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AVING treated of the world in its full extent
under the title of Afironomy, we come now to
that fingle part of it called the Earth, which is our
defiin’d babitation. This terrefivial globe on which
we are [eated, tho’ it feems large to us that live upon
it, yet when compared to the magnitude of the bea-
wens, is only like a point in it, being in a manner loft
in that vaft fabric. But finall as it is, it is of the
greateft confequence to us, for bere we live and move
and bave our being, bere our whole bufinefs and tranf-
allions are performed, bere we muft abide, and can-
not remove into another planet, nor bave any commu-
nication therewith, nor with the inbabitants thereof,
if any fuch there be; nor can we tell what they are
doing, no more than they know what we are about.
All we can do is 1o remove from one place to another
wupon this little ball, and pafs from one region to ano-
ther, and by this means we get acquaintance with our
fellow-creatures on different parts of the globe, with
whom we can converfe, carry on a trade, or tranfadt
any bufinefs, by which we make a fhift to get a living.
And fince we are confined to this globe, and are obliged
to bave various tranfaétions with others, both at home
and abroad; therefore Geography (which is the
knowledge and defeription of the earth) becomes a ne-
ceflary branch of knowledge to us. For without it,
we fhould be ignorant of the fituation of the [everal
countries, with which we traffick, how they lye from

one another, and the way thither. ;
5.2 Geogra-



Geography. teackes us. the fituation of all countries
and kingdomss and. the limits. thereof, bow they are
bounded by [ea,and Jand,; and by. one_angther s, . into
what provinces and, difizidls, they ave divided ;. the fi-
suation, latitude and longitude, of all cities and towns
dherein s what woods, forelts, mountains, lakes, rivers,
minesy 8. gach: campains . what commodities it af-
Jordss what matters, of wonder, curiofity, ar anti-
guity 5 what buildings, cafiles, towers are therein s
what parts and bavenss swhat, racks, [fands, foeaks,
and [uch places of danger there are s and the manners
and employment of the people. This art teaches us to
draw mapsy or reprefentations of the feveral cauniries
of the earth, whick gives a true idea of their fitug-
tion, and magnitudes, by expofing them all to our
light. And thefe geographical maps are of very great ufe
Yo travellers, as well as to failors 5. for by belp of thefe
they find the neareft way from one place to another.

Without the knowledge of Geography,  Hiffory is
very imperfeit 5 for we can bave but a very flenaer no-
tion of any tranfatiion, when we are ignorant. of the
place it was tranfacied in. . Without it we cannot tel)
bow the moft memorable enterprizes of . the world have
been carried on and execuied. Without it we are igno-
vani of tbe rife, growih, flauritbing. and fall of the fe-
veral great monarchies in the world, which fix a.begin-
ning to all Hiftery... Without it twe cannot gudge of
the governments commodities, riches, and. number. of
pecple an, other nations s wor. judge. of .the firength of
onr. eneintes s nar underfland the limits between one king-
dom.and .anather ;. nor - diftinguifls: between. the names of
plates-and the nams. of peaple.  But. by the, belp of
Geography. we: cam seafily know. .all thefe things, and
mttch more.s- without expoling. aur bodies ia long tedious
travels and QQEEes. vt ervw ¢0 1 R el

How prejudicial-the ignorance of G cography has heen
to Princes inh foreign expeditions againft their enemies.;
. biffory gives many inflances of their ill fuccefs. And
' thefe
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1befe mifcarriages bave been principally owing to their
ignerance of the country they wwere going to .invade.

When any perfon goes upon [uch an' expedition, be ought -

10 bave a map of the country, with all the [everal
paffages in it from one place to another, the mountains,
woods, rivers, marfbesy -and what" rocks or fands lie
wear it. ' From which may be found where the [afeft
place for landing is, where one may avoid this rock or
that fand, where [uch a river may be paft, and which
is the moft commodious place for giving bis enemy bat-
tle, and what advantages and difadvantages there is
in bis fituation. ‘

And as this feience is fo beneficial and ufeful, it is no
lefs pleafant and deliphtful. It at once pleafes the eye
and infirulls the mind. It gives fuch a vaft variety
of objelis to contemplate, that we are firuck with ad-
wmiration, with thefe beautiful feenes of nature, which
2his earth of ours affords. Princes bave not thought
1t below them to inake it their fludy, but to the greas
danger of their perfons, bhave trauvelled into foreign
countries to moke difcoveries. And at grear exponce
bave [fent philofopbers and mathematicians to remote
places to make proper obfervationsy  as upen the fitua-
tion of places, the phenomena of the celeftial bodies,
and fuch like ; by which this art bas been very much
improved. ¥ andiene I 1
" Tel'this art at prefeat is far from being at perfeftions
For there areveryfew placeswhofe lavitude and longitude
are truly determined. - And there areftill many countries
which remain undifcovered, and muff wait for the induf~
try of future ages tofind out. There are likewife man
continents of great extent,. of which we knoww litt
wove than the fea coafts. " And even in places  which
awe krowy and daily travel vver, Woere are many towns
whofe fituation is very uncertain. - This appéars: friin
‘the dijagréement of the feveral peographical maps made

of the fame country. Xet this art is daily improving's
Ny A5 s %oy ﬂgx: (fhE -.j':""ﬁ}r

il
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 for long voyages bave made many new difioveriess and
Succeeding times will fiill add mare; and-will increafe
our knowledge, and fboew us the errors-of: former ages.
The ancients I&oﬂg.&m,&a torrid Zone unimbabitable, as
well as the polar regions 3 and that there was no fuch
‘thing as antipodes, .ﬁr‘pmpfe anding contrary ways
om oppaofite Jides of ‘the earthyy. forindeed they thought
the earth flat.  But later experience bas tanght us
Detter.  And fowill the excperience af ﬁrmre ages de-
tecl our ignorance i many things. .
1 took notice that the earth camparﬁd to the i*:-z.»::wﬂ.r
15 ng more than a point 5 the legft ffar we can fee; far
exceeds it in magnitude. And yet this earth, [mall as
it isy 'is that which with fire and (word is divided a-
mong [o many nationss who are always contending, and
never can agreey avout their fhares inst.  And yet this
is wot [0 wmuch owing to the fmalinefs of it, as to the
infatiabie defires of ‘men, after toa large a _/Znsre of it;
and their unguenchable thirft and luff after riches.
For the earth produces enough for all its inbabitants,
if people bad but as much bungnity as to [uffer their
fellow creatures to enjoy a TE.:?}EJH#HE Share along. with
#hem.  Inftead of that, men are in perpetual war and
firife who fhall get the maoft, till old Time overtakes
them, wben all on a fudden they drop into the bofom of
our common mother the earth 5 and then the greateft
monarch is no richer than the paan:/} beggar.

- Navigation is\an-art as ufeful- and beneficlal a3
G Eagfa_p.&ﬁ- and like two fifters; they go'band in band,
and one is ever affifting to theother.. By this art nien
can pafs from one cowitry to_ another; o fmm one port
to another with great eafe. and difpatch. ' By this all
trade is carried ouyawd goods exported arnd imported-at
vleafure, to or from diftant places as occafionrequires.
It is & moft afeful-art apon many accounts, forby this
we can not enly increafe our knowledge by travelling to
foreign. parts; but “eur viches alfo by merchondizing.
And therefore it is neceflary to be known for the fak;

¢
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of trade. - But neceffity may be underftood two ways,
 <either for ablolute need, \without which & thing can-
not bey or merely for ram&nlency, without <wbich
& thing canmot well be.  Now it i certain that many
‘places are fo povr, as not to be able to mainiain a po-
pulous nation, withont the jmq:» q—f Jorcign trade, at
this time when: the world is- grown [o full of people,
In this cafe there is an abfolute neceffity for Navigation,
to carry on the bufinefs of herrérrmdzzmg, without
wbtf:b the inbabitants could mot Kve, ~
“Trading, which is neceffary to fome, is cd'mzm{y very
E'e#_.gﬁ;mf 10 all Nationss. a3 s evident [for many rea-
fons: . Fory 1. By this means ‘one notion may treffi k
with ansthers by exporting fuch goods as they baw i
“too .great gbundance; and importing otbers thot 1hey
“Gwant. © For Jome conimioditivs are Jo. plentifur m fome
“tonalries, that they area mere drysy whilft others
: bave little or not bé@ af theyfort. T bmfarg tranfporting
them to thefe deficient placesy is a great advaintage,
2. Goods cannot be conveyed from ome place to another,
fo eafily, nor fo cheap, acr [o foon, nor in fich quanti-
ies, by any methods, as by, fhipping. 3. By means of
Navigation, arts end fiiences are promoted and im-
proved; avd conveyed 1o diftant places.. And for this
reafon,, many famous Philofophers bate paffed the Jeas
and travelled far;: to converfe with men of learning,
Sor the improvement of arts.. " And bence the principal
| dgﬁ:a'ﬁa:rfﬂ in Geography .are much owing to Naviga-
tion. 4. Likewife when a nation is overburthened with
“dnbabitantsy colouies may by this imeans be tranfported
to diftant tonntries ot fo popalous.. . And thus many
idlers are frsqzszér carried voVivginia and other places.
‘b Navigation 15 of great yfe for the defence of a na-
tion againft foreign enemies, where a fight at fea does
Hot @ quarterof 1be: damage asat land. o wlich
we may add the pleafure of .cowverfing with foreigners,
and éﬂ!ﬂ';ﬂg ﬁ:-fr.e{}v with  nen af karrnf s a5 well as

Aq - of
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of ‘mitial commerce with them; for fociety is natural
io Eﬁﬁﬂkkﬂd- . ; ’i ‘-i‘-f.. .1..1_ 10 AW -“" ¢ ' ' ?._II".._‘:'.»

' Navigation bas'alfo been bighly encouraged f;;’ many
princes and fiales; and great homours have.allo been
paid to'it. And Jor the encouragement of foreign trade,
Jocieties bave been formed in feveral nations, and en-

- dowed with ample privileges, by which many. perfons

bave become immenfely rich. .

It is time now to give fome account of what is con
taited in thisTrall. The firft [ection treats of the figure
of the earth, bothasa fphere and [pheroid ; of feveral
properties of the fea of the origin of [prings and ri-
wers; dof finding the difiances of places; of making maps;
a fhort account of the feveral kingdoms of the world s
and a table of the latitude and longitude of places. Here
the longitude is reckoned from the ifland of Ferro, ac-
cording to the antient geographers, which is about the
{ame longitude as the weltermoft part of the continent
of Africa, and therefore is a very proper and fiz
place for the beginning of longitude. And was foolifbly -
altered by later Geograpbers, by which they bave con-
fufed all reckonings. | d ol S :

“The [econd fefiion contains the ufe of the terrefirial
globe in folving problems rg' the [pbere. The prallice
of this is very eafy and delightful. Bl

" The third [ettion is Navigation, and fhews the prine
ciples both of [pherical and [pheroidical j@zﬂfﬂf, And
as [pheroidal [ailing bas made [o much noife in the world,
I'bave given the [olution of all the common cafes in
numbers by my metbod.” S e s
" This Treatife is moftly mathematical, the biftorical
account of kingdoms, &¢. not being my defign.

