward or
forward till the Centre of that Star mect
the Quadrant of Altitude in the Degree
of Altitude which is given, then the Index
will point to the true Houwr.

Note, Thefe three laft Problems being
well underflood will fhew you how to find
at what Hour any Star will rife or fet any
Day of the Year; what Srars arc 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 Degrce con the Quadrant is the Star's
Latitude; and the Degree cut by the Qua-
drant on the Ecliptick is the Star's Longi-
tude. Thus the Latitude of Aréfurus is 3t
Degrees North: Its Longitude is 200 De-
grees from the point Aries or 20 Degrees
from Lzbra. The Latitude of Szrius or the
Dog-Star is near 40 Degrees of South La-
titude, and its Longitude is about roo De-
grees from Aries or 10 Degrees from Can-
cer.

- To find a 8tar's Right Afcenfron and De-
clination, {ec Problem XVII. for it is done
the fame Way as that of the §uz; only ob-
ferve this Difference, that the S#z changes
both his Right Afcenfion and his Declinati-
on every Day, whereas the fixt Szars 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 fame Longitude
and Latitude, as well as the fame Right Af-
cenfion and ‘Declination* ; but the Planets
arc ever changingall thefe, and the Learner

* The infenfible Change of the Longitude, Right Af
ct:‘nﬁlr.-n, and Declination of the fixt Stars, made by theit flow
%flir,uen patallel to the Ecliptick 1s not worth notice in this

ace, o

can
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can know none of them but by fome Al-
manacks which are called Ephemerides, or
Tables which are calculated on Purpofe to
fhew the Longitude and Latitude, or the
Place of the feveral Planets among the

twelve Signs of the Zodiack every Day in
the Year.

Problem XXXVIIL. 70 find the Place of
any ‘Planet on the Globe: Alfo to find at
what Hour any Planet , (fuppofe Jupiter)
will rife or fet, or will be ity:m the Meridi-
an any given ‘Day of the Tear.

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

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

in
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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 direét to folve all others of the
fame kind thar relate to the Plancts. On
the 34 of April 1723 1 find by an Ephewnie-
ris that the Sun is about the End of the 2 3d
Degree of Aries, Fupiter enters the 8 De-
gree of Capricorn and (if I would be very
exait) I obferve alfo that the Latitade of
Fupiter that Day is 15 Minutes or a quarter
of a Degree to the North: There 1 make
a mark or put on a fmall black Patch on
the Globe to ftand for Fupiter. Then hav-
ing re&ified the Globe for the Latitude v. c.
of London, and for the Sun's Place, April
the 34, I turn the Mark which I made for
Fupiter to the Eaftern Edge of the Horizon,
and 1 find Fupiter will rife near the South
Eaft at a lictle palt one in the Morning:
He will come to the Meridian at a very lit-
tle paft five: He will fer near the Souzh
Weft about nine in the Morning.

Then if I reify 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 Azzmuth 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 pre-
cife Hour and Minute of her rifmg, [etting,
fouthing, &c. upon the Globe without much
more trouble than moft of the other Planets
will give you, which change their Placcs
in the Zodiack much more {lowly.

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

By the 13t Problem find out at what
Place the Sun is vertical at that Hour of the
Day. DBring that Place to the Pole or ver-
tical Point of the Wooden Horizon, that is,
rectify the Globe for the Latitude of that
Place 5 then the Globe being in that Situ-
ation, obferve what Places are in the upper
Hemifphere, for if it be a large Eclipfe the
Sun will be vifibly eclipfed in moft of them.

Problem XXXIX. The Day and Hour of
| @
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a Lunar Eclipfe being known, to find by the
Glote all thofe Places in which the [ame
will be vifible.

By Problem the 13th find as before at
what Place the Sun zs vertical at that Hour;
then by Problem the 4th find the Antipodes
of that Place: Rectify the Globe for the
Latitude of thofe Antzpodes ; thus they will
be in the Zensth, or in the Pole of the Ho-
rizon ; then obferve as before what Places
ate in the upper Hemifphere of the Globe,
for in the moft of thofe Places the Moon
will be vifibly eclipied.

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

B B T

Problems relating to Geography and Aftro-
nomy to be perform'd by the Ufe of the
plain Scale and Compafles.

T is fuppos'd that the Reader is already

acquainted with fome of the firft and
caflicft Principles of Geometry, before he can
read with Underftanding this or any other
Treatife of Affronomy or Geography; and
it is prefumed alfo that he knows what isa
Chord, a Tangent and a Sime, and how to
make and to meafure an Angle cither 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 Sc&ion; 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, oxr Azimuth
of the Sun, and in order to obtain thefe,
we fometimes ufe a Pin or Needle fixed
perpendicularly on an upright or Horizon~
tal Plane; therefore the firff Problem 1 pro-
pofec fhall be this, (viz.)

Problem 1. How 7o fix a Needle perpen-
dicular on a Plane, or to raife a perpendi-
cular Style or ‘Pointer in order to make Ob-
[ervations of a Shadow.

Note, Any thing fixed or fet up to cafta
Shadow is called a §tyle.

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

Note,If you have alittleSguare made of Box
or any hard Wood, one Leg being fix, or the
other eight or nine Inches long, one Inch or
13 broad,and an Inch thick,with a Thread and
‘Plummet hanging from the End of oneLeg,

I down
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down toward the Place where the other Leg
is joyned, 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
Needle traly perpendicular 5 but it will alfo
di{cover whether any Plane be truly {mooth,
and be Horizontal or Level, as well as whe-
ther any wpright Plane be exaltly perpen-
dicular to the Horizon.

Such a Square will allo be very ufeful in
the pradtice of any Geometrical Problems
by drawing one Line perpendicular to ano-
ther with the greateft eafe. |

Another Way to fix a Needle perpendi-
cular to any Plane, is this; Defcribe a Cir-
cle as @, 0, 4, b, in Fig. XV. Fix a Needle
s p in the Centre p, then meafure from fc-
veral oppofite parts of it as &, o, 4, b, to
the tip of the Needlc, 5, and faften the
Needle o as that the tip, s, thall be at equal
Diftance from all thofc Points, then it 1s
truly perpendicular.

Note here, That in moft of thefc Prac-
tices where a perpendicular Needle is re-
quired, the fame End may be attain’'d by a
Needle or Wyre firait or crooked, which
may be call'd a §#yle, fct up floping at
Random as in Fig. XVI. without the Trou-
ble of fixing it perpendicular, if you do but
find the Point p on the Plane, which lics

perpendicularly under the tip of the Style
5.-?
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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 Prac-
tices in Dialling by Shadows, which require
great Exactnefs.

But take motice here, that if you ufe this
Method of a §zyle fet up floping at random
as in Fig. XVI. then with your Compafles
you muft meafure the Diftance from the
tip of the Style s to the point p, and that
Diftance muft be counted and ufed as the
Length of the perpendicular Style sp in
Fig. XV. wherefoever you have Occafion
to know or ufe the Length of it.

Olferve 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 exadtly, 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
is low, or in Winter, becaufe the Shadow
is long ; but in the longeft 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
fhould never be above fix Inches diftance.

After
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After all, If you have frequent Occafion
~ for a perpendicular Style to obferve a Sha-
dow by it, I know nothing eafier than to
get a fmall Prifin of Wood, or Ivory, or
rather of Brafs, {uch as is defcribed Fig. X VII.
Let the Bafe 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 asyou wantthe Shadow
to be cither longer or fhorter, in Summer or
in Winter.

- If you fet it upon the Sguare fide ABD
O, your perpendicular Style will be BC
ot OE; then C is the tip of the Style and
B marks the Point on the Plane. If you fet
it on the Square fide BC OE as it ftands in
the Figure, then AB, or DO is your per-
pendicular Style. Or if you fet it on its
Triangular Bafe ABC, then either AD,
or BO, or CE will be your perpendicular
Style.

This little plain Prifim has thefe great
Advantages in it, (vzz.) That you can fet it
up in a moment on a perfectly fmooth Plane,
and you are fure it is 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 marked

its
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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 exaétly inthe {ame
Pofition again. -

Problem II. How to take the Altitude
of the Sun by a Needle fix'd on an Horizon-
tal ‘Plane, or by any perpendicular Style.

In all thefe Praltices be furc thar 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 Lewel.

You muft apply this Inftrument or Square
not only to one part but to every part of
the Plane, wherefocver you can imagine
the Shadow will fall, to fee if it be pre-
cifely Horizontal or Level: For a very
fmall Variation from the Level will caufe
a 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 fixt by the Common Work
of Carpenters fufficiently Level for a juft
Obfcrvation in Aftronomy or Dialling.

Fix your perpendicular Style P S, as in
Fig. XVIII. obferve the Point of Shadow
C caft from the tip of the Style S: Draw P
C: Then take the Height of the Stile P S
in your Compafles; fet it perpendicularly
on P C; draw the Line SC on the Plane,

L and

J‘
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and the Angle Cisthe Sun's Altitude, (viz.)
35 chrees

Here it is evident that if you fuppofe &
the Centre and CP to be the Radius, then
PS is the Zangent of the Altitude 35 De-
orees; for it meafures the Angle C or the
Arch PA. Butif you make S the Centre,
and fuppofe SP to be the Radius of a Circle,
CP is the Zangent of the Coaltstude of the
Sun, (fuz'/ ) s5s Degrees; for ’tis that Tan-
gent which meafures the Angle S or the
Alch PE.

Hence it will follow that if you fix a per-
pendicitlar 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 PS, beginning at
P toward C, and make this Line of Tan-
gents moveable round the Centre P, the
Shadow of the Stile will fhew you the Coa/-
titude of the Sum at any time on that move-
able Scale of Tangents.

Or if the Scale of Tangents P C be di=
vided on the immovable Horizontal Plane
it felf, and you defcribe concentric Circles
on the Centre P thro’ cvery Degree of that
Scale, the Shadow of the tip of the Style
will fhew the Coaltitude among thofe Cir-
cles; for they will exattly reprefent the Pa-
rallels of Altitude in the Heavens.

. Nﬂft‘?, This is defcribed thus particularly
- rather
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- rather for “Demonfiration than Ufe, becaufe
when the Sun is low the Shadow P C will
be extended many Feet or Yards.

Problem I1I. To take the Altitude of the
Sun by a Style om a perpendicular or upright
Plane.

Fix your Style AB perpendicular to a flat
Board as Fig. XIX. Raife your Board exad-
ly upright, and turn it to the Sun, fo that
the Shadow of the Style AD may be caft
downward directly perpendicular from the
Centre A inthe Line AQ. Then take the
Length of the Style AB in your Compafies,
and fet it on the Board at right Anglesto the
Line of Shadow, from A to B: Draw the
Line BD; andthe Angle ADB fhall be the
Suw's Coaltitude, (or Zenith Diflance as
‘tis fometimes called) (vzz.) 55 Degrees:
The Tangent of which is AB to the Ra-
dius D A, and the Angle ABD (which is
the Complement of it) or 3s54. fhall be the
Sun's Altitudes the Tangent of which is
AD to the Radius B A.

Or to make this more evident, draw the
obfcure Line DO parallel to AB. 7z e
Horizontal, and the Angle BD O will plain-
ly appear to be the Angle of the Sun's Al
titude 35 Degtees,

Hence it will follow that if the Line A D
be prolonged to Q and divided according
. L2 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 AB turn’d di-
reétly 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 Moveable Columns
or on Walking Canes, which fhew 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 wpright Plane, and a per-
pendicular Style fixed on it. Dut none of
thefc Ways of taking an Altitude by the
Point or End of the Shadow are the moft
commodious and exa& for common Ufe :
1 have chicfly mentioned them to lead the
Learner into a more familiar and perfed
Acquaintance with the Nature and Reafon
of thefe Operations.

If no regular Inftrument be at Hand to
vake the Swirs Altitude, 1 prefer the follow-
ing Method above any others.

Problem 1V. To find the Sun's or any
Star's Altitude by a plain Board, Thread
and ‘Plummet.