“Of " all the books of  Navigation that bave come into
my bands, I bave met with few or none, that give &
true notion of departure; the moft of them confounding it
with meridional diftance. ~ And Jome “of them. tell us
thar it'is quite ufelef5 in“navigationy and yer at the

Jame time, they cannot find ‘the longitudé without ity
M or
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or fomething equivalent Lo ét,  but not fo fimple as. it ;
.&'ﬁéﬁe}ﬁfﬁ“zﬁ it for ib.«,:?; purpofe. %‘ﬁﬁﬁzg reafon
Ei&@%mw@mﬂ_rwﬁ: in the Schal. of Prap, I.
278 I'“' :...L'i.-.;'i“ :-;‘ \.;'-.*f".-m';lh:.'.‘!.-“.ﬂ g hﬁﬂ kot £ AR A EO AR

s 1o [pberoidal [ailing, I bave given my thoughts of
it in_my book of Navigationy and bave fbewn that in a

day’s run, the difference between that and the fphere is

quite infenfible. ~ and a fbip muft reckon ber way every

day, and [0 day_after. day, thro’ the whole voyage.

And. when an obfervation is had, this fweeps away all
irregilarities from every caufe, and fets all right, as

Jar as there is a poffibility to do it 5 and furely an ab-

Servation is the only thing to be depended onin @ reckon-

ing, and ought never to z:ga' neglecied.  And therefore as

no apparent advantage is got by this way of failing,

I Jet it afide, and kept to the fimple and eafy way by

the [phere.  For who will think it worth their while

to [pend a deal of [uperfluous time and labour, to o0b-

tain a degree of accuracy, which can never be wanted 2

No body willy but fuch as are fond of novelties,

and therefore they prefer [uch things, becaufe they are

new, tho’ they baveno advantage above other methods,

out a manifeft difadvantage, of embarraffing the cal-

culation, and making more work: for the failor ; for

which 1 believe, be will never thank them. |

. But_altho this method is really of little ufe in Na-

wigation, yet becaufe [ome people may think otherwife,

and.may fuppofe there will refult o greater difference

between the two methods, than there really is in prac-
tice 5 I bave therefore laid down the principles rf that
ancthody and folved all the cafes, thereby s and if it
Jerve for nothing elfe, it will ferve for. an amufement
ta fuch el a5 ate delghied it matbematical en-
PO e S Sl G B

v Lbefe cafes are.all refolved according to Mauper-
tuis’s Jégﬁr{ﬂf_f%xé##é which, is ~.'§:>'?ff#¥:£5€-ﬂ‘¥#?’ﬁ
carththat has. ever. been fuppofed.: That of & Juan
-and, Ulloa, are. met kalf. Jo. flaty. énd. differ wery, litsle
" ok T i ; from
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froa Sir J. Newton’s earth. But after all the expe-
riments, that have been made to determine the figure of
it, the refult is, that its figure is inconfifient with that
of any [pheroid. And if the carth is not a [pheroid,
rirsﬁ: Virtuofi that want to be exaft, will have new
vules to feek out, or elfe be forced to take up with im-
perfeél ones. Laftly, if it fbould bappen that the earth
is nearly in the form that Juanbas determined it 5 then
thofe that follow Maupertuis will be farther from the
truth, than tbofe that [uppofe it a fphere; and we
know nothing to the contrary:: For whbich reafon we
may well content ourfelves with the [pherical figure of
the earth as beretofore, in the practice of Navigation.

~'W. Emerfon.
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F the figure of the earth and fea, Of finding the la-

titude and longitude of places, The phcenomena
of the celeftial motions, to the inhabitants of different
fpheres and zones, Of meafuring a degree of the earth,
The mealure of ‘the earth, To find the polar and equi-
noctial diameters. A table of the length of a pendulum
in all latitudes. Of the ebbing and flowing of the fea;
finding its depth, Of finding the diftances of places.
‘The origin of {prings and rivers. Of drawing maps. Of
gaining or lofing a day in going round the earth. Pro-
perties of the earth and fea. Of the changes that have
happened in the.earth. TIts divifion into kingdoms, A
table of the latitude and longitude of places.

L e R II,

The ufe of the terreftrial globe, where 20 problems
of the fphere are folved by it.

TR R gy Y o

“'The theory of Navigation, relating to plane failing,
parallel failing, middle latitude failing, Mercator’s failing,
and that by the log. tangents. Three uncommon cafes

in
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in Navigation folved. The elements of fpheroidal failing.
Three propofitions containing rules, for the folution of
the cafes of failing by the fpheroid. The actual folution
. of the 5 cafes of failing by the fpheroid, and 3 of pa-

rallel failing. Correéting a reckoning at fea. Of finding

the meridian by two equal altitudes. To take an altitude
without a horizon.

ERRATA, Geography.

page | line | read
4| 17 [length of days
s| o |4ki A
8b | frigid zone, thefe
23| 1 | whofe diftance
40] gb | pole, A and B
571 8 | oblate {fpheroid
79 9 | eaft by Spain,
821 6 |asthe land of
123 | 2b | long night be
:zg 14 :1*11?'.g lnlfh AR,
4b | velocity A4,
150} 13 | 5. 4 sr, &c.
132} 16 | fer than Ax;
137 | 10 | whence = = 2.30
144 | 10 | HI =BE X 1 + 295
162 | 2z !fig. 18,

GEOGRAPHY.
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Di B -]

EOGRAPHY, 1s a {cience which teaches
the defcription of the earth and its feveral
parts ; as i1t 1s a globe confifting of land and water.

DIE E M

The axis of the earth is a line paffing thro® the
center of it, upon which it is fuppofed to turn

round.
DE E L

The poles, are the two extremities of the axis,
where it cuts the furface of the earth; the one the

north, the other the fouth pole.

DIETE.CTIN.

The equinoftial is a great circle of the earth, go
degrees diftant from the two poles. This divides
the globe into two hemifpheres, the nortbhern and
Joutbern.
o 1 P Do,

Meridians or bour circles, are great circles of the
earth pafling thro’ the two poles, and cutting the
. equinoctial ac right angles. The frff meridian is
- that from which the Geographers have agreed to

reckon from, which anciently went thro’ the ifle of

Ferro.
B E F.
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b E-F¥L

The borizon is a plane touching the earth at the
place where we ftand; which plane extended to
the heavens, divides the upper from the lower hemif-
phere; this 1s called the fenfible borizon. -And a
plane drawn thro’ the center of the earth parrallel
to the former, and extended to the heavens, the
great circle made thereby, is called the rational bo-

rizomn. |
{5 B8 U ool

Parallels of latitude, are lefler circles parallel to
the equator; of which the principal are the two
tropics, and the two polar circles. 'The tropics are
235 deg. from the equinoctial, the northern tropic
is called the Tropic of Cancery the fouthern, the
Tropic of Capricorn. The polar circles are 235 deg.
from the poles. The northern is called the Arzic
circle, and the fouthern the Antaréic.

D E'F." VI

Latitude of a placeis the diftance from the equa-
tor to that place, reckoned upon the meridian of
the place. If the place be in the north hemifphere,
1t 1s north latitude 5 if in the fouth, itis foutk latitude.

D:E.-F. ' IX.

Longitude of a place, 15 the diftance from the firft
meridian to the meridian of the place, and is count-
ed on the equinoctial. Formerly longitude was
counted from the firft meridian eaftward, quite
round the globe.

| 2 5 DL 0N ¥

Rbombs, are the divilions of the horizon, into fe-
veral parts, which are 32 in number; thefe are
the feveral points of the compafs; all of thefe have
particular names, exprefled on a compafs card.
‘The 4 cardinal points are eaft, weft, northand fum?%
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If you fet your face to the north, asall geographers
do, then the eaft is on your right hand, the weit
on your left; the northibefore your face, and the
fouth behind your back. Thefe points of the com-
pafs are equivalent to fo many azimuths.

L E. b, 3l

A Rumb liney 1s a fpiral, drawn or fuppofed to
be drawn upon the earth, which cuts all the me-
ridians at the fame angle, which is the proper an-
gle of that rumb. This being continued never re-
turns into itfelf, except it happen to be eaft or wetft,
and then it coincides with fome parallel circle.

The circles here defined being extended, coincide
with their refpective circles in the heavens, or the
celeftial circles of the fame name, which have been
defined in Sect. IL. of the Aftronomy. And thi-
ther I refer the reader for the definition of the reft
of the circles, which more properly belong to Af-
tronomy. We muit nextadd fome things in regard
to the inhabitants of the earth.

DE F. XII.

A parallel [phere, is that pofition the earth has,
when the horizon coincides wiith the equator. Here
the poles are in the zenith and nadir; and the in-
habitants of this fphere live juft at the poles.

b E F.  XIH.

A right [phere, is that pofitieon of the earth,
where the equinoctial pafles thro’ the zenith, and
the poles are in the horizon ; and the inhabitants
here live juft at the equator.

|5 P8l o el 0 R
An oblique [phere, is that pofition of the earth,
where the equator and horizon make an oblique
angle. Here one of the poles is elevated above

the horizon, and the other deprefled below it. The
B 2 inha-
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"inhabitants here live any way between the poles and
the equator. There is alfo a divifion of the earth
according to the fituations of different inhabitants ;
as

’ D'EF %V,

Anteci, are thofe that live under the fame femi-
meridian, and on different fides of the equinoétial,
and equally diftant from it. Therefore their longi-
tudes are the fame, and the latitudes equal but con-
trary. Noon and midnight, and all the hours of
day and night, are the fame to both. The length .
of the days to one is always equal to the length of
the nights to the other. The feafons of the year are
contrary, being fummer in one, when ’tis winter to
the other. They have the fame feafons, the fame
heat in fummer, the fame cold in winter, the fame
length to days and nights ; butall at different times
of the year.

D P XVIL

Perici, are thofe people that live in the oppofite
points of the fame parallel. And therefore when it
1s noon to one, it is\midnight to the other. They
have the fame {eafons, the fame temper of the air,
the fame fummer, the fame winter, the fame length
of days and nights, all at the fame time.

B B XN

The Antipodes, are thofe inhabitants that live in
places of the earth diametrically oppofite. Here
both their latitudes and longitudes are contrary ;
confequently when ’tis noon to one, ’tis midnight
to the other; when one has the longeft day the
other has the longeft night, and when one has the
fhorteft day the other has the fhorteft night, The
feafons of the year are all contrary in both. They
have the fame feafons, the fame length of days and
nights, but at different times, When they ftand,

their
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their feet are towards one another, and their heads
oppofite. The inhabitants are alfo confidered iq

regard to their fhadows; as,

B ECE.. XYL

Amphifcii or Ampbifcians, are thofe people that
caft their thadows both north and fouth, at different
times of the year. Thefe people live any way be-
tween the tropics. When the fun is in their zenith,
they are called Afcii. At that time the Afcians
caft no fhadow at all.

DIEFor XiXa

Heterofcii, are thofe inhabitants that caft their
fhadows all one way, either north or fouth. The
Heterofcians live between the tropics and the polar

circles.
DE P AR,

Perifcii, are thofe people whofe fhadows turn
round about them. The Perifcians live within the
arctic or antarftic circle, where their fhadows in
one day are directed to all points of the compals.

PDoEF. XXL

A Zone s a portion of the earth’s furface contained
between two parallel circles, or at leaft within one
parallel. Thus the whole fpace contained between
the two tropics, is called the Torrid zone. The {pace
between the tropic and polar circle, either north or
fouth, i1s the Temperate zone, thele are two. The
{pace coptained within the polar circle is the frozen
or frigid, Thefe are alfo two.

The ancients thought the torrid zone not ha-
bitable, by reafon of the great heat of the {un, but
experience has thewn the contrary. For the heat
there 1s much diminifhed on account of {ea breezes,
long pights, frequent rains, &c. In the middle of
this zone, is the equinoctial circle; and thofe that
live there have perpetually their days and nights

B 3 equal,
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equal. - But here the twilight is very fhort, being
little more than an hour.  As the fun goes twice in
the year over their heads in this zone, it caufestwo’
fummers and two winters every year, which does
not happen in the other zones. |

The frozen zones are fo cold, that the ancients
. did not think them habitable ; and indeed thefe pla-
ces muft be exceflive cold in the winter, where they
want the fun for almoft half a year. Butthen to
make amends, he ftays with them almoft half a
year in fummer. And this fo warms and nourifhes
the earth, that it 1s able to refift the cold the moit
part of winter.  So that we find that even the cold-
eft of thefe places are inhabited.:

i I Rl 4, L K

The Climates, are certain parts of the earth’s fur-
face, contained between parallels of latitude, in fuch
manner, that at every fucceeding parallel, reckon-
ing from the equinoétial, the longeft day thall in-
creafe half anhour. Whence from the equator to
the polar circle there will be 24 of thefe climates.
And later geographers have added 6 more, where
the long:it day is fuppofed to encreafe by a month
at each climate. So that now there are 30, or in
all 6o, confidering the whole globe of the earth.

A Table



GEOGRAPHY.
A Table of Climates, fhewing in what Latitude

| each ends.
fclim.; lat. |]lon.day chm.] lat. {lon, day
{ '8 2cpas hy 12.159. 58| 18Th
2 116 2:5li13 14 |61 18] 19
3 23 50| 133 15 {62 25| 193
4 (30 20| 14 16 |63 22| 20
5136, 28] 14% 17 {64 6] 20%
6 [4¢5 22{ 15 18 |64 49 21
7 145 29| 155 19 |65 21f 213
8olig. .. 1] 16 20 |65 47| 22
9 |51 58] 163 21: 166 ° 6] 22%
10/ |54y, 2%] 17 | 22 {66 20( 23
11 156 391 17% 23 (66 28] 23%
1 12 |58 . 29| 18- | 24 {66 31| 24 _I
Climates continued to the Pole.
clim.| lat. lon. day |clim.| lat. [lon. day
25 |67 21| 1 mon, 28 [78 30| 4 mon.
| 26 {69 48| 2 29 84 5|5
| 27 173 3713 3a)20 o6, -}

It is evideat, this divifion into climates is very
irregular, for near the polar circle, they are fo
fmall, that they are hardly diftinguithable. It
had been better to have divided them at the dif-
tance of every 5 degrees quite to the pole. How-
ever the climates as here fet out, ferve to fhew
what length the longeft day is of, by having the
climate given ; and that is by taking half the hum-
ber of climates, and adding that to 12. Or know-
ing the length of the longeft day, the climate may
be found, by fubtrating 12 from it, and doub-
ling the remainder,

B4 An
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An Explanation of Terms.

Bay, a fmall part of the fea, encompafied with
the land, having only a narrow paffage into it.

Bed of a river, 1s the hollow or channel in which
the water runs.

Borough, a{mall corporate town.

Brook, Bourn, or Beck, a narrow current of wa-
ter, that runs cantmually

Canal, a deep ftream or current of water, inclo-
fed on both fides by banks either natural or artifi-
cial.

Cape, or head lond, a high' part of the land
ftanding by the fea fide.

Cofcade, a fall of water in a river, which may
be either natural or artificial.

Catarafl, a high fall of water in a large river,
that makes a great noife, fo as to be heard feveral
miles.

Champion country, a flat open country of great
extent,

Channel, a ftreight or narrow place of the fea,
leading from one palt of the fea to another.

Chorography, the defcription or reprefentation of
any country or kingdom.

City, a large corporate town, with feveral privi-
leges.

Cliff, a high fteep rock on the fea fide.

Continent, a large continued tract of land, con-
taining {everal countries or kingdoms.

Coaft, that part of the land which is next the fea.

Country, a tract of land under a king or prince.
This is oppofed to town or city.

Creek, an arm of the {ea running into the land.

Cﬂf‘?‘ﬂff a rapid motion of the fea.

Defart, aquantity of ground uninhabited.

Dewns, hills of fand by the edge of the fea.

Ebb, the fettling of the fea after the tide.

Fens,
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Fens, places full of bogs or ftanding waters.

Flood, the rifing of the fea in the tide.

Ford, a fhallow place in a river to go or ride
through.

Foreft, a large extent of ground with trees in it,
and fometimes wild beafts.

Grove or Thicket, a fmall place fet with trees,
made for pleafure.

Gulph, a large part of the fea running a great
way into the land.

Hamlet, a fmall village, or fome divifion of a
large town. '

Harbour, a place where fhips may lye at anchor
fafely.

Haven, an entrance of the fea within the land,
at the mouth of fome river or creek, where fhips
may lye.

Hill, a high piece of ground.

Hydrography, the defcription of water, as the
fea, rivers, lakes, &c.

Ifle, or Ifland, a part of the earth encompafied
round by the water,

Ifthmus, a neck or narrow piece of land running
into the fea.

Lake, a great colletion of ftanding water, in
the land.

Map, a geometrical defcription of any country
upon paper, &c.

Marfbes, {ee Fens.

Monfoons, periodical winds, which blow for a
certain time one way, and as long the contrary way.

Mountain, a very high part of the land in any
country.

Ocean, that great colleGtion of water that fur-
rounds the whole earth.

Parifh, fuch an extent of land as belongs to a
church.

Park,
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Park, a parcel of ground enclofed for the keep-
ing of deer.

Peninfula, a piece of land encompafled by the
fea, except a narrow place or entrance into it,
; l;aﬂd, a fmall collettion of ftanding water in the
and.

Port, a place where fhips lye, or where they load
and unload.

Precipice, a very high and fteep place, as the
brow of a hill.

Promontory, a high land ftretching into the {ea.

Reflux, {ee ebb.

Region, a great {pace of land containing many
inhabitants, under fome king, &c.

Rill, a {mall rivulet of running water.

River, a large current of water, able to carry
thips, &c. efpecially where it runs into the fea.

Rivulet, a fmall riyer.

Road, a place near the coaft, where fhips may
lye at anchor.

Sea, a part of the ocean that lyes between one
country and another.

Shelves, rocks and fands lying under water.

Shoar, dry land next the fea.

Sphere artificial, an artificial globe, with the
countries of the earth drawn upon it.

Spring, a fmall current of frefh water rifing out
of the earth.

Staple town, is a port town where merchants
traffick.

Strand, that part of the coaft which the fea
covers and uncovers, as it flows and ebbs.

Streight, a narrow paflage between two lands,
in going into a larger fea.

Thicket, {ee grove. _

Topegraphy, a reprefentation of a {mall particu-
lar place of the earth. :

Town,
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Town, a collettion of houfes near together.

Valley, vale or dale, a low or hollow place of
the earth between feveral hills.

Village, a fmall town, whofe inhabitants have no
parcicufar privileges.

Whirlpool, a very deep place, where the water
turns round and draws every thing into it, and
finks it.

Wildernefs, a large uncultivated piece of ground,
gruwinﬁ nothing but ufelefs thrubs and buihes.

Waed, a piece of ground planted full of trees.

SECTL.
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Of the figure and magnitude of the
Earth. The ebbing and flowing and
depth of the Sea. To find the dif~
tances of Places. Of Springs and
Rivers. Of drawing Maps. Adjunéts
and properties of the Earth, and the
changes that have happened in it. The
divifion of it into Kingdoms and Coun-
tries. A Table of the latitude and
longitude of Places.

PR O Pl

The figure of the earth as compofed of land and wa-
ter is mearly [pherical.

HAT the earth is {pherical, or nearly {o,

will appear from the following particulars.
- 1. Perfons that are a fhip-board {ailing north-
wards obferve the pole ftar to be higher and high-
er the further they go. Likewife they obferve new
ftars continually afcending above the horizon which
were hid before, and thefe ftars continue to rife
higher and higher the farther north they go. Like-
wife, fuch ftars as are fouthwards are obferved to
row continually lower and lower, till by degrees
they difappear below the horizon. Likewife fuch
ftars as were at firlt vertical, move gradually to-

wards the {fouth, appearing ftill lower and lower.

On
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On the contrary, when a fhip is failing towards
the fouth, the pole ftar is obferved to grow lower
and lower; and all ftars that are northward are
obferved to defcend gradually, and that in propor-
tion to the diftance failed. And at the fame time,.
fuch ftars as are fouthward, continually afcend;
and new ftars, that were hid before, are obferved
continually to emerge above the horizon, and to
rife higher and higher, fo long as the fhip’s courfe
is continued towards the fouth. Now thefe phae-
nomena, can be owing to nothing but the {pheri-
cal figure of the earth ; for if the earth was a plane,
all thefe ftars would appear always of the fame
height. But as the earth is round, new ftars muft
continually come into the zenith, as the traveller
goes north or fouth. Therefore the earth is round
from north to fouth. .

2. The fame is evident from the different longi-
tude of places; for when any eclipfe of the moon
happens, it is obferved fooner, by thofe that live
eaftward, than by thofe that live weftward. Con-
ftant experience thews, that for every 15 degrees
difference of longitude, an eclipfe begins fo many
hours {fooner in the eaft, or later in the weft ; which
arifes from the {pherical figure of the earth. But
if the earth was flat, the eclipfes would happen at
the fame time in all places; alfo day and night
would alfo be at the fame time. Butas thefe things
are contrary to experience; itis plain the earth 1s
round from eaft to weit.

3. Again, a fhip failing in any part of the world,
and upon any courfe ; at leaving any coaft, all high
towers, or high mountains, gradually difappear;
firft the bottom part becomes invifible, then the
middle part, and laftly the top; appearing to fink
gradually under the horizon, tll they be quite out
of fight. The fame is true of thips at a great dif-

tance off at fea; firft their top mafts appear, and

as

13
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Fig. as they draw neater, their lower mafts and rigging,
and laftly the whole thip. And this can be owing
to nothing but the {pherical figure of the earth.

4. In all lunar eclipfes, that ever were obferved,
and in whatever OtPoﬁtmn the earth is at that time,
{till the fhadow of the eartih upon the moon’s difk,
always as to fenfe, appears circular. And therefore
it follows that the earth, which is the body that
cafts the thadow, muft be round on all fides; that
is, it muft be fpherical. And further, fince all cal-
culations of eclipfes, and of the planets places, are
made upon this fuppofition ; am}} all an{l;fer to the
true times; which they do not upon any other fup-
pofition; therefore this confirms the propofition,
that the earth is round.