Take a f{mooth flat Board as o p ¢

which
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which is at leaft 8 or o Inches broad e-
very Way, {ce Fig. XX. Mark two Points
on it as #c at leaft at feven or eight Inches
diftance, and draw that Line. Fix a very
fhort Pin at ¢ perpendicular which may
be done fufhciently true by guefs. Hang
a Thread and Plummet on ir. Hold up
the Edge of the Board to the Sun till the
Shadow of the Pin be caft all along the
Line @c. Obflerve where the Thread falls;
mark a Point in it as at & ; draw the Line
de, and the Angle acd is the Comple-
ment of the Sum's Altitude: Or you may
draw the whole Quadrant zce, and then
the Angle dceis the Sun's Altitude. Now
if the Arch de 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 which is held next to the Sun,
(viz.) ce. The Co-altitude from the fide ca.
Note farther, That the Suw's Altitude
fhould fcarce ever be taken within half
an Hour of Noon for any other Purpofes
befide the finding of the Merzdian Altitude ;
becaufe for an Hour together the Altitude
then increafes or decreafes fo very little, the
Sun being then near the Middle of its di-
urnal Arch.
Take Notice alfo that when the Sun is
near the Horizon it appears higher than
| P | rtallf
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really it is by reafon of the Refraition or
breaking of its Rays in pafling through a
larger Space of Atmofphere or thicker Air.
When the Sun is one Degree high its Re-
fraction caufes it to appear ncar half a De-
orec higher than it is. At two Degrees
high the Refraéfionis 20 Minutes, at three
Degrees the Refraétion is 15 Minutes, at
five Degrees the Refmaition is 10 Minutes,,
at 1o Degrees the Refrattion is five Mi-
nutes. You muft therefore allow propor-
tionably by dedu&ting fo much from the
apparent Altitude when you make an Ob-
fervation near Sun-rife or Sun-fet.

Noze again, That the heavier your Plum-
met is the more fteady it will hang, and
make the Obfervation more exact.

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 per-
pendicular at #, and fixing your Eye at «
bring both the Pins #and ¢ juft over the
Star; then the Thread will hang ({uppofe)
on the Point &4 in the Arch, and thew the
Degree or Angle of Altitude to be dce. .

Pro-



Se&t. 20.  Geoagraphy and Affronomy. 153

Problem V. To obferve the Meridian
Altitude of the Sun or its Height at Noon :
And by the fame Method 2o find any Star's
Meridian Altitude.

If you know exaétly when ’tis Noow,
take the Altitude of the Sum by any In-
ftrument 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 before Noon ob-
ferve and fet down the Altitude every four
or five Minutes till you find it begins to
grow a little lefs, then review your Obfers
vations, and the greateft Height was the
truec Meridian Altitude.

You may by the {ame Method find the
Meridian Altitude of any Star above the
Horizon, if you make {everal Obfervations
when the Star is coming near to the North
or South Part of the Meridian.

Problem VI How to find out the De-
clination of the Sum, or of amy large or
known Star.

It you know the Latitude of the Place
where vou are, with the Meridian Altitude
of the Sun any Day in the Year, or if you
know the Sum's Place in the Ecliptick you

L 4 may
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may find the Declination of the Sun there-
by Geometreically as fhall be fhewn 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, cither by the Globe 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 exatly to
cvery 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 woted Stars. Thefe
arc all the Year at the fame Diftance from
the Equator, and their ‘Declination does not
vary, as the Su#'s does,

Thefe Tables of the Sun’s and Stars De-
clination are found at the End of thisBook,
Se&. XXI.

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

Pro-
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Problem VII. To find the Latitude of
any Place by the Meridian Altitude and
Declination of the Sun amy Day in the
Zear.

The Way to find the Latitude of any
Place (z. 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
Latitude, or (which is all one) the Elevati-
on of the Equator above the Horizon of
that Place. Suppofe the Day given be the
11th of Fume, or the Summer Solftice.

This may be done by looking back to
Figure 11I.  Firft, Draw the Line HO for
the Horizon, and from the Centre C raifle
a Perpendicular C Z to reprefent the Zenith.
Make the Semicircle HZ O for the Meri-
dian: Then fuppole 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 being 233 Degrees Northward, fet 23
from S downward, and it will find the Point
E, and the Arch HE is the Altitude of the
Equatorabove the Horizon, or the Colatitude
of the Place, (v7z.) 385 Degrees: Thence you
find the Latitudeis EZ or s 13 Degrees which
completes a Quadrant. Then if you draw
the Linc E C it will reprefent the Egua-
for in that Scheme, Sup-
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Suppofc you take the Meridian Altitude
of the Sun on cither of the Equinoctial
Days, (viz.) in March or September, and
you find it to be 383 Degrees: Set up 38z
from H to E, then the Sun having no
Declination the Meridian Altitude its felf
thews you the Height of the Equator a-
bove the Horizon, which is the Complement
of the Latitude.

Suppofe the Meridian Altitude of the Sun
at the fhorteft Day be 15 Degrees; fet up
15 from HtoV: Then the Sun's ‘Declina-
zion is 235 Degrees Southward ; therefore
fet 231 from V upward, and it finds the
Point E: And the Arch H E is the Cosmple-
ment of the Latitude as before, (viz.) 387
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 Altitcude, and it will find the
Equaior's Height above the Horizon. In
Winter fet your Declination #pward 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 this Place to recol-
le@ what I have already demonftrated in
Seition V. Figure 1V, that the Latitude of
any Place (thac 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 Elevar:-
on of the Equator above the Horizon of that
Place on one fide as E H (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 Lat:-
tude ({uppofe of London) be EZ or P O
s1%, the Colatitude P Z or HE will be 38%,
~ for it muft complete a Quadrant or 9o De.
orees; and therefore if you fet the Point P
51+ 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
fhew the Reafon of this Praltice; but this
Problem of finding the Latitude by the Me-
ridian Altitude is much eaficr performed
Arithmetically thus.

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

In the Summer Half-Year fubftract the
Sun's “Declination from the Meridian Alti-
tude and it gives the Colatitude.

3 Example,
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Example, Fune 11t
Merid. Alt. H S— 62

Sun's Declin. E S — 23+

Subfiraét

Colatitude H E — 33+

December 11th
Merid, AR P HIV 1% s
Sun’s Declin. E Vw231

Colatitude H E — 38*

LT,

Then if you Subftra® the Colatitude
from the Zenith or 9o, you find the La-
titude, as,

Zenith LB o 00
Colatitude HE —38%

ubfiraét

r

o

Latitgde B Z'— s1E

=

After all it muft be obferved here that
all thefe Problems of finding the Latitude
of the Place by the Sun’s or Stars Meridian
Altitude ¢¢. belong chiefly to thofe Places
which lie within the ZTemperate Zones. 1f
the Place lie in the Torrid or Frigid Zones,
thefe Methods of Solution are good when
the Meridian Sun is on the fame fide of the
Zenith with the Equator, whether North

3 of
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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 project a
Scheme for'the Solution of fuch an Enquiry
like Fig, III. the very Reafon of things will
fhew you when you muft Add or Subftract.
Problem VIIL. To find the Meridian Al-
titude of the Sun any ‘Day of the Year, the
Latitude of the place being given.
This is but the Conver(c of the former
- Problem and therefore is to be performed
the contrary Way, (vzz.) in Winter fub-
ftratt the Declination V E from the Equi-
noitial Altitude or Colatitude HE, and the
Remainder is H V the Meridian Altitude.
In Summer add the Declination E S to
the Equinoitial Altitude, or Colatitude HE,
and it gives the Meridian Altitude H S.
The Meridian Altitude at the Equinoxes
is the fame with the Colatitude as before.

Problem 1X. o find the Declination of
the Sun, its Meridian Altitude and the La-
titude of the Place being given.

It is hardly neceflary to defcribe this
Praltice to thofe who have perfedtly learnt
the two foregoing Problems.

Subftrai? the Colatitude H E from the
Meridian Altitude in Summer H S, and the
Remainder is the Suw's Summer Declina-
tion E S.

Sut-
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Subffract the Meridian Altitude in Win-
ter HV from the Colatitude H E, and the
Remainder is the Sun's Winter ‘Declination
BV

Or infhort, if the Meridian Altitude and
Colatitude be given, fubftract the lefs from
the greater, and the Remainder is the Sun's
Declination.

Problem X. Zo find the Latitude of a
Place by the Meridian Altitude of a Star,
when ’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) fubftract the Declina-
tion from the Meridian Altitude, and it
gives you the Colatitude.

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

Note, When I fpeak 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 Britaimn.

When the Star is on the North Merid;-
an {ee how to find the Latitude by it in
Problem XXXII.

Problem XI. By what Methods is the
Longitude of Places to be found. Tho'
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Tho' the Latitude (which lies North-
ward and Southward) may be determined
with the utmoft Certainty by the Methods
beforc propofed, yet the Lomgitude of a
Place (which is the Diffance of any two
Places from cach other Eaffward or Wefi-
ward) is very hard to be determined by
the Sun or Stars, becaufe they always ap-
pear moving round from FEaff to Weft.
The Longitude therefore of Places is ufually
found by meafuring the Diftance on Earth
or Sca from /Veft or Eaft.

The Map-Makers who defcribe Counties,
Provinces or Kingdoms meafure the Diftan-
ces on the Earth by an Inftrument made
on Purpofe, with a /#heel fo contrived, that
a certain Number of its Revolutions is e-
qual to a Pole, a Furlong, or a Mile; it
hath alfo a Mariners Compafs and Needle
touch’d with a Load-Stone faftned to it, to
fhew how much their Courfc varics from
the North or South.

In this laft Age they have alfo invented
a Way to find the Difference of Longitude
between two Towns that are {ome thou-
fands 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 Mathematici-
ans at thofe diftant Places : And thus by
the Difference of Time in thofe Eclipfes

1 they
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they compute the Diftance of Place.

This Invention is ftill further improved
by Obfervations of the Eclipfes of the four
Moons or little fecondary Planets, which
roll round the Planet Fupzter as our Moon
does round our Earth: By thefe Means
the fuppofed Diftances of fome Places in
the Eaft and Weft-Indies have been alter’d,
and the Miftakes of feveral hundred Miles
corrected.

The Sailors meafure it at Sea by the Log,
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 @ Minute;
and fuppofing the Circumftances of the
Wind and Water to be the fame, they com-
pute thercby how far they have fail'd sz
fome Hours. But this being a very uncer-
tain Way of reckoning becaufe of the con-
tinual Changes cither of the Scrength or the
Point of the Wind, or Current of the Wa-
ter, they are often liable to Miftakes. There-
fore it has been the famous and folicitous
Enquiry of thefe laft Ages how to find out
and alcertain Longitude at Sea; and there
is fo vaft a Reward as twenty thoufand
Pounds offered by the Parliament of Great-
Britain to any Man who fhall invent a Me-
thod for it, which'fhall be plain, cafy and
pradiicable at Sca. Pro-
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Problem XII. 70 find the Value of a ‘De-
gree of a greater Circle upon the Earth, or
how much it contains in Englifb Meafure.

Here let it be noted, that one Degree of
a greater Circle on the FEarth anfwers to
one Degree of a greater Circle in the Hea-
vens. It is true the heavenly Circles are
incomparably larger than the Circumference
of the Earth; and they are alfo larger than
cach other according to the different Dif-
tances of the Planets and Stars; yet every
Circle (whether greater or leffer) is divided
into 360 Degrees, and therefore tho’ Circles
differ never fo much in Magnitude, yert,
when they are {uppos'd to be concentrical,
(2. e. to have the Centre) every fingle Degree
of cach Circle is correfpondent to a fingle
Degrec of all the other Circles.

Now that a Degree of the Heavens thus
anfwers to a Degree onthe Earth is very evi-
dent ; for if we travel on Earth or fail one De-
gree Northward ox Southward on the fame
Meridian, we fhall find by the Sun or the fixed
Stars in Heaven that our Zenith is juftaDegree
altered, our Latitude is changed one De-
gree, and our Pole is one Degree more or
lefs elevated, (vzz.) more elevated if we go
toward the North, and lefs elevated if we
gotoward the Souzh. By f{uch Experiments
as thefe Philofophers infer alfo that the
Earth is a Globe and not a plane Surface.

M Where-
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Wherefore zo find the Value of a De-
gree on a greater Circle of the Earth, you
muft travel direCtly in the fame Meridian,
meafuring your Miles all the Way, till your
Latitude be alter’'d one Degree; and then
(if you have been exalt in your Meafure)
you will find that you have travell'd about
7o Englifh Miles ; tho' Geographers often
reckon 60 Geographical Miles to a Degree
for greater Eafe in Computation, as I have
faid before.

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

Having found the Value of one Degree
to be 70 Miles, multiply that by 360, and
it produces 2 5 200 Miles for theCircumference.

The Diameter isin proportion ro the Czr-
cumference at 11310 355, Or as SO tO 157,
or in more brief and vulgar Account as 7
is to 22, which will make the ‘Diameter
of the Earth to be abour 8ooo Miles.

Maltiply the Circumference by the Dia-
mcter, and that Produ& thall be the Sguare-
Feer, Furlongs, Miles, &c. of the Surface.

Mulriply the Surface by the fixth part of the
Diameter, and that will give the (0/id Content.

Note, That Geographers differ a little in
the Computation of thele Meafures, becaufe
they differ in the Mcafure of a fingle De-

gree :
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gree: And that is becaufe of the Crooked-
nefs and Inequality of any Road that you
can travel for 70 Miles rogether : The jufteft
Mcafurers have made 69+ Miles go to a
Degree, or the round number of 70 Miles.

Problem XIV. 7o find the Valueof a De-
gree of a leffer Circle onthe Earth, i.c. the
Value of aDegree of Longitude onthe leffer
Parallels of Latitude.

I have mentioned it before under the
1114 Prob. of the 19 SecZ. that all the De-
grees marked on the Equator, or on any of
the Meridians are 70 Miles, becaufe all thofe
Lines are Great Circles 5 yet in the Parallels
of Latitude, the further you go from the
Equator, the Circle 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 ftill
nearer to the Pole, it will not make fo
many Furlongs ot Feet.

To find therefore the true Value of a De-
gree {uppofe in the Parallel of Latitude of
Londor 51+ Degrees, ufe this Method. Fig.
XXII. Make a ftrait Line A B to reprefent
one Degree in the Equator, divide it into
60 Geographical Miles, or into 70 Englifh
Miles, all equal: Set the Foor of your
Compafles in A, defcribe an Arch from B

M 2 to C
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to C of s1% Degrees, then from the Point
C let fall a Perpendicular to D, and AD is
the Meafure of a Degree of Longitude in the
Parallel of London, (viz.) about 43X Miles,
. The Demonftration of it may thus be
explained. Prolong the Arc B C and com-
pletec the Quadrant E A B, Then E fhall
reprefent the North Pole: E A the North-
ern Half of the Axis of the World, A B
the Semidiameter at the Equator, and N C
the Semidiameter of the Parallel of Lati-
tude for London. Then Arithmetically, if
the Line A B (fuppofe 1000 equal parts) al-
low 70 Miles for a Degree, what will N C
(z.e. about 621 equal parts) allow ? Anf. 43%.

Or Trigonometrically thus, A B is the
whole Sine of 90d. or Radius. N C is the
Sine of the Colatitude 384.. Then fay, As
A B or the Sine of 904 is to 70 Miles, {o is
N C or A D the Sine of 184- to 43* Miles.

Note, This Diagram or Figure will thew
the value of a Degree of Longitude in any
Parallel of Latitude, if from cvery Degree
in the Arc E C B 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 thew the Miles con-
tain’d in one Degree of Longitude under
any Parallel of Latitude whatfoever.

Having fhewn in former Problems how

to
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to take the Meridian Altitude of the Sum,
and thereby to find the Latitude of any
Place on the Earth, I think it may be pro-
per now to fhew 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 Erec-
tion of this Scheme (and fometimes of alit-
tle Part of it) will folve a varicty of Affro-
nomical Problems, as will appear hercafter.

Problem XV. To ereét the Analemma, or
reprefent the Sphere in [trait Lines for the
Latitude of London g1 Degrees.

Firft, It is fuppofed you have a Scale of
Chords at Hand, or a Quadrant ready di-
vided into 9o Degrees. Take the Extent
of 60 Degrees of the Line of Chords in
your Compaffes, (or which is all one) the
Radius of your Quadrant, and defcribe the
Circle N Z EH S Q fora Meridian both
North and South as in Figure XXIII. (viz.)
N E S, 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 90 Degrees dif-
tance from H and O mark the Points Z and
D for the Zenith and Nadir; then draw the
Line Z D which will crofs H O at Right
Angles, and will reprefent the Adzimuth of

M 3 Eaft



168 The firft Principles of  Sc&. z0.

Eaft and Weff 5 as the Semicirle ZO D re-
prefents the North Azimuth, and ZH D
the Souzh.

Above the Horizon O mark N for the
North Pole elevated 51+ Degrees : Thro’ the
Centre C draw the Line N S for the Axis of
the World ; which Line will alfo reprefent
the Hour Circle of fix a Clock, being at 9o
Degrees diftance from Noor and Midnight.
S will ftand for the Sourh Pole, depreft as
much below H the South fide of the Hori-
zon, as N the North Pole is raifed above O
on the North fide of it.

At 90 Degrees from N mark E and Q.
on cach {ide; then crofs the Axis of the
World N S with the Line E Q at right
Angles, which reprefents the Eguator. Thus
E will be oo Degrees from N the North
Pole, 515 Degrees from Z the Zenith, which
is the Latitude, and it will be 38% Degrees
above H the Horizon which is the Com-
plement of the Latitude.

At 232 Degrees from E on each fide
mark the Points M and W; then parallel
to the Egquator or E Q draw the Line M
Sg for the Tropic of Cancer, and the W V¢
for the Tropic of Capricorn. After that, thro’
the Centre C draw M W which is the E-
cliptick: It cuts the Equator E Q in C,
and makes an Angle with it of 2 3% Degrees.

From the Points N $ mark p and x+ on

& cach
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cach fide at the Diftance of 23} Degrees,
2 p arc the Poles of the Ecliptick, and the
Lines p ¥ and x p being drawn are the two
Polar Circles,(viz.) the Aritic and Antariic.

Thus the Analemma is completed for all
general Purpofes or Problems.

The further Obf{ervablesin it are thefe,(vzz.)

M is the Sun's Place in the Ecliptick
when it enters Cancer at the Summer Sol-
ftice: And the Arc E M is its North De-
clination 234 Degrees.

C is the Sun's ‘Place in the Ecliptick en-
tering Aries or Libra at the Equinoxes:
And then it has no Declination.

W is the Sun's Place in the Ecliptick
entering Capricorn at the Winter Solftice :
And the Arc W Q_or (which is all one)
EW is its South Declination 231 Degrees.

The Line M & is the Suw's ‘Path the
Longeft Day, or at the Summer Solftice;
it is at S at Midnight; it rifes at R it is
at fix a Clock at 6; it is in the Ealt Azi-
muth atV ; it is on the Meridian at M that
Day, and the Arch M His its Meridian Al-
titude, (vzz.) 62 Degrees.

The Line E Q_is the Sun’s Path on the
two Equinttial ‘Days at Aries and Libra s
it is at Midnight at Q; it rifes at C, and
’tis in the fame Moment at the Eaft, and
fix a Clock; for on the Equino&tial Days
Z D the Azimuth of Eaft and Weft, and

TN NS
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N S the fix a Clock Hour Line both mect
at C in the Horizon H O, which never
happens any other Day in the Year: Then
the Sun goes up to E at Noon; and EH
is the Arch of its Meridian Altitude at the
Equinoxes, (viz.) 382 Degrecs.

W W is the Sun's Path the Shorteft Day,
ot at the Winter Solftice 5 it is Midnight at
V& ; it is 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 Ho-
rizon; it is Noon at W, and its Meridian
Alritude is W Hor 15 Degrees.

The Sun’s Afcenfional ‘Difference (that is,
its Diftance from fix a Clock at its Rifing
or Setting) in the Summer Solltice is the
Line R 6, and at the #Zuter Solftice ’tis
the Line I G.

Its Amplitude (or Diftance from Eaft or
Weft at its Rifing or Setting) in Summer is
R C; in Winter’tis 1 C.

Here you muft fuppofe that the Sun goes
down again from the Meridian in the Af-
ternoon on t'other fide of the Scheme or
Globe in the fame manner in which its Af-
cent toward the Meridian is reprefented on
this Side: So that the Line M R reprefents
the Sun’s Semidiurnal Arc at Midfummer,
E C at the Equinoxes, and W 1 at Mid-
wenter. The Semidiurnal Are is half the
Arc it 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, fo the various Places of its De-
preflion below the Horizon H O may be cafily
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 Sunany Day in
the Iear.

Find out what is the Suw's Declination
that Day by {fome Scale or Table: Obferve
whether it be the #inter or the Summer Half-
year; and confequently whether the Decli-
nation be North or South: Then for the
North fide of the Equator, if it be Summer,
fet the Degrees of North “Declination up-
ward from E toward Z; if it be Winter
fet the South ‘Declination downward from
E toward H: And from the Point of De-
clination ({fuppofe it be M or W) draw a
Line parallel to E Q the Equator, as M &
or W W, and it reprefents the Parallel of
Declination, or the Path of the Sun for
that Day.

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

Asthe Lines of Declination are parallel

to
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to the Eguator ; fo the Lines of Altitude
arc parallel to the Horizon: Suppofec there-
fore the Altitude of the Sun be about 42z
Degreess fet up 42 Degrees on the Meri-
dian from H to A, draw the Line A L pa-
rallelto HO, and it defcribes the Sun's Pa-
rallel of Altitude that Moment,

Here Note, That where the Sun’s Paral-
lel of ‘Declination for any Day and his Pa-
rallel of Altitude for any Moment crofs each
other, that is an exalt Reprefentation of the
Sun's Place in 'the Heavens at that Time:
Thus the Point 3o/ & is the precife Place
where the Sun is when he is 42 Degrees
high on the longeft Day of the Year: For M
S5 reprefents his Path or Parallel of De-
¢limation that Day, and A L reprefents his
Parallel of Altitude that Moment.

I might add here alfo, that the prick’d
Arc N @ S reprefents the Hour Circle in
which the Sun is at that Moment; and
Z ) D reprefents its Azimuth or vertical
Circle at that Time. Nofe, Thefe Arches
are troublefome to draw aright, and are not
at all neceflary to folve common Problems

by the Scale and Compafles on the Ana-
lemma.

Problem XVIIL The Day of the Month
and the Sun's Altitude being given, how to
Jind 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 Point of the
Sun's Place any Minute of any Day in the
Year by the Parallel of “Declination and Pa-
rallel of Altitude crofling cach other.

Now f{uppofe the Day of the Month be
the 25t of April, and the Sum's Altitude
34 Degrees in the Morning. Defcribe the
Semicircle HZ O in Figure XXIV for the
Meridian. Make H C O the Horizon. Draw
E C making with H C an Angle of the
Colatitude 38: Degrees to reprefent the E-
quator. Seck the Declination of the Sun,
and in the Tables or Scales you will find
it ncar 16; Degrees Northward: Sect 163
from Eto D; draw D R for the Path of
the Sun that Day, parallel to E C the E-
quator. Then fet the Altitude 344. from H
to A, draw A L parallel to H O the Ho-
rizon. Thus the Point fhews the Place
of the Sun as before.

Now if you would find the Hour, you
muft draw the Line C N at right Angles
with the Equator E C, which reprefents
the fix a Clock Hour Line; and the Dif-
tance 6 © is the Suw's Hour from fix; that
is, his Hour after {ix in the Morning, or
before {ix in the Afternoon.

If you are to feek the Azimuth, then
you muft draw the Line C Z perpendicu-
lar to HO, which is the vertical Circle of

- Eaft
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Eaft or Weft; then the Extent F O is the
Sun's Azimuth from Eaff 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 Az:-
muth, you need but a very few Lines to per-
form the whole Operation ; for if you want
only the Hour, CZ may be omitted ; if you
want only the Azmuth, CN may be omitted.

Yet in the Winter Half-year, {uppofe the
28 of November, when the Declination is
near 18 Degrees South, it muft be fet down-
ward as E W from E toward Hs then you
cannot fo well find the Hour without pro-
ducing the {ix a Clock Line N C below
the Horizon down to S, that you may mea-
fure the Hour from S or fix.

Obferve alfo that this little Diagram in
Figure XXIV. will folve a great Varicty of
Problems befides the Hour and Azimuth
on the 25t of Apri/: It thews the Length
of the ‘Day by the Semidiurnal Arc D R.
The Sun's Afcenfional Difference is 6 R.
His Amplitude is CR. His Azimuth from
Eaft or Weft at fix is T 6. His Altitude
at Eaft and Weft is V C. His Meridian Al-
t7tude is the Arc D H: And his Azimuth
from Eaft or Wefk az rifing or fetting is the
Laie G Ry

Problem XIX. How to meafure the Num-
ber of “Degrees on any of the ftrait Lines ix
the Aunalemma. I think
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I think there is no neced to inform the
Reader that any Part of the outward Circle
or Meridian may be meafured upon that
Scale of Chords or Quadrant, accordingto
whofe Radius the whole Awnzlemma is
drawn.