5. Several people have failed round the earth,
fetting off weftward, and continuing their courfe
weftward cnntlnually, till they arrived again at the
place they departed from. And nothing but a
round figure will admit of this.

Cor. 1. Hence the fea bas the fame convexity as
the earth, and both together make one globey and
therefore it is called the terraqueous globe.

Cor. 2. If the difference of longitude of two places,
be 15 degreess the people in the eaft will reckon
the time of the day Jooner by an bour, than thofe in
the weft. And for every 15 degrees dif. longitude,
thofe in the eaft will reckon their time fo many bours
Sooner, and thefe in the weft [c many bours later, than
the other s.

This is an immediate confequence from the
fpherical figure of the earth. For it s 12 a clock
in any place, when the fun is in the meridian of
that place. And as the fun apparently moves from
eaft m weft, thro’ 360 degrees in 24 hours; it will
be an hour of moving from the meridian of any
place, to the meridian of any other place which is

BT
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15 degrees more wefterly. That is, it is 12 a clock Fig.
at the eaftermoft place, an hour before it is 12 a
clock at the weftermoft ; and the like for the other
hours. And fo the difference of apparent times,
will be proportional to the difference of longitude.

SCHOLIUM.

It is not here meant that the earth is a perfed
geometrical fphere. For experience fhews, that
its farface. is full of mountains and valleys. And
befides it is higher at the equinoctial than at the
poles by a 23oth part, which amounts to 17 miles,
which is far more than the higheft mountains. And
yet none of thefe irregularities are difcoverable to
fenfe. And they no more hinder the earth from
being reckoned {pherical, than the roughnefs of an
orange or a lemon, hinders it from being efteemed

round,
PROP IL

The latitude of any place on the earth, is equal to
the beight of the pole above the borizon.

Let HO be the horizon of the place, Z the 1.
zenith, EQ_the equinoétial, P the pole, Pp the
earth’s axis, then (Def. 8) EZ i1s the latitude of
the place. But ECP = 'a right angle = ZCO,
from which taking the common angle ZCP, there

remains the latitude ECZ = height of the pole
PCO.

Cor. Hence the beight of the equinoflial ECH
= complement of the latitude ZCP.

For ECH = comp. of ECZ = comp. OCP =
ZCP.

PROP,
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Fig. .
; | ol 8 M Sl 1

The direltion of motion of beavy bodies at the earth’s
Jurface, is perpendicular to the furface, or plane of

the borizon, in that place.

Here the earth’s furface is fuppofed to be per-
fectly even and regular in that place, like the
imooth furface of ftanding water. Suppofe then
a body defcending to the earth by the force of gra-
vity, and that it is covered with water at that very
place ; it is plain, if the line of direflion of the
falling body is not perpendicular to its furface,
the water would not reft in that pofition, but will
run down continually towards that fide which is
loweft, that is, where the angle is obtufe ; or from
the acute fide to the obtufe fide; till fuch time as
the fluid makes right angles on all fides with that
line of dire€tion. - And by the laws of hydroftatics,
it can never reft till it get into that pofition. And
therefore this line of direction muft be perpendicu-
lar to that furface, or to the plane of the horizon

in that place.
Cor. If a body be fufpended by a firing 5 the firing

continued to the earth, is perpendicular to the horizon.

P RGP, IV,

In the globe of the earth, it is probable there is
more folid earth than watery and more [uperficial
water than earth.

The former feems to be evident from the mo-
tion of the tides, requiring generally 3 hours for
the time of hich water, after the moon’s fouthing
which could not be, if the fea was of a very great

depth ; for then the fea would have nothing to do
but



Sect. I. GCEGRARHY. 17

but to rife perpendicularly under the moon. For Fig.
in any column of water, reaching near the center
of the earth, the gravity of every particle of it is
lefflened by the approach of the moon; therefore
every particle of 1t will endeavour to rife at once,
which therefore it will do inftantly, requiring no
fenfible time; the water coming 1n laterally
from the other columns at that depth, to aflift the
motion ; which is done in a very little time, as the
water has but a few feet to rife in that diretion.
But in thallow feas the cafe is quite contrary, for
this tide of water cannot now be fupplied from an
abyfs below ; but muft come in laterally, from all
parts around, tending to the place where the moon
is vertical; and having many miles to go, muft
create a great current, and require a deal of time
to perform the motion in, juft as we fee it does in
fact. And this proves the fhallownefs of thefe
feas where {uch currents happen to be. That the
fea is of no great depth, appears alfo by the great
number of Iflands difperfed all over the broadeft
feas. And fome have fuppofed the depth of the
fea to anfwer to the height of the mountains.

That there 1s more water than land 1n the {urface,
is evident by infpetting the terreftrial globe.
And fome who pretend to have meafured both, or
rather to have weighed them, tell us, that there is
near three times as much water as land.

Cor. Hence the depth of the fea may be judged of,
by the motion or current of the tides.

For the deeper the fea is, the lefs the current
will be; as more of the water is fupplied from the
abyfs below.

PoRSErB SN Prad,
To find the latitude of any place on the earth.

Altho® this has been fhewn in the Aftronomy

(Prob. 1. Sest, 1V.) yet I fhall fhew other methods
& of
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Fig. of doing it here, as it is a very neceflfary requifite
in Geography.
1 Way.

With a very good inftrument take the height of
the pole ftar, which note down. Then at twelve
hours diftance, take its altitude again, which al-
fo note down. Then add thefe two altitudes to-
gether, and take half the fum, and this will be
the latitude of the place. " -

Inftead of the pole ftar, any other ftar will do,
that is not too far from the pole; for if it be
low at one obfervation it will be affeted with re-
frattion, which muft be allowed for, or elfe the
lat. will not be exatt.

2 Way.

If you know the declination of a ftar; take the
meridian altitude of that ftar; from this fubftraét
the declination if it be north ; or add it, if fouth-
and you have the height of the equinotial. Sub-
traét the height of the equinoctial from go degrees
and you have the latitude.

Inftead of a ftar, you may make ufe of the fun,
if his declination be known. But refrattion mult
be allowed for in both. '

PR O LS PR,
To find the longitude of any place upon the earth.

"This Prob. is very neceffary in Geography, tho’
it has been {olved before in the Aftronomy.

1 Way.

Having the time of the moon’s fouthing at any
place, whofe longitude is known; the longitude at
any other place may be found thus. Having a
meridian line, and a clock or watch exactly fet lm
' the
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the time ; obferve the time of the moon’s fouthing Fig.

at your place; then by fubtraction, find the differ-
ence of times, at this place and that of known lon-
gitude. Then as 48 minutes 1s the difference of
the times of fouthing of the fun and moon, in 24
hours. Say, as 48 minutes to 360°:: fo is the
{aid difference of times, to the difference of longi-
tude. And this difference added to the longitude
of the known place, when your time of fouthing
was fooner, or f{ubtratted, when later; gives the
longitude of your place.

2 Way.

Having the time of the moon’s fouthing at any
place whofe longitude is known, as alfo the time
of the fouthing of fome ftar near the moon; the
longitude of any other place may be found. Ob-
ferve by a clock or watch, by your meridian, how
long after or before the ftar, the moon fouths. By
fubtraction find the difference of times at the firft
place ; and having the difference of times at your
place, fubtralt one from the other for the fe-
cond difference. Then fay, as 48 minutes, to
that fecond difference ; fo 360 degrees, to the dif-
ference of longitude.

If tht ftar fouths firft, that place is eaft of the
other, whofe difference of times is the leaft.

If the moon fouths firft, that place 1s eaft, whoie
difference of times is greateft.

But the moon may alfo fouth the firft at one
place, and the laft at the other. In that cafe you
mulft take the fum of the times, inftead of the fe-
cond difference before mentioned ; and that place
is eaftward where the moon fouths firft. Thercfore
in any cale your latitude will be known; by ad-
ding or fubtracting your lat. to or from the known
lat. as the cafe requires.

—

C 2 Sc'Ho-
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ScedHor v,

In this laft method, the times of fouthing at the

place whofe longitude is known, may be found
eather by obfervation, or by the aftronomical tables.
If by obfervation, then you need not know the
preml'e times of their fouthing, but only the differ-
ence of times, by a corret clock. And therefore
if proper obfervations be made at the two places,
on any night-agreed on; that fecond difference
will be found, and from thence the diff. longitude.
And both ways, to be more exac, inftead of 48
min. the motion of the moon from the fun in 24
hours, ought to be taken from the Aftronomical
tables.

E-R O B V1L o oFrap,

To deferibe the phenomena happening to the inba-
Gitants of the feveral [pheres and zones.

I. In a right [phere.

Here the people live under the equ:naé‘tlal
m']i ther{*f@re have no latitude., 2. The inhabit-
ants here enjoy a perpetual equinox, their days and
pights’ being equal thro® the whole year. 3. All
the mri"trllanons are vifible to them, and everv
frar is 12 hours above 2nd 12 hours belew the ho-
rizon. 4. Lhe fun is twice in the year direétly
over their heads; and twice in the {folftices; in
one, -declining 237 degrees towards the north 5 in
the other, as far towards the fouth. 5. They have
two winters and two fummers in a year, as al-
fo two {prings and two autumns; the fummers be-
g when the fun is vertical.

1. In a parallel fphere.
. Here the people live under the poles, and
o qunﬁnt ly their latitude 1s go degrees, which is
the



Sect. 1. GEOGRAPHY 21

the greateft that can be. They have no eaft or Fig.
weft, or any other point but nnrth and fouth.
Thofe that live under the north pole have n{}thlﬂg
but fouth; and thofe under the fouth pole, no-
thing but north. 3. They have but one day and -
night in the year, and each of them is 6 months
iong. 4. Thofe at the north pole have day and.
fummer, when thefe at the fouth pole have night
and winter; and vice werfa. 5. The ftars never
rife and fet, but move round them in circles paral-
lel to the horizon; and therefore are always at
the fame height. 6. The fun moves continually
round about them, rifing higher and higher every
day, till he be 23% deg. high, or at the tropic.

And afterwards defeends again, by the fame dz-
grees, till he fets in the horizon.

I11. In the adlique [phere.

1. Here, there is equal day and night only twice
in the year, and that is when the fun is in the equa-
tor. 2. In fummer the days continually increafe,
and the nights decreafe, till the fun is at the tro-
pic towards their pole, after which the days con-
tinually decreafe and the nights increale, t111 the
fun be at the other tropic in winter. 3. ‘Fhe great-
er latitude any place 1sin, the longer are thﬁ long-
eft days, and.the fhorter the thorteft. 4. Some
ftars about their pole are always above the hﬂrlzc:r]
and therefore always vifible ; and fome ftars about
the contrary pole, arc always below the horizon,
and therefore never feen. 5. To. the inhabitants
of the oppofite hemifpheres, the feafons are alt
contrary. 6. To all people in the fame parallel,
the da}rs and nights are of the fame length at all
times of the year. 7. The greater the latitude of
the place is, the longer twilight continues.

C 3 1N,
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IV. In the torrid Zone.

. Thofe that live in the torrid zone, have the
fun twice over their heads in a year. 2. They have
two fummers and two winters in the year, hut of
unequal lengths. 3. Their days and nights are
unequal; and the more fo, the further they are
from the equator. 4. Thofe that live under the
tropic, have the fun but once a year over their
heads, and have only one winter and one fummer
and to them all the ftars within their polar circle al-

ways appear, but none of thefe in the oppofite
polar circle.

V. Inthe frigid Zone.

1. Here the fun continues above the horizon
for feveral days in fummer, and below the hori-
zon for as many days in winter; and the nearer
the pole, the more days it continues. 2. Here
is but one fummer, and one winter in the year.
3. In contrary zones, the one has fummer, when
the other has winter. 4. Thofe that live under
the polar circle, fee the fun geing quite round
them, when he is in their tropic ; and when he is
in the contrary tropic, he does not rife for a day.
To them the ftars between the tropics rife and fet :
the ftars between their own tropic and the pole

never fet, and thofe between the other pole and
tropic never rife.

VI. In the temperate Zone.

1. The meridian {un is always one way, viz.
fouth in north latitude, and north in fouth latitude:
and therefore never comes over their heads.
They have but one winter and one fummer in
the year. 3. The days and nights are always of
unequal lr.ngrhq except at the equinoxes. 4. Thofe

ftars about their own pole never fet, which are
within
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within that parallel whofe diftant¢from the pole isFig.
equal to the latitude. And thofe about the oppo-

fite pole never rife. 5. In the oppofite zones, the
feafons are contrary, being winter in one, when it

is fummer in the other.

PR OP. VII. Prob.

To find the length of a fmall arch of the earth, as
a degree, &c.

1 Way.

Chufe two ftations A and B on the tops of two 2.
mountains, and as far ,diftant as poffible, {o as to
be feen from one another. g having fet two
marks at A and B, which may be {feen by help of
an inftrument with telefcopic fights. = Place your-
{elf at one ftation A, and with the inftrument take
the angle BAC contained between the perpendicu-
lar AC, and the vifual ray AB. Then remove
to B the other ftation, and in like manner take the
angle ABC contained between the perpendicular
BC and the vifual ray BA. Then by adding thefe
angles CAB and CBA together, you have the
fum, which taken from 180 degrees, gives the an-
gle ACB. Laftly, meafure the line AB, leading
dzre&iy from one ftation to the ﬂther, and you wrli
find how many miles, &c. of the earth’s circuit cor-
refpond to the angle ACB. If any part of the
line AB be impaflable, and cannot be meafured di-
rectly, fuch part or parts muft be meafured trigo-
nnmetncally, by taking off ftations, asis ufual in
meafuring nacceflible diftances. -

2 Way.

Chufe two places on the Earth fituated- under
the fame meridian, in a level and even country,
and as far off as poffible, fo that one may travel

C 4 from
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g. from one to the other in a right line; take the la-
2.

titude of thefe two places feparately (Prop. V.)
which note down; and fubtratting one from the
other, gives the difference of latitude. Then mea-
fure the diftance of the two places in a direét line 5
and you will know what length in miles, &c. be-
longs to that arch, or difference of latitude.

3 Way.

Take two places as before in a very level coun-
try, and in the fame meridian, and as far diftant
as you can. At thefe two places, let the meridian
altitude of fome noted ftar be cxaltly taken, the
difference of thefe altitudes fhews the diftance of
thefe places in degrees, &c. Then if the diftance
of the two places be exaltly meafured, it will be
known how many miles, &c. anfwer to that arch
on the earth; and confequently how many to a
degree,

Cor. Hence at a medium, the length of a degree
upon the earih is about 69.31 Englifb miles.

In the year 1635 Mr. Norwood meafured the
diftance between I.ondon and York, by which he
found the length of a degree to be 367196 feet or
69.54 miles.

Mr. Picard found a degree in the middle of
France to be 570f0 French toifes. And Mr. Ca/-

Jini afterwards found the fame length.

Mr. Mu(fcheniroek found a degree in Holland to
be 57033 toifes.

Mr. Maupertuis, afterwards correcting Picard’s
meafures, makes only 56926 toifes to a degree.

In the year 1736 Mr. Maupertuis and his com-
pany were fent by the French king into the gulf of
Botkbnia, to meafure a degree of the meridian.
And they found the length of a degree under the
polar circle to be 57438 toifes.

At
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At the fame time Mr. Bouguer and CondamineFig,
were fent into New Spain, and there they found 2,
a degree under the equator to be 56753 toifes.

But Bouguer in his Navigation ftates it thus,

- adegree at the equator 56748 toifes
— 1n lat. 45 57000
—under the polar circle 57422.

From thefe meafures, one may reckon the
mean length of a degree to be about 57050
toifes, or 365586 feet = 69 24 Englith miles; and
the mean between this and Norwood and Picard
is about 69.31 Englith miles.

Note, a toife is reckoned equal to 6.4080 feet
Englifh, or only to 6.4 by fome writers.

P ROP.. o ¥X0 - Prob,

To find the circumference and diameter of the earth.

Having the length of a degree by the laft Prop. ,
If that be multiplied by 360, the product gives
the circumference; and this divided by 3.1416
gives the diameter ; and half of the diameter is
the radius. All this fuppofes the earth to be a
iphere, or very near it.

Cor. Hence the circumference of the earth is
24951.6 Englifb miles, the diameter 7942, and the
radius 3971, or thereabouts.

2RO P 2%

Suppofing the body of the earth to be every where
of equal denfity 5 its figure is nearly that of an oblate

Spheroid.

Let APEG be its figure, PG the axis, ACE 3

the equinotial, And 1{:1: FPHG be the infcribed
iphere,
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Fig. fphere. Draw BID parallel to AC, If it was not
for the diurnal revolution, the equal gravitation
on all fides, would caufe it to have a fpherical fi-
gure, {fuch as FPHG. But by its rotation round
its axis, a part of the gravity is deftroyed, by
the centrifugal force; and the diminution of the
gravity in every place, will be proportional to the
centrifugal force in each place; and therefore if
we fuppofe the earth in form of a fluid, that cen-
trifugal force will caufe the fluid parts to rife high- -
er about the equator, in order to keep an equi-
librium ameong all the parts of it.

Now fince AF = AC—PC, the part AF is
fuftained by the centrifugal force. And to find
how much is fuftained at B thereby, we have (by
Cor. 3. Prop. 11I. Centrip. forces) the centrifugal
force at A: centrifugal force at B in the plane
DB:: AC:BD:: AF (the effe& of the cent. force
at A): BI (the effe& of it at B). And by divifion
AC:BD:: FCor PC:ID. Therefore (by Prop.
XIX. Ellipfis) GAPE is an ellipfis, and the earth
a {fpheroid.

Cor. 1. The tincreafe of gravity, in going from the
equator to the pole, is as the [quare of the cofine of the
latitude.

Draw 1C, and BL parallel to it or perp. to IL.
Then fince BI reprefents the centrifugal force of
B, a¢ting 1in direCtion 1B perpendicular to the axis
PC, if this be divided into the two forces 1L,
BL ; the force IL is no way oppofed to the force
of gravity, but the force LB is diretly oppofed to
it. Therefore the diminution of gravity at A : to
thatat B::as AF:to BL. But AF to BL 15 com-
pounded of the ratio of AF to Bl or IC to ID, and
BI to BL or (by {imilar triangles) as IC to ID,
Theyefore  AF : BY. 2« #C* or FC* to 1D * “Thhere-
fore the dimmution of gravity at A :is to the dimi-

- nution
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nution at B: : FC*: ID*. Whence the diminution Fig.
at any place B being as ID®, it is continually dimi- 3.
nifhed (in that ratio) from P to A. But a diminu-

tion from P to A, is the fame thing as an augmen-
tation in going from A to P.

Cor. 2. The gravity of a body at the equinoftial A,

is to the gravity of the [ame body ar the pole P : :
reciprocally as PC 1o AC,

For the gravities of the whole columns AC, PC,
are equal; and therefore a certain quantity Q,

will weigh at A, %, and at P, will weigh ol

And thefe are as E% and k’IC , or as PC to AC.

Cor. 3. Inftead of fuppofing all the earth in the fate 4
of a fluid, if we [uppofe there is in the middle of it,
a [phere of folid matter, or terrella, as GFPH, en-
compaffed by a fluid. The figure of the earth will then
approach nearer to a [phere 5 fuppofing the denfity eve-
ry where equal.

For let AFPQ_be a part of the water or fluid ;
then the diminution of gravity, in the columns
CA, CB; going direttly to the center, arifes from
the centrifugal force as before. But the centripe-
tal force does not affect the parts of the columns
CF, CL, below; but only the upper parts AF,
BL. Therefore only theé parts AF, BL, are in-
creafed in the ratio of the cofine fquare of the lati-
tude (by Cor. 1.), the parts CF, CL remaining
equal 5 and confequently the wholes AC, BC,
muft be nearer a ratio of equality ; that is, the earth
approaches nearer to a fphere.  And the more fo,

the lefs the fluid matter, or the greater the terrella
at the center,

 Cor. 4. Aud therefore the earth is the moft oblate
it can be, when the whole of it is in a fluid fate.

2P R A
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PRO P.ﬁ X1. Prob.

Having the length of a degree in two feveral lati-
tudes of the earth; to find the polar and equinottial
diameters of it.

Let AC be the radius of the equinotial, CP
the femiaxis, draw BD parallel to AC, and BR
perpendicular to thecurve in B. And put CA =g,
CEee v Chri=o B =y 8 dar. DER =%
Calvr=tu-oBRizm gt di = length of a degree at B.
Then by the nature of the ellipfes BD* = yy = aq

aa
— o X,

ee
Then (by Cor. 1. Prop. XI. Ellipfis) DR =

aa a%
432 AndBD:DR::c:5,0rgas —Z2z: £ 2z

e —

ce ee et

: aa
csce: 55y that is, ee — 2zz: = 2z : :cc:55. Whence
ee

esss . aa
G e 20 Again, s: DR (mz) : : Rad.
ccaa--ssee ee

(1):BR or = = 2%% . But the radius of curva-

(A

ture in B is equal %i, b being the parameter. (See

my Fluxions, Prob. V. Seét. II. Schol.)
Now in the fame figure, the length of a degree
in any place, is as the radius of curvature in that

; w3 box3 .
PIHCC; therefore d is H.S_mg—, or as 5 , that 1s,

bbet 53
2! : 2z
as =_; b, a and e being conftant. But —— =
$ 58
4 >3 25 :
2 R T [ — - . Therefore
ccag 4+ ssee $? ccaa + sseel

d 1s
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g és 5
d 1s as - O as I -, € being con-

ccaan 4= .fsfelﬁ ccaa ;= ssee>
1 ;
uttin =il s
ccaa+ssee = PP g2

For the fame reafon, in any other latitude, P OC

: . Whence p: : sy Pl
CCaa + SSee | ccaa+- ssee -

. : Therefore PCCasz + PSSee —
CCaa + SSee |

pecaa + pssee, and PCC — pec.aa = pss — PSS.ce
aa __ pss— PSS _ PSS —pss P it
¢¢. PCC—pec  pec—PCC’ ¢
\/PSS 2% — £, for fhortnefs.

ftant ; and 4% o¢

pee — PCC |
Let » = radius of curvature in B, then r X
d
OasiEididnd = " But we had £.=
017453
w3 e g¢ o af 2} aa 23
4 o S, R ¥ ST e —
bb at gr.. L et $3 e+ 53
aa es ¢
% — = ﬂi‘f — 3 and r X
€* ' ccaa 4 ssee ccaa + eess|*

]
ceaa -+ sseer — gaeey Or (btcaufc o s fr), r X

coffee % sseel: = ffet.  And dividing by ee* or ¢,

cpmiar, r &
we have 7 X «cff + ssd* = ffe, and ¢ = 7 X

ity iy
ecff + J‘I, ¥, Whence 2 — e = }" X cfﬁ ~+ .f.r__%.