As for the ffrait Lines they are all to be
confidered as Simes; Thofe Semidiameters
which are drawn from the Centre C to
the Circumference are fo many whole Lmes
of Sines or 9o Degrees to the common Ra-
dius of the Semicircle. Burt if you confider
any whole ‘Diameter which pafieth through
the Centre C, it is a Linc of verfed Sines,
2. e. two 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 Simes at Hand to the fame Radius of
the Circle, you may meafure any Part of
thofe ftrait Lines, fetting one Foot of
the Compaflfes in the Centre C, and ex-
tending 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
§mmes at hand, you may find the Quanti-
ty of any Part of the Semidiameter by
the outward Limb or Semicircle, and by
the Scale of Chords, according to whofe

3 X Radius
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Radius the Semicircle is drawn. The
Method of performing it fec in Figure
XXV. where the Quadrant yxé is drawn
by the fame Radius as the Semicircle in
Figure XXIV. But I chofe to make it a
diftin& Figure, left the Lines fhould in-
terfere with one another and breed Con-
fufion; and therefore in Figure XXIV, I
have ufed Capital Letters, in Figure XXV,
all the Letters are {mall.

Suppofe I would find how many De-
orees are contained in V C which is the
Sunw's Altitude at Eaft or Weff. This is
a Part of the Semidiamcter CZ: Suppofe
therefore CZ to be a whole Line of Sines,
beginning to be numberd at C. Take
the Extent VC in your Compafies, and
carry one Leg up in the Arch y x till the
other Leg will but juft touch the Diame-
ter ¥4, and the Leg of the Compafles will
reft at »; whercfore it appears that CV
in Figure XXIV. is the Sine of the Arch
77 in Figure XXV. or 21 Degrees.

Another Way to perform it is this. Take
the Extent V C, fet one Lcg of the Com-
pafics in y, and with that Extent make a
blind or obfcure Arch at ¢, and by the
Edge of that Arch lay a Rule from the
Centre 4, and it will find the Point #z in
the Limb (vzz.) 21 Degrees.

By the famc Praltice you may find any

2 , Part
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Part of thofe Lines which are drawn from
the Centre' C, (viz)) CH, CE, CM,
CZ, CN, CO, all which are wholc Lines
of Sines to the common Radius of the
Quadrant,

But as for thofe Lines in the Analem-
ma which are not drawn from the Cen-
tre C, but are drawn acrofs fome other
Diameter and produced to the Limb, fuch
as the Line 6 D, the Line S W, the Line
FA, and the Line FL, each of thefe are
to be cfteemed as a whole Line of Sines
alfo, but to a /efs Radius.

So 6 ® in Figure XXIV. is the Sime of
the Sun's Hour from 6; but the Radius is
6D, and the Number of Decgrees in 6
is to be found in this manner. Take the
Extent 6D, or this whole lefler Radius
in your Compaffes, and fet it from & to g
“in Figure XXV. then take the Extent 6 @),
and fetting one Foot of the Compafles in
g, make an obfcure Arch at 0, and a Ru-
ler laid from & the Centre by the Edge of
that Arch o will find the Point 4 in the
Limb, and fhew that 4y is 34 Degtees,
which (turned into Hours) is zwoe Hours
17 Minutes from fix, (viz.) 17 Minutes paft
eight in the Morning, or 43 Minutes paft
three in the Afternoon.

Again F© in Figure XXIV. is the S7we
of the Azimuth from Eaft to Weft to the

Radius
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Radius F A; take therefore FA in your
Compaffes 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 & the Centre, and you will find the
Point s in the Limb; therefore y s is the
Azimuth from Eaft to Wef?, that is, about
17 Degrees.

 Note, if you have the Inftrument called
a Seffor at hand and know how to ufe it,
you may with great Eafe and Exatnefs
find the value of any Sine in the Analemma,
whether it be to a greater or a lefler Ra-
dius, without thefe Geometrical Operati-
ons.

Problem XX. 7o find the Suw's Place in
the Ecliptick any ‘Day in the Tear.

It is well known that the 12 Signs of the
Zodiac, each of which has 30 Degrecs, con-
tain in all 360 Degrees: And the Sun is
faid to go thro’ them all once in 12 Months
or a Year. Therefore in a vulgar Account,
and for the Ufe of Learners, we generally
fay, the Sun gog¢s thro’ one Degree in a
little more than a Day, and thereby finifhes
the 360 Degrees in 365 Days. But this is
not the jufteft and moft accurate Account
of Things: Lect us therefore now toward
the End of this Book, with a little more
Exatnefls obferve, : 1. ‘That
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1. That the annual Coutfe which the Suz
appears to take thro’ the Ec/iptick round
the Earth, is much more properly and truly
afcribed to the Earth’s moving or taking
its Courfe round the S#z; tho” the common
Appearances to our Eye are much the fame
as if the Suz moved.

2. This annual Courfe or Path of the
Earth is not properly a Circle, but an E/-
lzpfis or Oval : And asthe Sun is fixt in one
of the Focus’s of this Ellipfis, fo the fixt
Stars, (and among them the 12 Signs) fur-
round and encompafs it. Sce Fig. XXXI
where the black Point ¢ is the Earth in its
Orbit moving round, and @ the S#z 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 /#/znter Half-
year, (z. e. from Autumn to Spring) is near-
er to the Sun than the other Part of it which
the Earth traces in our Summer Half-year,
(z. e. from Spring to Autumn.) And as it
is nearer to the Sun, fo confequently ’tis
the fhorter or lefler half, if I may (o ex-
prefs it. The very Figure fhews it plainly.

Note, by our Winter and our Summer 1
mean thofe Seafons as they re{pe& us in
Europe, and in thefec Northern Parts of the
Globe. |

4. Thence it follows that the Sun appears

N o
}
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to finith its Winter Half-year from Septen-
ber 12" to March 10%, 7. e, from X by
Y to Y fooner by 7 or 8 Days than it
does the Summer Half-year, 4 ¢. from Y
by % to 24, or from March 10* to Sep-
tember 12, which is proved thus: When
the Earth is at #, the Sun appears at S5
and ’tis M:dfimmer. When the Earth is at e
the Sun appears. at &4 and ‘tis Autumn.
When the Earth is at o the Sun appears at
Y and ‘tis Midwinter. And when the
Earth is at 2 the Sun appears at Y and ’tis
Spring. Thus the Sun appears to pafs thro’
thofe Signs which are juft oppofite to thofe
which the Earth pafies. Now as the Earth is
longer in going thro’ the Arc zze, from £
to Y, than it is in going thro’ the Arc
eoa, from Y to ¥, fo confequently the
Sun appears to pafs thro’ the oppofite Signs
from Aries to Libra, flower than he does
from Lzbra to Arzes.

This is proved alfo plainly by the Com-
putation of Days.

Afterthe Sun enters Aries on March 10,
that Month hath 21 Days, and after the Sun
enters Libra on September 120, that Month
hath 18 Days. Now let us compute.

March
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March—21 Y |September — 18 4
April — 30 Oclober —— 31-

May — 3 1;8 | Nsvember — 30

Fune —= 30> Days | December — 31 >Days
Fuly —=—3 15 Fanuary — 31
Auguft— 31 February —— 23
September 12 Y | March ~—~— 10 Y

[ S Y

Summer 186 Days |Winter —= 179 Days

5. Agreeably hereto ’tis found that in
the Winter Months (chiefly from the middle
of Oétober to the latter End of February)
the Sun appears to move fomething more
“than one Degree in a Day : But in the Sum-
mer Months (chiefly from the latter End of
February to the middle of O¢fober) the Sun
appears to move fomething lefs than one
Degree in a Day. This is one Reafon why
a good Pendulum Clock meafures Time
more juftly than the Sun: And ’tis this ir-
regularity of the Sun’s meafuring Time that
makes the Tables of Equation of Time ne-
ceflary.

6. And thence arifes a {enfible Inequality
between the Times of the Sun’s apparent
Continunance in different Signs 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 lcave one
Sign, and enter another juft in the fame
Proportions or Diftances of Time every
Month. N 2 =. This
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7. This occafions a little Variation of the
“Declination of the Sun, and his Right Af-
cenfon from the Regularity that we might
expect; for they are both derived from his
apparent Place in the Ec/iptick : And there-
fore none of them can be found by Leat-
ners with utmoft Exaltnefs, but in an Ephe-
merzs or Tables which thew the Sun’s Place,
¢rc. 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 4 Years, forbids the
Sun’s Place in the Eclzptick to be exaétly the
fame at the fame Day and Hour of the fol-
lowing Year, as it was inthe foregoing; fo
that tho’ you knew the Sun’s Place, his Right
Afcenfun and Declination for one whole
Year, that would not ferve exaély for the
next Year, for the niceft Purpofes of Aftro-
nomy.

9. Yet as in 4 Years Time the Sun ap-
pears very nearly at the fame Place in the
Heavens again at the fame Day and Hour
afd Minute as before, fo a Table that contains
the Round of 4 Years is a {ufficient Dire&ion
for 20 Years to find the Suw’s Place for any
common Purpofes: Provided alwaysthat we
feck the Sun's Place, ‘Declination or Right
Afcenfion, for any Year and Day in that
Year of the Table that is equally diftant
from Leap-ycar, whether it happen to be

the
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the firft, the fecond, or the third after Leap-
year, or whether it be the Leap-year it (elf.
See more of this Matter Secz. XXI. of the
T ables of “Declination.

10. If we would make one fingle Table
or Scale of the Sun’s Entramce into the
Signs of the Zodiack, or of his ‘Declination
or Right Afcenfion to {crve for every Year,
we muft chufe the fecond after the Leap-
year, becaufe that comes neareft to the mean
or middle Cour [e and ‘Place of the Sun,and will
occafion the leaft Error in any Operations.

I have therefore here fet down a fhort
Table of the Sun’s Entrance into the feve-
ral Signs, according to the Account of Par-
ker’s Ephemeris for the Year 1726, which
is the fecond after Leap-year 5 and for Geo-
metrical Operations with a plane Scale and
Compafs, it is fufficiently exa for 20 Years
to come,

Anno 1726, the fecond after Leap-year.

Day " “d."'m. Day d. m.
March 10--Y-.0:36]| Sep. 12--£M..0:05 -
April 9--5--0:03| Of. 13--M--0:47
May 10--TM-o0:01| Nov. 12-- ['--0: 59
Fune 11--9%5-0:36| Dec. 11--V8--0:28
Fuly  12--Q--0:12| Fan. o9--YWM--0:16
Auguft 13--M)--0:53| Feb. 8--}-0:38

It is not poflible to form all this irre-
gular Variety of Times when the Sun en-
ters the feveral Signs into any Mcemorial

N 3 Lines
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Lines or Rhymes with any Exaétnefs and
Perfpicuity ; and therefore I have omitted
the Atrempt. Such a fhort Table as this
may be always carry’d about by any Per-
fon who decals frequently in fuch Operati-
ons and Inquiries.

But to give an Example of the Prattice.
Suppofe it be enquired, what is the Sun’s
Place, April 25, 1find the Sun juft entered
into Zaurus S April the o, then I rec-
kon ’tis the 16" Degree of & April 25%,
which added to the whole 30 Degrees of
Aries, thew the Sun to be 46 Degrees from
the Equinodtial Point Y on the 2 5% of Apri/.

If the 18" of November we enquire the
Sun’s Place, we muft confider the Sun is
got s9 Minutes in J the 12™ of Novem-
ber, thatis, very nearly one whole Degrece:
Therefore on the 18™ it is about 7 Degrees
in f, which added to 30 Degrees of T
and 30 Degrees of £, thews the Sun on
the 18™ of November, to be about 67 De-
grees from the Autumnal Equinox or &Y.

Thus by adding or {ubftracting as the Cale
requires, you may find the Sww's Place any
Day in the Year: And thence you may com-
pute its Diftance from the neareft Equinoéi:-
al Point, which is of chief Ufe in Opecrati-
ons by the Analemma.

Problem XXI. 7he Day of the Month
being given, to draw the Parallel of De-
4 clination
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clination for that ‘Day without any Tables
or Scales of the Suw's Declination.

This may be done two Ways. The fir/?
Way is by confidering the Suw's Place
in the Ecliptick, as April the 25™ it is 46
Degrees from the Equinox Northward.
Therefore in Figure XXIV. after you have
drawn HZ O the Meridian, E C the Equa-
tor, {et up 233 Degrees the Sun’s greateft
Declination from E to M; draw M C to
reprefent the Ecliptick; then take 46 De-
grees from a 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 16:3.

Note, If you have nc’er a Scale of Sines
at hand, then take the Chord or the Arc
of 46 Degrees, fet it up in the Limb from
H to G, fet one Foot of the Compafles in
G, and take the neareft Diftance to the
Line HO or Diameter, and that Extent is
the Sine of 464,

The other Way of drawing a Parallel
of ‘Declination, is by fecking wlrrt is the
Meridian Altitude for the 25" of April,
and you will find it to be 55 Degrees.
Sct up therefore the Arch of 55¢ from H
to D; and from the Point D draw DR a
Parallcl to EC, which fhews the ‘Decli-

N 4 nation



186 The firft Principles of Se&. z0.

nation and Sun's ‘Path as before.

Thus though you have no Scales or Ta-
bles of the Suw’'s Declination at hand, you
fce it is poflible to find the Hour and A-
zsmuth, and many other Aftronomical
Problems by the Analemnma for any Day
in the Year. But this Method which I
propofed of performing them by finding the
Sun's ‘Place in the Ecliptick by any fhort ge-
neral Scale or Table, is liable to the Mif-
take of near Half a Degree fometimes.

Obferve here, if you have by any Means
obrain'd and drawn the Sun’s Path (viz.)
DR for any given Day, you may find both
the Suw's Place in the Ecliptick and its
Right Afcenfion by drawing CM the Eclip-
tick. For then CK will be the Sine of the
Sun's Place or Longitude to the common
Radius CM: And 6K will be the Sine of
the Sun’s Diftance on the Eguator from the
neareft Egumocizal Point, butthe Radius is
6D : From hence you may cafily compute
its Right Afcenfion.

lore, Though the little Schemes and
Diagrams which belong to this Book are
fufficient for a Decmontftration of the Truth
and Realon of thefe Operations, yet if you
have occafion to perform them in order
to find the Hour or Azimuth with great
Exadtnefs, you muft have a large flat Board,

or vay fliff Paftboard with white Paper
pafted



Se&. 20. Geography and Affronomy. 137

pafted on it, that you may draw a Semi-
circle upon it of 9 or 10, or rather 12
Inches Radius; and the Lines muft not
be drawn with Ink, nor with a Pencil;
for they cannot be drawn fine enough:
But draw them only with the Point of the
Compafs; and you muft obferve every Part
of the Operation with the greateft Accuracy,
and take the Sun’s Place or Declination out
of good Tables: For a lictle Error in fome
Places will make a foul and large Miftake in
the final Anf{wer to the Problem.

Yet if the Sun be within feven or eight
Days of cither fide of cither Solftice, you
may make the Tropic of Cancer or Capri-
corn ferve for the Path of the Sun with-
out any fenfible Error; for in 16 Days
together at the Solflices its Declination
does not alter above 12 or 1§ Minutes:
But necar the Equinox you muft be very
exa&t; for the Declination alters greatly e-
very Day at that Time of the Year.

There might be alfo various Geaggraphi-
cal Praftices or Problems that relate to the
Earthly Globe performed by the Afliftance
of the Analemma, and feveral other Affro-
nomical Problems relating to the Sun and
to the fixt Stars; but fome of them are
more troublefome to perform; and what I
have already written on this Subje@ is a-
bundantly fufficient to give the Learner an

Acquain-
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Acquaintance with the Nature and Reafon
of thefe Lines, and the Operations that are
performed by them.  And for my own Part
I muft confefs, there is nothing has contri-
buted to eftablifh all the Ideas of the Doétrine
of the Sphere in my Mind more than a per-
folt Acquaintance with the Analemma.

Problem XXII. How to draw a Meri-
dian Line, or a Line directly pointing te
North and South on a Horizontal Plane
by the Altitude 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 Swm-beams and mark any two dif-
tant Points in the Shadow as A B, Figure
XXVL and then draw the Line AB: Sup-
pofle the Azimuth at that Moment be found
to be 35 Degrees, draw the Line AE at the
Angle of 35 Degreces 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
Eaftward or Weftward, according as you
make your Obfervation in the Morning
or in the Afterncon.

- Note, Where you ufe a Thread and

Plummet, remember that the larger and
heavicy
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heavier your Plummet is, the fteadicr will
your Shadow be, and you will draw it
with greater Eafe and Exacinefs.

In this and the following Operations to
draw a Meridian Line, you muft be {ure that
your Plane be truly Level and Horizontal,
or elfe your Performances will not be true.

Problem XXII. 7o draw a Meridian
Line on a Horizontal Plane by a perpend:-
cular Style.~

Note, That when I f{peak of a perpendi-
cular Style, 1 mean ecither of thofe three
forts of Styles before mentioned in Pro-
blem 1. (-wu) a ftrait Needle ftuck into
the Board perpendicularly as Figure XV. a
Sftrait or crooked Wyre fluck in [loping at
random with the perpendicular Point found
under the tip of it, as Figure XVI; or the
Brafs Prifm, as Figure XVIL For what I
call a perpﬂzdsmlszr §tyle may be apply'd
and afcribed to cither of thefe.

Make feveral parallel Circles or Arches
as Figure XXVI[: 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: Di-
vide the Arch A O juft in halves by a Line
drawn from the Cecntre, and that Line C
M will be a true Meridian Line.

The
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The Reafon of this Pralice is derived
hence, (v7z.) that the Sun’s Altitude in
the Afternoon is equal to the Sun’s Alti-
tude in the Morning when it cafts a Sha-
dow of the fame Length: And at thofe
two Moments it is equally diftant from
the Point of Noon or the South s thercfore
a Line drawn exatly in the Middle between
thefe two Points’ of Shadow muft be a Me-
ridian Line or point to the North and
South.

This Problem may be performed by fix-
ing your perpendicular Style firft, and ob-
ferving the Shadow A before you make the
Circles, (efpecially if you ufe the Brafs
Prifmm, or the floping Style with the per-
pendicular Point under it) then fet one Foot
of your Compafles in the perpendicular
Point C, extend the other to A, and fo
make the Circle.

If you ufe the Przfm fora Style, you may
mark a Line or Angle at the Foot of it
where you firft fix it, and place it right again,
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 firfk Point of Sha-

- dow in the Morning.

If you would be very exalt in this Ope-
ration you thould tarry till the Sun be gone
onc Minute further WWeffward in the After-
noon, 7. e. tiil ome Minute after the Shadow
touches the fame Circle, and then mark the
Shadow; becaufe the Sun in {ix Hours Time
(which is one Quarter of a Day) is gone eaf?-
ward on the Ecliptick in his Annual Courfe
one Minute of Time, which is 15 Minutes
(or one Quarter) of a Degree.

Problem XXIV. 7o draw a Meridian
Line on a Horizontal Plane by a Style or
Needle fet up at random.

Another Method near akin 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 Pen ftuck on the tip of the Style N
(without moving the Style) draw the Arch
A SO : 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 biflect it, or
cut it in halves by a perpendicular Line M E,
which is a true Meridian.:

Note, in this Method you have no
Trouble of fixing a Style perpendicular,

4 nor
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nor finding the Point directly under it for
a Centre. DBut in this Method as well as
in the former it is good to mark three ot
four Points of Shadow in the Morning,
and draw Arches or Circles at them all
for the fame Recafon as before.

Obferve here, That in thefe Methods of
drawing a Meridian Line by the Shadow
of the tip of a Style, I think it is beft ge-
nerally to make your Obfervations between
cight and ten a Clock in the Morning, and
betwecen two and four in the Afternoon.
Indeed in the three Summer Months May,
Fume and ‘fuly you may perhaps make pretty
good Obfervations an Hour ecarlier in the
Morning, and later in the Afternoon; but
at no time of the Year thould 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 fhould then do it
half an Hour before or after ten a Clock
in the Morning, and fo much before or af-
ter two in the Afternoon; for otherwifethe
Sun will be cithef too near Noon, or too
near the Horizon. But
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But in general it may be advifed that the
Summer half Year is far the beft for Ob-
. fervation of Shadows in order to any Ope-

rations of this Kind.

.~ Problem XXV. 7o draw a Meridian
Line on an Equinoitial ‘Day. ‘

On an Egquinoiiial ‘Day or very near
it as the 8, o™ or 10™ of March; or the
1™, 12% or 13 of September you may
make a pretty true Meridian Line very ca-
fily thus by Figure 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 cach
other, and it is beft they fhould be obferved
onc in the Morning and the other about
the fame Diftance from 12 inthe Afternoon ;
and then draw the Line A B which reprefents
the Equinoliial 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 §,5, 5, and draw a right Line
A §SSB by thofe which lie neareft in a
right Line, that you may be the more exact.

Problem XXVI. To draw a Meridian
Line by a Point of a Shadow at Noon.
Ik
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If you have an exa& Dial to whofe Truth
you can truft, or a good Watch or Clock
fet 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 mark 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 Meridtan Line by it.

Problem XXVIL To 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® Hour and Minute by a
Quadrant, or any other Dial, &¢. 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 Square, or have any
fide exaltly parallel to the Hour Line of
12, you may draw your Meridian Line by
that Side or Edge of the Dial.

Problem XXVIII. How fto transfer a

Meridian Line from ome Place to another.
There
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Thcrc are feveral Ways of doing this.

18 Way. If it be on the fame Planf:, make
a parallel Line to it, and that is a zrue Me-
ridian.

14 Way, If it be required on a different
Plane, fet fome good Horizontal Dial to
the true Hour and Minute by your Me-
ridian Line on the firft Plane, then remove
it and fet it to the fame Minute on the fe-
cond Plane, and by the 12 a Clock Line
mark your new Meridian.

Note, 1f the Sides or Edges of your Ho-
rizontal Dial are cut truly parallel to the
12 a Clock Line, you may draw a Merz-
diarn by them as before.

II¢ 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 firlt Plane; then at the fame Mo<
ment, as near as poflible, projedt 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 bet-
ter 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
Line of Eaft and Weft.

But there are fome Windows in a Houfe
on which the Sun cannot fhine at Noon 3
in fuch a Cafée you may draw a Linc of
Eaft and Weft {everal Ways.

1* Way. You may ufe the fame Prattice
which Problem XXII. direéts, with this Dif-
ference, (viz.) inftead of fecking the Sun’s
Azimuth from the South, feck its Azi-
wmnth from Eaft and Weff, and by a Line
of Shadow from a Thread and Plummet
marked at the fame time, fct off the Angle
of the Sun’s Azimuth from the Eaft 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 fet your Angle.

11¢ Way. You may ufe the fecond Method
of transferring a Meridian Line by a Hori-
zontal Dial with chis Difference, (wvzz.)
inftead of ufing the 12 # Clock Hour Line,
by which a Meridian was to be drawn, ufe
the 6 @ Clock Line, which will be Eaft and
Wefts for in a Horizontal Dial it ftands al-
ways at right Angles with the Meridian.

114 Zay. The third Mecthod of transfer-
ring a Meridian Line will ferve here alfo;
but with this Difference, (viz.) fet off the

Cﬂfﬁﬁ[t’:
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Complement of the Anzle 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 fo it might
make a right Angle with a Meridian Line
if that could have come on the Plane.

Problem XXX, How to ufe a Meridian
Line.

The wvarious Ulfles of a Meridian Line
are thefe.

It Ufe. A Meridian Line is neceffary in
order to draw an Herizontal Dial on the
fame Plane, or to fix an Horizontal Dial
true if it be made before.

114 Ufe. A brafs Horizontal Dial may be
removed from one Place to another in fe-
veral Rooms of the fame Houfe; and fthew
the Hour wherefoever the Sun comes, if
either a Meridian Line or Line of Eaft and
" Weft 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.

IVth Ufe. 'Tis neceflary alfo to have

N 03 fome
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fome Meridian Line in order to find how
a Houfe or Wall ftands with regard to the
four Quarters of the Heavens, Eaft, Weft,
North or South, which is called the Bear-
ing of a Houfe or Wall, that we may de-
termine 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 tharp Winds.

v Ufe. By obferving the Motion of
the Clouds, or the Smoke, or a Vane or
W eather-Cock you cannot determine which
Way the Wind blows, but by comparing
it with a Meridian Line, or with a Linc of
Eaff and Weft.

When once you have got a true Meridi-
an Line, and know which is the South,
then the oppofite Point muft be North;
and when your Face is to the North, the
Eaft is at your Right Hand, and the /72
at your Left.