If the two latitudes be at the pole and the equa-
EOTe= 0, candl C'= ayrand Si=siyfand e = 15

s
thin o or f becomes = v ; and e = V/ddD ;
S 4 01745
and'q = ”ﬁ@

01745

Take

Fig.
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Take the two latitudes of 66° 31, and 48° 50,
and the meafures of the degrees 57438 and 56926,
according to M’aﬂpermn, and Picard correlted.

And there comes out £ or f = 1.0109, and ¢ =
e

3237300 toifes = 3929 miles, and 2 = 3972, the
difference 1s 43 miles, that the earth is hlgher at

the equator than at the poles, which is — part of
g2

the radius..

Again, if the meafure of a degrf:e at the equator

and polar circle be taken, which are 56753 and

57438, as fet down in the VIH Prop. Then the .

difference of the femidiameters will be __I_é the ra-
21
dius of the earth.

If we take the meafures at the equator and in

France, lat. 0, and 48 50, which are 56753 and

56926 toiles, the difference of the femidiameters

will be "'17'} of the mean femidiameter. Or if Pi-
5

card’s own meafure be taken, 57060 ; the difference
I

will be ——.
320

If we take Bouguer’s meafures 56748, 57000
and 574223 fc:r the latitudes o, 45° 66_'. The

firft two give — 5 the firftand laft, —; and the
339 215

two laft, ——, for the difference of the radii.

139’
In the Aftronomy (Se&. V. Prop. 25. Cor.) 1

‘have thewn from the theory of gravity, that the

difference of the femidiameters is ﬁ_ And Sir
5

‘ J. Newton makes it —.  And other people pur-

230

fuing
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{uing different methods and meafures, have found Fig.
other numbers, all differing from one another. 5.
Particularly Bouguer by ufing {everal numbers, finds

JE for a mean.  Whillt Fxan (who accompanied
7

them to the fouth) makes ..I_g for the difference of
<3
the radii.
ScHOLI UM,

In acafe of fuch uneertainty as this, what can
we conclude on? Only this in general, that the
earth 1s flatter at the poles than at the equator, or
higher at the equator than at the poles. For fo
great is the difference refulting from thefe feveral
obfervations, that fome of thefe numbers are twice
or thrice or even four times as great as others. And
who knows which is right, or which to truft to?
Sir I. Newtow's, calculated from the theory of gra-
vity, {eems to be about 2 mean among them. The
meafures under the polar circle and in France,
make the height at the equator more than twice
as much as Sir Ifaac. Whilft the fame meafure
under the polar circle, and that under the equinoc-
tial, makes the height about the fame as Sir laac
does. Now all this inconfiftency mult arife from
fome of thefe caufes. 1.From the defects of meafu-
ring. 2. The fhrinking or lengthening of their
poles. 3. Errors in taking the latitude. 4. The
attractive force of mountains. Or 5. That the
earth is not a true fpheroid. 1. As to the defeds
of meafuring, according to theaccount Maupertuis
gives, all imaginable care was taken about it. Yet
iome errors might happen, by not laying the rods
in a right line from right to left. Or fome might
happen, by not laying them exattly horizontal.
For if in any cafe they made any angles, tho’ very
imall, but being often repeated, they would a-
' mount
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Fig. mount to fomething ; and then the diftance of their
5¢ ftations would meafure to more than it really was.
And it would be difficult enough to lay the rods
truly horizontal, among fo much fnow as they had
to wade thro’. Add to this, that thefe rods might
bend in fome places and {fo become fhorter. 2. As
to the alteration in the length of the rods, Mauper-
tuis tells us they could difcover none. But I never
yet met with any fort of bodies, that were not af-
fected with heat and cold. And 1 can never think
that wood, efpecially fir, is fecure againft it. For
how could they be fure of the contrary; for if
they brought their rods out of a cold into a warm
place, where their thermometers were kept, they
would immediatei}r expand with the heat, and
during the time of meafuring would be reduced to
the fame ftate as their ftandard. In like manner,
if the rods were brought out of a warm place to be
meafured in a cold one by their ftandard, the cold
would certainly contralt them, and reduce them
to the fize of their ftandard. And this is the more
probable, becaufe they took a great deal of care
to have them nicely adfjuﬁed, which would require
the more time to perform the operations in; and
being all the time in one place, they muft partake °
of one ftate. So that if the rods did really lengthen
and fhorten, yet I cannot fee that they could have
any certain way to find it out. And 1 take this to
be the principal caufe of a degree meafuring to fo
many toifes, happening thro’ the contraltion of
the rods, by fuch an extreme degree-of cold. But
if Maupertuis will have it, that heat and cold have
no effe&t upon them; then the curious mechanic
need feek no longer for a metal to endure heat and
cold without any alteration; for here wood will do
the bufinefs. However, we know that wood will
be contrafted or dilated by drought or moifture;
and then this quality may be as pernicious aslntlm
' OLacr.
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other. 3. The errors that may happen in taking Fig,
the latitude, may be the incorrectnefs of the inftru- 2.
ment, or the want of care in ufing it. = But neither

of thefe has any place here, as they had the beft of
inftruments for this ufe, and the ableft hands to
ufe them. 4. The irregular attrallion of moun- #
tains may have fome effect here ; for all their ope-
rations were performed among mountains. And a
like effe¢t happened to the fouth mathematicians;
for they found the attrattion of a great mountain, e
had fo much influence on a plumb line, as to caufe

it to deviate 7 or 8 feconds from the perpendlcu-
lar. But fuch an effe& was not expedted in the
north, and fo no experiments were made about it. ,
What 1s faid of mountains is applicable to fuch
parts of the earth as are denfer than the reft, which
will have a like effect, tho’ they are quite invifible #
tous. And a {mall matter will deftroy the accu-
racy of an experiment {o nice and curious as this is.
We may obferve that for every error of r fecond,
there will be an error of 16 toifes; and in 207,
will amount to 320 toifes, which makes a {enfible
difference. Add to this, that the very fhort bafes
that are made ufe of 1n {uch cafes, 1s another caufe
of error. For a very fmall error made there, will
be greatly multiplied at the far end. And yet
thort bafes will perform better than long bafes, for

a great part of thefe will be upon uneven parts of
the ground, which cannot be truly meafured. 5. But

if the ezrth be an irregular folid ; no meafures can
ever confpire to make 1t regular. And what ground
have we to think it is regular. The internal parts
of it are unknown to us. It may happen to be
denfer towards the poles, or it may happen to be
denfer towards the equator. But thefe two diffe- «
rent fuppofitions will caufe different figures. And

as the internal conftirution of the earth is unknown

to us, the true form of it will always remain a fe-

cret ; tho’ it cannot be far from that of a fpheroid.
D And
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Fig. And tho’ thefe eminent perfons that were fent to
5. meafure the earth, have made furprifing difcoveries,
and have executed their defign as far as human art
could go: yet an operation fo nice, fubtle and
critical, can never by any art be performed to the
required exactnefs. So thatI think it better to ac-
quiefce in Sir 1. Newton’s numbers, for the figure
of the earth, which he found by the theory of gra-
vity; at leaft till we can get fomething better. Efpe-
cially as it is a mean among the different figures,
which thefe inconfiftent and various meafures have
afforded us. And upon this footing I will put down
the following table, after I have confidered the
lengths of pendulums. |

Cor. 1. The length of a pendulum vibrating [econds,
increafes from the equator to the pole, as the force of
gravity increafes, that is, as the fquare of the cofine of
the latitude.

For (by Prop. XXVII. Mechanics), the length
of the pendulum, is as the force of gravity ; and
therefore the increafe of the length, is as the in-
creafe of gravity, that is (by Cor. 1. Prop. X.) as
the fquare of the cofine of latitude.

Cor: 2. The length of a pendulum at the equator is
10 the length of a pendulum at the pole, as the axis of
the earth to the equatorial diameter.

For (by Cor. 2. Prop. X.) the gravity is in that
ratio. Yet by experiments, it appears that the length
of 2 pendulum is ftill lefs at the equator ; and there-
fore the gravity is lefs there than in that ratio; and
confequently the earth is higher at the equator than
we fuppofed. For the gravity in any place muft
be reciprocally as the height of the earth in that
place from the center ; becaufe the {feveral columns
of the fluid, reaching to the earth’s center, exactly
ballance one another. But the lengtheping of a
pendulum in different latitudes is fo Imall a matter,

* (being
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(being but the 23oth part), thatit will be veryFig,
difficult to meafure it exaltly; and efpecially in
different countries, where this experiment is diftur-
bed by heat and cold. However all thefe experi-
ments tend to prove this, that the earth is higher
at the equator than at the poles. But to find ex-
actly how.much higher, will never be known from
fo nice an experiment as the different lengths of
pendulums, no more than it can be from the
different meafures of. a degree upon the earth.

A table of the lengths of a pendulum to vibrate

feconds ; and the length;uf a degree, to every sth

degree of latitude.

' length length
df:grees. degrce. penduglu_m,
miles. inches.

O 65.?23 39.027

5 68.720 39.029

10 68.750 39.032
15 68.783 29.020
20 68.830 39.044
25 08.882 39.057
30 | 068.950 39.070
35 69.020 39.084
40 64.097 89.097
45 BB 13499 1L
50 69.256 20-.126
55 69.330 29.142
60 69.401 39.158

5 69.467 9.168

79 |,.69,522 | 39-177
715 69.563 20.18 5
80 69.60 1 29.191
85 69.620 29.19%

) 90 ! 69.628 29197

D

»
=)

PR Oor
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B.R Oulx. X1l

The ebbing and flowing of the fea is canfed by the
attrailions of the fun and moon.

Let ABCD be the earth covered with water, L
the fun or the moon. Then fince the attrattive
force of the body L is reciprocally as the fquare
of the diftance, the water under L being nearer than
the center T of the earth, the water at A will be
more attracted than the parts about the center T ;
and therefore the water will rife at A and fubfide
at D. For the difturbing forces of the fun and moon
(explained in Cor. 3 and 4, Prop. XXVII. Centr.
forces) will accelerate the water from the quadra-
ture D to the fyzigy A (by Cor. 8. 1b.), and retard
1t from A to the quadrature B. Now as the earth
turns round its axis from D thro’ A and B; the
water, from D to A being continually accelerated,
will move fafter than the earth at A. And being
continually retarded from A to B, and drawn
back ; it will move flower at B than the earth.
‘T'herefore at fome intermediate point N, the water
will be at reft in refpett of the earth, Therefore
fince it moves on all fides towards N, it muilt be
accumulated there; and therefore i1t will be full
tide at N.  Alo at fome point Q in the quadrant
DA, the water will alfo be at reft; but as it moves
on all fides from Q, therefore the water will be
deprefied at Q3 that 1s, 1t will be ebb or low wa-
ter at Q.

Likewife in the oppofite hemifphere BCD, the
attration being g reater at T, than at C, by the
body L; T will endeavour to leave C behind,
whlch comes to the fame, as if C was attracted from
T in direétion TC, JLI[IZ as A was attracted from
T ; by the difference of the attrattions. The con-

fequence
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fequence will be that the fame effects will happen Fig.
in the hemifphere BCD, as in the other DAB; the ©.
water will be accelerated from B to C, and retard-

ed from C to D; and at fome point P (oppofite 20
N) it will be accumulated, where 1t will be flood ;
and at fome point O (oppofite to Q) it will be de-
prefled, and there it 1s ebb. So that there are
two floods and two ebbs in the fpace of 24 (lunar)
hours. The point N where it is flood is always
paft the moon’s meridian at A; and the farther
paft it, the fhallower the water is, or the quicker
the earth’s motion. Generally, it is about 3 hours
pait.

Cor. 1. At the time of the new and full moon, the
tides are the greateft 5 end in the quarters the leaft.
- The former are called [pring tides, the latter neap
tides.

For at the new and full, both fun and moon are
m the line AC, and both raife the tides at A and
C by their joint forces. But in the quarters, one
raifes the tide at A and C, and the other at B and
D. In the firlt cafe the height of the tide will be
as the fum of the forces; in the fecond cafe, as
their difference. But as the moon’s force is four
times as great as the fun’s, the fun will always
make fome tide tho’ lefs,

Cor. 2. But the [pring tides do not happen om the
day of the change or full. Nor the neap tides on
the days of the quarters; but about 3 days after.

For the waters will retain the motions imprefled
upen them for fome time after ; the’ the forces of
the luminaries fhould quite ceafe. But as their
forces are very little diminithed in 2 or 3 days,
the tides will ftill increafe for a time. '

Cor. 3. Thefe are the greateft tides, when the moon
(as alfo the fun) is neareft the earth, '
L 3 For
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For then the difturbing force is greater.

Cor. 4. The tides are higher when the moon (and
alfo the fun) is in the equinoiiial.
- For the effeé will be greater in a great circle,
and lefs in a lefler. At the pole it would be no-
thing ; there would be no reciprocation.

Cor. 5. The tides are greater in lefler latitudes,
than in greater. _
For the motion 1s lefs in a lefler (or parallel; cir-

cle, than in a greater. At the pole it would be
nothing.

Cor. 6. The times of the tide bappening in particu-
lar places, may be very different according to the fitua-
tion of thefe places. And likewife the beight.

For the motion of the tide 1s propagated {wifter
in the open fea, and {lower thro’ narrow channels
or fhallow places. And being retarded by fuch
impediments, they cannot rife {o high.

ScHOLIUM.

As the moon is the caufe of a tide in our fea, fo
the earth will allo raife a tide in the lunar fea, if
there is any. But that tide will be greater in pro-
portion to the greater force of the earth (which
1s about 40 to 1) and lefs in proportion to its lef-
fer diameter (which i1s 1 to 3.65). Therefore if . |
the moon raifcs our tide 8.6 feet, our earth will
raife their tide about g3 feet. But as fhe turns the
fame face always towards the earth, that tide will
ftand there, without any reciprocation. And the

moon will put on the figure of an oblong {phe-
roid. '

PROP.
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P'R O P. XIIL. "~ Prob.
To found the depth of the fea.

Take a narrow cylindrical tube 44, 2 feet long 12.
or more, the longer the better; clofe at the top
a, and open at the bottom 4. Fit a cork to the
end 4, to go pretty eafyin. Then immerfe the open
end 4 into a veflel of treacle, fo that the treacle may
afcend about half an inch in the tube. Then whilft
it is in the veffel, put the cork in at 4, which will
force the treacle up to ¢, and keep it there.
Then this tube muft be inclofed in a ftrong brafs
veffel or cover DE, of great weight, that it may
fink far enough ; and 'full of holes in the fides, to
let the fea water go freely in and out. After the
tube is put into this brafs cover, fill it full of wool
on all fides, to hinder the tube from breaking a-
cainft the cover. Then the cap G muft be fcrewed
on to keep all faft. At F 1s a ring fixed to the
brafs cover, and a long cord is to be tied to this
ring 3 and fo the whole machine funk into the fea,
till it reach the bottom, if the cord will reach fo
far. Then it muft be drawn up by the cord ; and
obferving how far the infide of the tube is daubed
with the treacle, as at »; the preflfure of the water ;
and confequently the depth will be known: and

the depth is 22 ip 330, in yards.
ar

For 10 yards deep of the fea is about equal to
the weight of the atmofphere; and at all depths,
the preflure, -as alfo the depth, is reciprocally as
the {pace ar, that the air is comprefied into. There-

ab
fore — = number of atmofpheres prefling upon
ar

the cork at 7. But one of thefe atmofpheres is
D g {pent
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Fig. fpent in keeping it at 2, or keeping the included
12, air in the ftate @b, when the depth of the water is

nothing.  Therefore the number of atmofpheres

prefiing it from & to r is %i —1 3 and confequently

the depth = .f..b.—t % 10.
ar

ScuorLruM.

It may be fuppofed that the length of the cord
is fufficient for meafuring the depth, without this
apparatus. But this will not hold, for thefe reafons ;
1. becaufe the fhip being in motion, the weight
does not fink perpendicular ; and 2. where there is
any under current, it will alfo carry it out of the
perpendicular, tho’ the thip was to be at reft.

PR OPXIN, Pkl

To find the diftance of any two places upon the
earth whofe latitudes and longitudes are known.

If the places have the fame longitude, or be un-
der the fame meridian, there is no more to do but
to fubtract one latitude from the other, when they
are both on one fide of the equinoétial ; or add
them, if on different fides; and the difference or
the fum is the diftance in degrees.

In general, let EPQ_be the meridian of one

" place, EQ the equinoétial, P the pole, A and B

the two places whofe diftance is required, PB the
meridian of B. Thro’ A and B draw the great cir-
cle AB. Then fince the longitudes are given,
their difference of longitude or angle APB, is
found by fubtratting one from the other. And the
latitudes being given, the complements thereof
will be known, or their diftances from the fame pole
P, thatis AP and BP, Therefore in the triangle

APB,
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APB, there are given the two fides AP, BP, and Fig.
the included angle APB; to find the fide AB, by »”
Cafe 8 of Spherical Trigonometry.

From the end of the lefler fide AP, let fall the
perpendicular AD, wupon the -longer fide PB.
Then,

Radius :

Cof. AFB ¢ :

Tan, 2P

Tap. 1P,

Then DP taken from BP, when the angle APB
is lefs than a right angle; or added to it when
greater, gives the fegment BD. Then,

Cof.'PD':

Coli BA: ;¢

Cof. BD :

Cof. BA, the diftance required in degrees ; which
multiplied by the number of miles in a degree
(found in the table under Prop. XI. for the middle
latitude), gives the diftance in miles.

If AP and PB happen to be equal, as when the
places are in one parallel of latitude ; the folution
will be eafier. The proportion is this,

As Radius :

Cof. latitude of either place AP : :

S. half the diff. longitude APB :

S. half the diftance AB, which doubled gives the
diftance fought, in degrees, on the arch of a great
circle.

-

PR'OP. XV. -Prob

Having the longitude of two places in one parallel ,
to find their diftance on the parallel.

Finding the diftance in the arch of a great cir-
cle, was {olved in the laft Prob. And to find the
diftance along the parallel; fubtrat the longitude

of
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Fig.of one from that of the other place, to get the
. difference of longitude. Then fay,

As Radius :

Colf, latitude : :

Difference of longitude :

Diftance, in degrees of the equinoflial ; which
multiplied by 69.31, gives the diftance in miles
Englith. Or multiplied by 6o gives the diftance
in geographical miles.

Otherwife thus,

From the following table take the length of 2
degree for the given latitude, which multiply by
the difference of longitude in degrees, give the
diftance in the parallf:l in geographical miles,

A Table
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A Table fhewing how many geographical miles Fig.
are contained in one degree of any parallel, for
all latitudes.

degr. | geog. }dcg. geog. deg. geog. l dfg: geog.
lat. | miles. !Iat' miles. || lat.  miles. || lat. | miles.

6c,oﬁi23 55.23“ 46141.68( 6921.50
59:99| 24 |54-81|147 140.92| 70]20.52
59.96|(25 |54.38{148 140.14) 71[19.53
59-91{ 26 153.931 49 |39-306| 72 |18.54
59-85(,27 53446150 38.57|73|17-54
{59-77)1 28 |52.97] 51137.76| 74 [16.53
59.67! 29 152.47| 52 (36.94[ 7515.53
5955\ 30 51.96( 53136.11}|76|14.51
59-41)i31 |51.23) 5435.27 |77 13.50
59261 32 |50.88]l 55134.41}78112.47
10 159.09|33 50-32456 33-5579(11-45
Il 58.89134 49.74| 57132.68|| 80 |10.42
12 (58.68! 35149.15) 58131.79[181] 9.38
13 158.46]| 36 {48.54/ 59130.90[182] 8.34
14 |58.22|| 37 {47.92!| 6030.001183] 7.31
| 15 |57.95]38 |47.25|{61 |29.00||84| 6.27
16 |57.67i139 146.62||62 128.1%| 85| 5.22
17 157-38] 40 [45.96]163127.24(/86| 4.18
18 57.00| 41 |45.28){64 }26.30]|87| 3.14
19 (56.75| 42 |44.58||65 |25.35|188| 2.09
20 '56.391| 43 '143.88 66|24.40||89] 1.05
21 i56.m 44 43.161167123.44|i90} o.00
22 155.63] 45 |42.42)|68 |22.47

O e~ v [ N8 = O

PR Ol 1 XNV

The origin of [priugs and rivers is entirly owing 1o
rain and vapours.