VIt Ufe. A Meridian Line will fhew the
Azimuth of the Sun at any time by hold-
ing up a Thread and Plummet in the Sun
and obferving where the Line of Shadow
croffes it. Or the fharp {fmooth Edge of
an upright Style or Poft will caft a Sha-
dow acrofs a Meridian Line, and fhew the
Sun’s Azimuth.

VI Ufe. If you have a Meridian Line

1 on
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on a Horizontal Plane, you may draw a
Circle on that as a Diameter, and divide
it into 360 Degrees: Then fet up a fixt or
moveable perpendicular Style, and it will
{hew the Azimuth of the Sun at all Hours.
VIl Ufe. A perpendicular Style on a
Meridian Line will fhew the Sun’s Meridi-
an Altitude by the tip of the Shadow ac-
cording to Problem 11. And thercby you
may find the Latitude of any Place by Pro-
blem V1. :
IXth Ufe. 'If you have a broad fmooth
Board with a Foot behind at the Bottem,
to make it ftand, fuch as is defcribed in
Prob. XXIII. of the XIX Sc&. 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 fixt at the Edge of
the Board and projetted along the flat fide,
you may determine at Night, what Stars
are on the Meridian ; and then by the Globe
(asin Problem XXXIII. and XXXIV. Seét.
XIX.) or by an Inftrument called a Noc-
turnal you may find the Hour of the Night,

or by an eafy Calcularion as in the XXXIII¢
Problem of this XX SecZion.

Problem XXXI. How to know the Chicf
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 ncareft Stars that lie round it, whether
they make a Zviangle or a Quadrangle, [frait
Lines or Curves, right. Angles or oblique
Angles with the known Star, This is eafi-
ly done by comparing the Stars on the
Globe (being rectified to the Hour of the
Night) with the “prefent Face of the Hea-
vens, and the Siruations of the Stars there,
as in Provlem XXXII. Seit. XIX.

And indced 'tis by this Method that we
not only learn to know the Stars, but even
fome Points in the Heavens where no Star
is. I would inflance only in the Norzh
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 Cart
or Waggon b, r, ¢, d, and the three others
reprefenting the /Horfes.

Nore alfo that the Star # is called A-
lioth, d is called Dutbe, b and r are called
the two Guards or Pointers, for they point
dire@tly in a firait Line to the North Pole
P> which now is near 23 Degrees diftant
from the Star s, which is called the North
Pole Star.

You may find the North Pole alfo by
the Star 4/oth, from which a firait Line
drawn to the Pole Star s gocs thro’ the

Pole
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Pole Point p, and leaves it at 24 Degrees
Diftance from the Pole Star.

You may find it alfo by the lttle Star n,
which is the neareft Star to the Pole Star s
for a Line drawn from %z to s is the Hy-
potenufe of a Right-angled-Triangle, whofe
right Angle is in the Pole Point p.

Problem XXXII. To find the Latitude by
any Star that is on the North Meridian.

It has been already fhewn in the X Pro-
blem of this Settion how to find the Lati-
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 firft Way is this, Take the Alticude
of it when it is upon the North Meridian
at 5 ot 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 Differ-
ence of thofe two Altitudes from the great-
eft Altitude, and the Remainder is the true
Elevation of the Pole, ox Latstude 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 fubftra 2} Degrees (whichis
the Diftance of the Pole Star from the Pole)

O 4 the
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the Remainder will be the true Elevation of
the Pole, or the Latitude. The Reafon of
this Operation is evident by the XXXt Fj-
gure, for Alioth 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 4t .Day of May, and under
the Meridian on the st Day of Nowvember :
Fifteen Days after that it will be upon the
Meridian at 11 a Clock : Thirty Days af-
~ter at 10 a Clock: fo that every Month it
differs about two Hours.

Problem XXXIII. 7o find the Hour of
the Night by the Stars which are on the
Meridian.

If you have a Mecridian Line drawn, and
fuch a Board as I have defcribed under the
o® Ufe of the Meridian Line, you may ex-
adtly find when a Star is on the Meridian;
and if you are well acquainted with the
Stars, whereloever you fet up that Board
upright on a Meridian Line, you will fee
what Star is on the Meridian. Suppofe A/de-
baran or the Bulls Eye on the 20 of Ya-
nuary is on the South Part of the Meridian ;
then in fome Tables find the Sun’s and that
Star’'s Right Afcenfion, add the Comple-
ment of the Right Afcenfion of the Sun

for that Day (viz.) 3 Hours 6 Minutes to
the
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the Right Afcenfion of the Star 4 Hours 17
Minutes, and it makes 7 Hours 23 Minutes
the true Hour of the Afternoon.

Note, If the Star be on the North Part
of the Meridian, or below the North Pole,
‘tis juft the fame Praltice as on the South:
for when any Star is on the Meridian, the
Difference 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 Me-
ridian 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 Mecridian thus; Hold
ap a String and Plummet and projeé it with
your Eye overright the Pole Star, or ra-
ther the Pole Point, and obferve what other
Stars are covered by it or clofe to it, for
thefe are on or near the Mcridian.

Or it may be done with very little Er-
ror by ftanding upright and looking ftrait
forward 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
{erve for vulgar Purpofcs.

Problem XXXIV. To find at what Hour
of any Day a known Star will come upon
the Meridian. Sub-
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Subftra&t the Right Afcenfion of the Sun
for that Day from the Right Afcenfion of
the Star, the Remainder fhews how many
Hours after Noon the Star will be on the
Meridian. Suppofe I would know at w hat
Hour the Great Bear’s Guards or Pointers
will be on the Meridian on the 16t of A4-
pril; (for they come alwaysto the Meridian
neatly both at once.) The Right Afcenfion
of the Sun that Day is about two Hours 14
Minutes. The Right Afcenfion of thofe
Stars is always ten Hours 24 Minutes. Sub-
fira& 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
Pointers be on the Meridian. H. M.
Right Afcen, of Pointers is 10 24
Right Afcen. of Sun April 16™ ise—— 2 14

Time of Night 8 10

Note, 1f 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 fubftrat as before.

You may cafily find alfo what Day any
Star (fuppofc cither of the Pornters) 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 17th of dagﬂf.

| The
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The Sun’s Right Afcenfion is 10 Hours 25
Minutes, 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 the 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 Timc; for
about 1§ Days after it will be on the Meri-
dian at 11 a Clock, 3o 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 varics {o
very littlee. '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 Herizonta! Diftance from the Meridian
isthe Azimuth: Itis the Egquatorial Diftance from the Me-
ridian which is call’d the Sun or Star’s Henr.

donc
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done by the Globe, or any Quadrant, or by
the Analemma, juft as you would feck the
Sun’s Hour if its Altitude were given: Af-
ter this, feck 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 Niglit.

Note, | This Method of Operation tho’ it
be true in Theory, yet 'tis tedious and very
troublefome in Practice. The moft ufual
Ways therefore of finding the Hour of the
Night by the Stars (whether they are onthe
Meridian or not) is by making ufe of a
large Globe, or the Inftrument called a Noc-
turnal, wherein the moft remarkable Stars
are fixt in their proper Degrees of Declina-
tion and Right Afcenfion: and their Rela-
tion to the Sun’s Place in the Ecliptick and
to his Right Afcenfion every Dayinthe Year
being o obvious makes the Operation of find-
ing the true Hour very cafy and pleafant.

$E CiT XX

Tables of the Sun's Declination, and of the
Declination and Right Afcenfion of fe-
veralremarkable fixed Stars, together with
fome Account how they are to be ufed.

: HE Refolution of fome of the Affro-
nomical Problems by Geometrical
Opera-
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Operations on the Analemma requires the
Knowledge of the true Place of the Sun,
“his Right Afcenfion, ox his Declination at
any given Day of the Year. But fince the
Knowledge of his “Declination is of moft
eafly and convenient Ufe herein, and fince
his true Place in the Ecliptick as well as
his Right Afcenfion may be necarly found
Geometrically when his “Declination is gi-
ven, (except when near the Solftices) I have
not been at the Pains to draw out particu-
lar Tables of the Sun's Place and Right
Alfcenfion, but contented my felf with Tables
of ‘Declination. Thele are fufficient for a
young Learner’s Praltice in his firft Rudi-
ments of Affronomy. Thofe who make a
further Progrefs in this Science and would
attain greater Exattnefs, muft feek more
particular Tables relating to the Suz in o-
ther larger Treatifes.
Here let thefe few Things be obferved.
I. Thefe Tables thew the Declination of
the Sun cach Day at Noon; for ’tis then
that the Affronomers ‘Day begins. If you
would therefore know the Sun’s Declina-
tion, fuppofe at fix a Clock in the Morn-
ing of any given Day, you muft compare
the Declination for zhat Day with the Sun’s
Declination the foregoing Day, and make a
proportionable Allowance, (wvzz.) three
tourth Parts of the¢ Difference of thofc
twWo
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two Declinations. If at fix in the After-
noon, you muft compare it with the fol-
lowing Day, and allow in the fame man-
ner one fourth Part.

II. Thefe Tables are fitted for the Me-
ridian of Londen. 1f you would know
therefore ithe Sun’s Declination the fame
Day at Ncon at Port-Royal in Famaica,
you muft confider the Difference of Longi-
tude. Now that Place being about 75 De-
grees Veftward 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 proporti-
onable 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 Esffward from London,
it would be five a Clock in the Afternoon
there 5 and then you muft compare the Sun’s
prefent Declination with that of the Day
following, and make Allowance for the five
Hours, 7. e. almolt % 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 Lendon at the given
Hour at that Place, and find the Declination
of the Sun for that Hour at London by Note
the firft,

Note, Thefe Allowances muft be added

or
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ot [ubflralted according as the Sun’s Decli-
nation is increafimg or decreafing. |

Yet in any of thefe 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 {mall
that it is not fufficient to make any remark-
able Alterations, except when the Sun is
necar the Equinoxes; and then there may be
fome Allowances made for it in the manner
I have defcribed 5 noreven then is there any
need of any fuch Allowances except in Places
which differ from London near s or 6 Hours
in Longitude.

III. Let it be noted alfo, that as the Place
of the Sun, {o confequently his Declinati-
on and Right Aftenfion for every Day do
vary fomething every Year by Reafon of the
odd frve Hours and forty nine Minuntes 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 ZTears together, (viz.) the three
Years before Leap-2ear and the Leap-1ear
itfelf. For in the Circuit of thofe four Years
the Sun returns very nearly 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, or a whole Day (wanting but four
times cleven, 7. e. 44 Minutes;) which Day

2 is
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is fuper-added to the Leap-Year and makesthe
29 of February, as hath been faid before.

It is true that in a confiderable Length

of Time thefe Tables will want further Cot-
rection, 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
Table which is applicable to the current
Year, whether it be a Leap-7¢ar, or the firff,
the fecond or the third Year after it.
~ 1IV. Obferve alfo thefe Tables of the Sun’s
Declination are fometimes reduced (as it
were) to onc/mgle Scale. And for this Pur-
pofe Men generally choofe the Table of
Declination for the Second after Leap-2ear,
and this is called the Mean “Declination,
that is, the Middle between the two Leap
Zears. This is that Account of the Swun's
Place and “Declination, ¢r¢. which is made
to be reprefented on all Mathematical In-
ftruments, (viz.) Globes, Quadrants, Pro-
Jections of the Sphere, and graduated Scales
&re. and this ferves for fuch common Geo-
metrical Practices in Aftronomy without any
very remarkable Error.

Concerning the Zable of the fixed Stars,
let it be remembered that they move flow-
ly round the Globe Eaftward in Circles pa-

rallel
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rallel to the Ecliptick, and thereforc they
increafe their Longitude 50 Seconds of a
Minute every Year, that is, one Degree in
feventy two Years. But their Latitude ne.
ver alters, becaufe they always keep ar the
fame Diftance from the Ecliptick.

Let it be noted alfo, that this {low Mo-
tion of the fixed Stars caufes their Decls-
natin and their Right Afeenfion to vary
(though very little) every Year. Their Right
Afcenfion neceflarily changes becaufe theic
Longitude changes, though not exaltly in
the {fame Quantity. And though their La-
titude never alters, becaufe Latitude is their
Diftance from the Ecliptick, yet their De-
clination muft alter a little, becaufe ’tis their
Diftance from the Eguator. But the Tables
of their Right Aftenfion which 1 have here
exhibited will ferve for any common Prac-
tices for at leaft twenty Years to come, and
their “Declination for near so Years, with-
out any fenfible Error in fuch Aftronomical
Eflays as thefe.

It may be proper here to give Notice to
Learners, that the {ame Stars may have
North Latitude and South Declinaticy ; fuch
are all thofe that lye between the Lguator
and the Southern half of the Ecliptick
But all thofe Stars which lye between the
Equator and the Northern half of the F.
chptick, have Sowth Latitude and Norrh

eclination. P A Table
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A Table of the Sun’s Declination for the Year
172§, being the Firft after Leap-Year.
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02 49
102 2%
|02 02
or 38
oI 14
iD’D j":'-l

20 17 11 10,00 27

20 04 10 49 00 O3
19 51 10 27 N.20

19 37 10 05 00 43
19 23 09 43 OI 07
13'19 09 09 aI

o1 31
oI §

02 I

02 41
03 Of
03 28
03 §I
04 14

.

o8 46
09 ©O7
9 29
o9 §0O
10 12
10 33
10 54
It If

Ir 3§
11 56

d. m.
18 11
Ig 26
18 41
18 5y
19 09
19 23
19 36

19 49
20 O2

20 14

12 16
12 36
12 76
13 Iy
13 35
13 54
14 13
14 32
14 §0O
15 o8

20 26
20 38
20 49
-3
21
21
21
21
a1
21

June.
N.
d. m.
2311
23 17|
zg 18 |
33 21
33 23
2354
23 zﬁf
23 28,

23 28

23 29 10
23 18!;;
23 28 12

23 1?!13

23 25| 14
23 24| 1%
23 21|16
23 19 1%
23 16|1
o
20

O 0O~ A B N l 'FCE

o4 38
of oI
of 24
OF5 47
06 o9
06 32
o6 55
07 17
¢/ 39
o8 02
o8 24

1§ 26
15 44
16 o1
16 19
16 36
16 §2
17 ©9
17,25
17 41
17 ¥0

22
22
22
22
22
22
2.2
22
2.2
23
23

23 13

23 o8
21
22

23
24
25
26 |
27
28
29
30
31

23 04
23 00
22 54
22 49
22 43
22 37
22 30
2% 23
22 16
22 08
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Se&t. 21.

1725, being the Firft after Leap-Year.

Geography and Aftronomy.
A Table of the Suw's Declination for the Year

Jul
N,

Aug.
N.

%

S.

d. m.
22 00
31 ¢1
21 42
21 33
21 23
21 I3
21 ©3
20 {2
20 41
20 30

20 18
20 06

19 53
19 40
19 27
19 14
19 00
18 46
18 31
18 17

18 o2
17 46
17
Ig I§
10 §

16 42
16 26
16 09
1§ §1
1§ 34

1§ 16

[« N 1
14 $8
14 40
14 22
14 03
13 44
I3 2%
I3 06
12 46
12 26
12 06

d. m.
o4 08
o3 4f

03 2

Q2 j’9
o2 35
I1x

ey
oI 49
25

o) |
QI QL

39,

P

d. m.
o7 29
07 §I

o8 14
o8 36
o8 ¢8
09 20
10 o4
10 26
10 47

L]
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O¢t. | Nov.

S.

_—-

%

18 19
18 37
18 ¥0
19 Of
19 19
19 3314
19 47,

20 Cﬂ'

Dec.
)

.|d. m.
23 o8
4!23 12
23 16
23 19
23 22
23 24
26

i Zg

11 46
11 26
Il D}'
10 4%
10 24
10 03
09 41
09 20
o8 §9
o8 37

o8 15
o7 33
o7 31
o7 09
o6 47
o6 24
o6 02
oy 39
o5 16
04 54

04 31

07
31|
]
o1
oI
(84
o2 2
o2

04 48

Of. <%
QY 3

ts |

i1 09
II 30
11 §3
I2 X2
12 32

4112 53l
05E13 i3 3k

13 33

17 28

of 111§ 47,22

16 of
16

B 1o

| 17 31|

231
ofh 20 16 40 22
06 43 16 57, 22
07 06

20
20
20
20
21

13,
26
38,
$0
02
13
23
34

21

§2113 §3 21 44
03 Ty|14 12 21 53
03 38 14 32 22 02
04 02 14 §I'22

04 2§ If 10 22

11
19
26
34
22 41
22 47
53
§9
©4

22

5

23 2

113

iz 28
zg 28
23 27
23 2§
23 23
23 21
23 18
23 15§
28 11
;3 o6
33 02
12 $6
23 o
22 45
22 38
22 31
32 23
5% 1%

2 58

21 49
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214

The firft Principles of
A Table of the Suws Declination for the Year
1726, being the Second after Leap-Year.

Sedt.

2t

o\ Janu. | Feb. | Mar. | April.; May. |]June.
ol B 7 S. | S® TN N | N
d. m.{d. m.|{d. m.|d. m.|d. m.|d. m.
1}21 39|13 41 (03 18|08 4018 08|23 10
2|21 29|13 20[02 §5|09 02|18 23|23 14
3121 19|13 cojo2 31|09 24|18 37|23 17
421 08|12 40|02 07|09 4518 52|23 20
s120 §7[12 19|0IL. 44|10 07|19 06|23 23
6}20 45|11 §8[o1 20|10 18 19 19|23 2%
<120 33|11 37|00 §6|10 49}19 33 23 16
8§20 20|11 1600 33|11 10|19 46(23 2
9|20 07|10 y4|00 09|11 30|19 59|23 18
10{19 §4{10 32{N. 14} 11 §1|20 II 13 28
t1}19 41|io 11|00 38 12 11{20 23 33 28
12|19 27| 9 49]ot o112 31|20 35|23 28
13}19 12| 9 27|01 25|12 5120 46|23 27
14|18 58| 9 04|01 48|13 11|20 §7 13 26
15118 43| 8 42|02 12|13 30|2F 08|23 24
16§18 27| 8 19{02 35| 13 49 21 18113 22
1118 11; 7 §7|02 59]|14 08|21 28|23 19
1817 §5| 7 34|03 22|14 27|21 37;23 16
{19117 39| 7 11103 4614 46{21 47{23 13
20117 22| 6 48{04 O9|1¥ 04|21 §5§5{23 09
21117 o5| 6 25|04 32{15 22{22 04|23 oF
22|16 48] 6 02104 §y|1§ 40|22 12]23 oI
23|16 31| ¥ 39|°F 18|15 57|22 19}22 §6
24115 13| § 16{05 41|16 15|22 27|22 §O
25115 §5| 4 52|00 O4[16 32122 34/22 45
26117 36| 4 29,06 27|16 48{22 40[22 38
27115 18] 4 05|06 49|17 05|22 46|22 32
18114 §9| 3 42]07 12|17 21|22 52|22 2y
29114 39 o7 34117 37(22 §7|22 18
3014 20 o7 §6|17 s2{23 02|22 IO
3:‘1.} 00 o8 18 ____ﬁ_cﬁl

U ;
B

O oo~T O R WD e e

IO




Se&t. 21, Geography and Affronomy. 215

A Table of the Suw's Declination for the Year
1726, being the Second after Leap-Year.

| July. ﬂlillg. Sept. [Octo. | Nov. [Dec. | O
e N.l gl e e S. i

d. m./d. m.|d. m.|d. m.|d. m.[d. m.
22 02 15 03|04 13|07 23|17 4423 07
2T §3| 14 44 03 §0|o7 46|18 0023 11
2t 45 14 26|03 27 o8 o818 16]23 1y
a1 35| 14 07|03 04|08 31{18 3123 18
21 |13 49(02 41|08 53118 4623 21
21 té 13 30,02 18|09 17|19 OI |23 24
2I Of | I3 10|01 $4|09 37{19 16]23 26
20 §5112 s1|or 31|09 $9]19 30|23 27
20 44| 12 31|01 08|10 20|19 44{23 28
20 32112 11|00 44|10 42]19 $7|23 28|10

O o~ O -hus b =
W 0O~1 Ohveny B o b

=

|

L
=

20 21|11 §1{co 21|11 03f20 10|23 28|11
20 09{11 31| S o211 25}20 22|23 28|12
19 §6|11 10|00 25|11 46]20 35|23 27|13
19 43 10 50|00 49|12 06§20 47|23 26{14
19 3010 20 0L 12]12 27120 §9)23 24|15
19 10 o8lor 36]12 438]21 10]23 21}16
19 03199 47)or s9l13 c8lat 21§23 19]17
18 49|09 250z 22]13 28|21 31]23 14}18
18 35|00 o4lo2 46)13 48|21 4123 12]19
18 20[{ 08 42|03 Eopul DS 21 31f23 o7l20

=i -
LD b

[ T s
Ch—h

T -
=l |

-
e

ks
C

l
1

b
-

18 o5 |08 20|03 33]14 3? 22 00|23 Gé 27
17 §0|07 s9lo3 sEl14 46122 o9f22 §

17 35|07 36jo4 19|15 OF|22 1722 $2(23
17 19|07 14]04 42|15 24|22 25}22 46|24
17 03|06 s2loy Q6|15 42|22 32]22 40|2
16 46|06 30|05 20|16 col22 39f22 33|26
16 30|06 cyloy s2|16 18122 46|22 2527
16 13|05 45)c6 15]16 36|22 52122 1728
|15 §61 o5 22|06 38{16 §3[22 57|22 09|29
30 15 38|04 5907 o017y 10;23 02122 00|30
3117 21104 36 17 27 21 1131
=

|

BN RNNBR N
00~1 O\ bl b

[
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216 The firft Principles of  Se&. 21.

A Table of the Sun’s Declination for the Year
1727, being the Third after Leap-Year.

anu. | Febr. | Mar. | April. | May. | June, | O
3 js. s. | s |N| N J-N. H
d. m.|d m]d m|d m|d m|d m. |
1121 42113 4503 24|08 35|18 04|23 og| 1
2|21 3213 25|03 co|o8 57[18 19 23 13| 2
3(2t 21113 o502 37|09 19|18 34|23 17| 3
4|21 11|12 45102 13{09 40|18 48|23 19| 4
5120 59|12 24|01 49|10 o1 |19 ©2 23 22| §
6|20 48|12z 03 |o1 26|10 23|19 16 23 24| 6
7120 3611 4201 02|10 44|19 30|23 26| 7
8120 23|11 2100 38|11 05|19 43|23 27| 8
9|20 1110 59|00 15811 25|19 56 23 28| 9
10|19 57|10 38 |N. 081 46|20 08|23 28|10
11|19 4410 16fco 32}12 06|20 20|23 28|11
12|19 30] 9 §4{00 §5Q12 26|20 32|23 28|12
13]19 16] 9 32lo1 19 12 46{20 43 |23 27113
14119 01| g 10|01 43|13 06|20 §4 ;23 26{i4
15118 46| 8 47|02 06|13 25{21 05|23 25}15
16118 314 8 2502z 30{13 45|21 16|23 22]16
J17{18 15] 8 oz|oz §3}14 04|21 26|23 20]17
18117 59| 7 40|03 17{14 23121 35|23 17|18
19117 431 7 17103 4014 41121 44123 14]19
2017 26| 6 54]04 03|15 00|21 53123 10]20
21 |17 10| 6 31)04 26|15 18|22 02|23 ob]z1
22|16 2| 6 o8|o4 50(15 35|22 10{23 oz]22
23116 35| 5 45|05 13|15 53 (22 18|22 g7]23
24|16 17] 5 21|05 35|16 1022 25]|22 g2]24
25115 59] 4 58|05 58|16 27 |22 32|22 46]25
26|15 41| 4 34|06 21|16 44 |22 38|22 40]26
27|15 22| 4 11|06 44|17 o122 45|22 33]27
28[{15 03} 3 48|07 06|17 17|22 50|22 27]28
29/ 14 44 ~|o7 29|17 33 |22 5622 19}29
30 14 25 o7 §1|17 49 |23 o122 12]30
31| 14 Of o8 13 23 of 31

3



Sett. 21. Geography and Aﬂmn&mj. 217

A Table of the Sun’s Declination for the Tear

1727, being the Third after Leap-Year.

[ July. [Aug. |Sept. |Otto. Nov. [Dec. | &
2 o R s R S A
— s | oeatm | et~ L= = = | w—
d mld m.|d m]d m|d m.]|d m
1|22 o415 07|04 19|07 18]17 40 23 0b| 1
2|21 s5l14 49|03 56|07 40|17 56123 10| 2
3|21 47|14 31|93 33 of o3| 18 12]23 14| 3
4|21 38|14 12|03 10j08 25 18 27123 18] 4
slz1 28|13 53|02 47|08 47|18 43123 21| 5
6|21 18|13 34|02 23|09 10|18 58123 23 6
7121 o813 15|02 00|09 32]|1G 12 2% Z8 47
8|20 57|12 55|01 37|09 53[19.27|23 27| 8
9|20 46}12 36{0r 13]10 15|19 4023 28| 9
10|20 3512 16|00 50|10 37119 54}23 28 |10
11|20 24]11 56|00 26]10 §8}20 ©F |23 28|11
12|20 12|11 36|00 03|11 19|20 20}23 28|12
13/19 sol11 158 19|11 41120 32[23 27113
1419 47110 55100 43|12 01120 4423 26|14
15|19 34[10 34|01 o6l1z 22)20 50|23 24|15
16|19 20|10 13|01 30|12 4321 O {25 22 16
17|19 o7|og 520 53|13 03 |21 1823 19|17
18|18 53|09 30|02 17|13 23 )21 29|23 16[18
1918 38|09 og|o2 40|13 43|21 39|23 13 19
20|18 24|08 47|93 ©4|14 03 | 2! 48|23 cg|z20
s | s — | sy, - | T | eesm—- ) — — | —
21|18 09|08 26|03 27|14 22|22} 58|23 o4 |21
22|17 §4|08 04|03 50|14 42 22 ob|22 59|22
23|17 38|07 42|04 14|15 ©I 22 1§22 53|23
24| 17 23|07 20|04 37|15 19|22 23|22 4824
25| 17 07|06 58|05 oo|15 38|22 30)22 41}23
26|16 go]ob 35|05 23|15 56|22 37|22 3426
27|16 34|06 13|05 40 16 14|22 44|22 2727
28|16 17|05 50|06 09 16 32|22 50|22 19|28
29|16 o005 27|06 32 16 49|22 56)22 11|29
3p¢|5 42|05 05|06 55|17 ©6f23 o122 03} 30
31716 25704 42 17 23 21 E4' 31




218 The firft Principles of  Se&. 21

A Table of the Sun’s Declination for the Year
1728, being Leap-Year.

l_§- Janu. | Febr. (Mar. |April. |May. | June. | O
oo R B T S N

—— - g

d. m.|{d. m.|d. m/|d. m.|d. m.|d m.
2t 44|13 s0]03 ob6lo8 52|18 15|23 12
2t 34|13 300z 42]o9 13|18 30|23 16
21 2413 100z 19|09 35 (18 45|23 19
21 13|12 solor 55109 56|18 59|23 21
21 oz|12z 29|01 31|10 18 19 13|23 24
20 51|12 o8|otl o8l10 39|49 26|23 25
20 39|11 47|00 44|11 00|19 40|23 27
20 26|11 26|00 20|11 20|19 52|23 28
20 14|11 o5|N o211 41|20 05|23 28
20 o1 |10 43|00 2612 o1 |20 17|23 29

— —m

|

f=a
.Ea»-.g Gel O L B
O 00~ Chen o wa B o=

19 47|10 21|00 50|12 21 |20 29|23 28
19 33|09 59|of 13]12 41 |20 41|23 28
19}og9 370t 37|13 o1 [20 §z|23 26
05|09 15f02z o113 21 |21 03|23 235
fojo8 53102 24|13 40|21 13|23 23
35108 30|02 48113 59l21 23123 21
19|08 o803 11|14 1821 33|23 18 17
C3]07 45[093 34 14 37|21 42|23 1518
17 47|07 22|03 58 14 §55|21 51|23 1119
31|06 59|04 21{15 13|22 o023 o7 |20

=
—

-

el

]
| 1}
3

Lo |
L0, [ S
e |
00D D
L ]
g il

—
o
]
L |
ety

]
A |
o0

o
8]

]
OO
-

|

[

14l06 36104 4415 31|22 08|23 03 |21
57|06 13|05 07115 49|22 16|22 58|22
39|05 50{25 3o||6 06|22z 23|22 53|23
21 o5 27|05 53116 23|22 30|22 47 |24
03 |05 04|06 1616 40|22 37|22 41 |25
45 (04 4000 3816 57|22 43|22 35|26
27 |04 17|07 o1|17 13|22 49|22 28|27
o8 |03 ¢3 |07 23117 29|22 55|22 21|28
49103 30]07 4517 45|23 00|22 14|29
30 : o8 08|18 00|23 04|22 ob 30
10 o8 3o 23 09

b b
o
L
o

B bR BB
SO 001 Ohion b wa
— oy e e el
S W OO O

% AL
- O
-
o




Sect. 21. Geography and Aftronomy.

A Table of the Sun’s Declination fur the Year

1728, being Leap-Year.

-y
L=l

s

| 50 0w s v~

11
12
13
14
15
16
17
18
19
20
21
22
23
24
2
5
27
28

29

3
31

July.
N.

Aug.
N.

Of‘tm.
S.

d. m_.
zZ1 57

21 49

21 40
21 30
21 21
21 10
21 00
20 49
20 38
20 26
20 1§
20 02
19 50
19 37
19 24
19 10
18 56
18 42
18 27
13 13

d. m.

o5
14 35
14 17
13 58
13 39
13 20
13 00

12 41
12 21
12 Ol

11 41
11 20
11 CO
10 30

10 18
o9 57
09 36
09 14
o8 53
o8 31

d. m.

o7 35
OF 57
o8 20

08 42
0g 04
o9 26
09 43
10 10
1032

10 §j3

Nov.
S+,

d. m.
17 &2
18 03
13- 24
18 39
18 54
19 ©9
19 23
19 37
19 §I
20 04

Dec.

-

d. m.|
23 09
27 13
23 17
23 20
23 27|
23 26
23 zﬂi
23 zBi
23 28|
23 29

11 14
1T 35
11 56
1z 17
12 38
1z 58
13 18
13 38
13 58
14 18

20 17
20 29
20 42
20 §3
=1 05
21 16
21 26
21 36
21 46
ZL 55

23 23
23 28|
23 26
23 25 |
23 ‘23
23 20
23 17
23 14
23 10
23 0§

17 58
17 42
BT 27
17 11
16 54
16 38
16 21
16 o4
15 47
15 29

15 11

o8 o9
07 47
o7 25
07 ©3
ob 41
ob 18
o5 56
o5 33
05 10

4 47
L O 28

ob o4
ob 27

o6 49
o7 12

14 37
14 56
15 1§
15 33
15 SZ
16 10
16 27
16 45
17 02
17 19

17 36

22 o4
22 13
22 21
22 29
2z 36
22 42
22 49
22 55
23 00
23 of

23 00
22 55
2z 49
22 43
2%, 31
22 29
327
22 13
2z 0§
21 56

21 46

ool O B

Z5
26Jr
z7
23
z29
30

31%

19



220  The firft Principles of Se&t. 21;

A Table of the Right Afcenfion and Declination
of fome of the moft noted among the fixed Stars

for the Year 1726.

i < Z
The Namés of the Stars. ﬁ;n’ Right |Decli.| o
2. Afcen. N
d. m.|d. m.
{Scheder in Caffiopea’s Breaft |3 | 06 18|55 02 [N
The Bright Star Of Arsés a3 | 27 56122 08| N
Mandibula or Mencar the N
Whale’s Jaw } b Bl S
Algol in the Head of Medufal 3 | 45 36|39 52 |N
Aldebaran, the Bull's Eyew 1 | 65 02|15 55|N
Capefn, the Gt?atl}smr < 1| 74 o7]l45 41|N
€ ight I'oot o
R%rfg;he brig 1 | 45 20]c8 33|
Orion’s preceding Shoulder 13 | 99 35106 04| N
Middlemoftin Orionw’s Girdle| 2 | 80 34or 24/S
Laft in Orion’s Girdle 2 | 81 44|02 o7|S
Orion’s following Shoulder—{ 1 | 8¢ o4fo0y 19| N
Syrius, t&e ]{?Dg-StﬁrN'-—-* 1| 98 16}16 20|S
Caflor’s Head, 4. e. the Nor-
ﬁermuﬁ winl D }2‘ 109 15132 27| N
e little Dog-
P:g:*::#, or th 8 E‘ 2 (111 14107 §4|N
Hydra’s Heart 2 |138 31|07y 29(S
Regulus, the Lion’s Heart 1 [ 148 26{13 17| N
Deneb, the Lion’s Tail 2 |173 46|16 o5 | N
Firft in the grf?i‘ll:r Bear’s Taill 3 [190 co|ar §2[S
Vindemiatriz, Virgin's
North Wing = § 2 [192 30157 28| N
LVirgis‘s S;;ik!: X I 197 4209 43]S
Mi oft in the great
Bears Tail - O 4|2 197 43]56 22| N
Laft in the great Bear’s Tailla |204 11|50 42| N
Ar&urus I [210 47|20 38| N
Southern Baliance me—etn 28 orled §2i0
Northern Crown —— ——| 2 230 46{27 391N}




Sctt. 21.  Geography and Aftronomy. 221
B VoS
The Names of the Stars. |55 | Right | Decli.| ¢
2.4 Afcen. 72
| .d. m. d Im. 3
Antares, the Scorpion’s Heart] 1 | 243 10 24 47|S
Serpentarins’s Head ———12 | 260 32112 46|N
Dmgam’s Head 2 1267 3551 32| N
Lucida Lyre, in the Harp |1 |276 74138 33| N
Eagle or Valtur’s Heart——|1 |294 19 08 10| N
Anzinons’s Hand —_E 3 1299 J.]'FGI 368
Fowmahbant, the Southern
Fifhes Mouth S|* {340 34/31. 03}5
Sc.éée}:zé:ﬂ:gctre flying Hor{e’s 7|, 342 37126 35N
ﬂfmrfﬁﬁé, in the ﬂ}’il‘lg ]
Horle’s Neck } 2 1342 4613 43N
Andromeda’s Head {2 1358 33 27 34| N
Algewnit, in the flying
{{arliz’sW'ing callec?alfo} 2 {359 47]13 39| N
Ala Pegafs

Note, In this Second Edition I have
madec very few Additions but what up-
on a review I faw neceflary to explain
my own Expreflions: Except only in
Prob. XX. of the XXtb Seé?. where I have
left out thofe antiquated Rhymes by
which it was impoflible to fix the Sun’s
Place with any Exatinefs: And inftead
of them have given a jult and intelligi-
ble account of the Sun’s apparent Moti-
on thro’ 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, aud
here at the end of the Book fome con-
tratted Tables of the Sun’s Right Afcenfion,

T ables



222 The firft Principles of Se. 21.

Tables of the Sunw's Right Afcenfion for every
tenth Day of the Years 1725, 1726, 1727,
1728.  The Sun's Right Afcenfion for all the
intermediate Days may be nearly computed by
allowing about four Minutes of an Hour, 1. e.
one Degree for every Day.

| 2

D.] Jan. | Febr. | Mar. | April. [ May. June.
W S G : 2 o e
h. m.|h. m. |h. m.}h. m.|h. m. h. m.
I1/19 36|21 44(23 301 1 23 £b.f 22
II|20 I9|22 23|00 O7| 2 oo 56, 6 03
21|21 o1 |23 o1 |00 43] 2 38 37| 6 45

1|19 3%5l2t 43]23 301 1 22
|11120 18|22 22]00 06 1 $9
21 121 0023 colco 42| 2 37

p—— e el

3
3
4
3
3
4
1|19 34|21 43|23 28| 1 21f 3 13| 5 20
3
4
3
3
4

—

II|20 17|22 21|00 oOF 59
21|20 §9 22 59|00 41 36

)

24
QI

| 39| 4 38] 6 46
D.| July | Aug. | Sept. | Oét. | Nov, | Dec.

= | e—— —— -

1119 33121 42|23 31
1120 16|22 20|00 ©8
2126 §8 122 §8|00 44

[ E R

1| 7 26]og 28} 11 22} 13 10|15 10 1}-'19
11| 8 06|10 oy|rr §8]13 4815 52|18 o3
21| 8 46|10 42|12 34|14 2616 35|18 47

——

1 7:!.:1'092-';' 1T 21|13 O9|1If OQ I?IB_
11| 8 os{1o 04|11 §7(13 47|15 51|18 o2
21| 8 45|10 41|12 33|14 26|16 34|18 46

|1 ?1409361[3@13091;&9171%
11| 8 og4)10 04|11 §6[13 46|15 50|18 57
21| 8 44|10 4012 32[ 14 25|16 33] 18 45

[

1] 7 27{09 29|11 2313 11|1§ 1217 20
|11} 8 o7|10 0611 59|13 49|15 $3| 18 o4
| © 21} 8 47110 43112 35 14 28116 36/ 18 49!
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