The ancients had very unaccountable notions
about the caule of fountains and rivers; and many

of
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Fig, of them abfurd and even impoffible. Some of them
imagined large caverns and receptables of water
within the earth, placed there from the beginning,
which were to keep running for ever without any
fupply. Others fuppofed vaft quantities of fteam
or vapour to be raifed within the earth by the force
of fubterraneous fires, which perfpiring thro’ the
earth, and condenfed near the earth’s furface, might
be fufficient for the production of {prings and ri-
vers; as if there were a vaft number of boilers or
natural alembicks, placed within the earth, on
purpofe to generate fteam, to be converted into
water for {prings. Others fticking by the words
of fcripture, would have the water of the fea, con-
trary to its nature, to afcend to the tops of moun-
tains, and breaking out from thence, to form
fprings and rivers; as if there was no other way
but this, for rivers to be derived from the fea.
Others again would have water conveyed from the
{ea by fome miraculous and fupernatural powers;
as iIf God had not been able to do this in a natural
way, but in the firft inftitution of nature, fhould
impofe a perpetual violence upon nature. Others
recur to the influence of the celeftial bodies, for
attracting the water to the higher parts of the earth.
All which {uppofitions are too weak to endure any
examination. But leaving fuch whims and chime-
ra’s, let us affien the true caufe. The true caufe
then, isthis. The heat of the fun draws vaft quan-
tities of vapour from the fea, which being carried
by the wind to all parts of the globe; and being
converted by the cold into rain and dew, it falls
down upon the earth; part of it runs down into
the lower places; where it immediately forms ri-
vers; and the earth drinks up the reft; part of
which ferves for the purpofes of vegetation, and
the reft defcending into hollow cavern and places
within the earth, is lodged there for a while;

which
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2
which breaking out by the fides of the hills, form Fig.
little {prings, which will continue to run till thefe
fources be exhaufted, or more rain comes for a
new {fupply. Many of thefe fprings running into
the vallies, form little rivulets ; and {feveral of thefe
meeting together make a river ; and {everal of thefe
meeting again, if the way be long enough, form
large nivers, which at laft empty themfelves “into
the fea. |

That the fun exhales as much vapour as is fuffici-
ent for rain is paft difpute; it has been proved by
actual experiments ; and befides it is the only procefs
that nature affords. The only difficulty is to know
certainly whether the rain falling in a year, be fuf-
ficient to keep the rivers running for a year. In
order to know this the area of fome particular coun-
try muft be meafured in fuperficial degrees. Then
all the rivers running from thence into the fea muft
be noted, and their tranfverfe fe€tions taken juft a-
bove the tide mark, at a mean depth, and a mean
velocity., Then it will eafily be known how much
1s difcharged in a year at all thefe feClions of thefe
rivers. ‘Then the depth of the rain falling in a
year being known by experiment, being in fome
places 16 inches, in fome places 20, in others 3o0.
Then a quantity of water whofe bafe is the whole
area of the country and of this depth, is the fund
for a year’s confumption, Therefore comparing
thefe two quantities together, the queftion will be
decided. A French author has made a computa-
tion this way, for the country lying about the river
Seyne \n France, and finds that 6 times as much
water falls in a year as is fufficient to keep that river
always running. Five parts out of fix are employ-
ed in feeding of trees, herbs, and expence of va-
pours, and extraordinary floods, and other wafting
of the water, by finking into the ground.

Dr.
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Fig. Dr. Halley fays, the vapours that are raifed co-
proufly from the fea, and carried by the winds to
the ridges of the mountains, are conveyed to their
tops by the current of the air; where the water
prefently precipitates, gleeting down by the clefts
of the rocks; and part of it entering the hills, is

colleéted into bafons or receptacles ; which being
filled, the water breaks out at the fides of the hills,
where it can find vent; and forms fprings; feve-
ral of which form rivulets, and many of thefe make
ariver, fuch as the Rhine, the Rhone, the Da-
nube, &c. '

Thus one part of the vapours, is returned again
by rivers into the fea ; another part, by cold nights,
fall again into the fea, .in dew or rain, which is
much the greateft part: a third part falls on the
lower lands, and is the nourifhment of plants.

All the phenomena of rivers and {prings confirm
this account. For in a long drought, rivers and
{prings grow very low, and are fometimes dry;
growing lefs and lefs as their magazine is more and
more exhaufted. In mountainous places, the rivu-
lets at the beginning are very {mall, but grow big-
ger the further they go, by the accefs of other fmall
parcels of water. Therefore the heads of all rivers

‘are at the mountains. In places where it never

rains, and yet have rivers; thefe rivers come from

places where it does rain, but run thro’ thefe coun-
tries that have none, in their way to the fea; but
receive no augmentation in their way; and in fuch
countries there are few rivers, only fuch as are ge-
nerated from dews and mift. That the {ea i1s no
bigger for all the rivers running into i, is becaufe
the water returns back to the land, in vapours. It
is found by digging into the ground, that all places
at any great depth are full of water. If it was not
fo, there would be no need of engines to draw the

water out of mines. For' the rains that fall uPtgn
e
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the earth, not being immediately fent off by the ri- Fig.
vers, a part of it lying upon the ground muit gra-
dually fink into it, defcending lower and lower,
thro’ narrow fiffures and crevifes; from whence
none of it can return, but what breaks out in
{prings, according to this theory.

Cor. 1. There is a continual civculation of water
from the fea to the land, thro’ the air in vapours and
rain 3 and from the land to the fea, upon the earth, by
the rivers.

Cor. 2. Hence, thofe are the largeft rivers that run
thro’ the lavgeft trafl of ground.

For the longer the tract of ground, the more
rain falls, and confequently the greater any river
will be. The further they go, they are perpetually
gathering.  Such 1s the Danmabe running over a
length of above 8oo miles, and at laft falls into
the Euxine {ea.

Cor. 3. Wherever we find a large viver, in any
country known or unknown, we may be fure of this,
that it runs over alarge tradt of land. But where on-
ly fmall rivegs are to be met with, it indicates a fmall
country.

This may be of fome ufe to thofe that are feek-
ing after new countries.

P RO ¥ NVIL Prob.
To draw a map of the world.

A map is a geometrical draught or reprefentation
- of any country, fhewing the true fituations of all
places contained therein, as to longitude and lati-
tude. . And likewife all mountains, rocks, rivers,
lakes, woods, forefts, mines, {ands, havens, and
whatever is remarkable therein; and alfo how 1t is

bounded
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Fig. bounded by fea or land, on the eaft, weft, north,

and fouth.

It is an eftablithed rule among all Geographers,
that the top or upper part of any map is the north,
for Geographers always turn their faces towards
the north pole, in viewing or defcribing the feve-
ral regions of the earth. On the cnntrar}r, Aftro-
nomers, obferving the twelve conftellations of the
zodiac, loock towards the fouth. Priefts look to-
wards the eaft, and Poets towards the weft.

There are {everal methods of drawing maps ufed
by different people ; the principal whereof we fhall
here defcribe.

1 Method.

A map of the world muft reprefent two hemi-
fpheres ; and both muft be drawn upon the plane
of that circle which divides the two hemifpheres.
The firft way is to project either hemifphere upon
the plane of the firft meridian, by the rules of or-
thographic projection, laid down before. And
then upon another equal circle, project the other
hemifphere by the fame rules. Here the meridians
and parallels are to be projeted to every ten’ de-
grees difference of laticude, and longitude ; or if
you pleafe, to every 5 dcgru:s Upﬂn the plane
of the meridian, the meridians will be ellipfes, and
the parallel circles all right lines. Upon the plane
of the equinoétial, the meridians will be right lines,
and the parallels of latitude will be circles. The
fault of this way of drawing maps, is, that near the
outfide, the circles will be too near one another;
and therefore equal fpaces on the earth will be re-

prefented by unequal fpaces upon the map.

o Method.

Another method 1s to preject all the meridians
and pa"ﬂ!r::ls by the rules of {tereographic projecti-
on, likewife laid down before. And this is to be

done
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done for both hemifpheres; and may be ecitherFig.
upon the firlt meridian or upon the eguinoftial. 8,
And by this method all the parallel circles will be
reprefented by circles, and the meridians by circles

or right llnes Here again equal fpaces on the
earth are reprefented by unequal fpaces in the map.

For on the outfide, the circles are too far diftant,

and near the middle too near together. To remed}f
thefe things, another method may be ufed.

3 Method.

This may be done cither upon the firlt meridian,
or upon the equinociial. For the firft meridian ;
draw the circle PENQ for the meridian, thro’ the
center C, draw the equinottial EQ, and NP per-
pendicular to it; then P and N are the poles.
Divide the quadrants PE, EN, J.TQ-_._ and QP in-
to g equal parts, each reprt&tntmg 10 degrees, be-
ginning at the eq..dnﬂrfhal EQ. Likewie divide
CP and CN, into g equal parts ; bt‘glnnmcr at EQ.
T'hro’ the correfpondent points, draw the parallels
of latitude. Again divide EC and CQ into g equal
parts; and thro’ the points of divifion, and the
two poles N and P, draw circles or rather ell ipfes
for the mtl‘ldldnﬁ‘ And another like projeftion bf:-
ing maae for the oppofire hemifphere, the map is
Tc:ﬂdy for mnferting the feveral places and countries
of the earth,

For the projection on the plane of the equInoc-
tial, draw AQBE, for the equinoctial ; divide it i
into the 4 quadrantc EA, AQ, QB; and BE;
and each quadrant into g r:qual parts reprcfm:inﬂf
10 degrees of longitude. From the points of di-
vifion, draw lines to the center C, for the cireles
of lﬂncri*ude Divide any circle of longitude, as
the firft meridian EC , into g equal parts, > and thro’
 thefe points, defcribe circles from the.center C for
the parallels of latitude. Then number them as in
" B the



£ Lo AT BAD G RO A T T

Fig: the figure. Likewife draw the oppofite hemifphere,
9. after the fame manner, and the projetion is finifh-
ed.

In this laft method, equal fpaces on the earth
are reprefented by equal fpaces on the map, as near

“as any projection will fuffer; for a fpherical {ur-
face can no way be reprefented éexaltly upon a
plane. Then the feveral countries of the world,
feas, iflands, fea coafts, towns, &ec. muft be placed
therein, according to their longitudes and latitudes,
for which the circles already drawn are to be your
guide. :

Al places reprefenting land are filled with fuch
things as the countries contain; but the feas are
left white ; the fhores adjoining to the fea muft be
fhaded. Rivers are marked by ftrong lines, or by
double lines, drawn winding in form of the rivers
they reprefent; and fmall rivess are denoted by
fmall lines. Different countries are beft coloured
with different colours, or at lcaft their borders
fhould be fo. Forefts are reprefented by trees;
and mountains fhaded to make them appear. Sands
are denoted by finall points or fpecks. Rocks un-
der water are known by a crofs. In any void place
draw the mariners compafs with the g2 winds.
Thefe ceneral maps, or maps of the world, are
called planifpheres. -

PR O P. XVIII. Prob.

To diraw a map of any particular country.

1 Method.

In order to this, you muft firft know its extent
as to latirude and longitude ; as fuppofe it lies be-
tween the north latitudes 36 and 44 ; and extends
from the longitude of 10 to 23 degrees; fo its ex-
tent from north to fouth is 8 degrees, and frm;a

: welt
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welt to eaft 13 degrees. This will be a map of Fig,
S ;ﬂfﬂ.
P proceed, draw the line AB for a meridian, 10,
aﬂi Ehm thc middle of the country, on this ﬂ-:t
GFFS gegrees from B to A, taken from any conve-
Enwenticale. et A be the north point, B the
fouth. Thro’ A and B draw the perpendiculars
CD, EF, for the extreme parallels of latitude. Di-
vide AB into 8 parts or degrees, thro’ which draw
the other parallels of latitude, parallel to the for-
mer.

Next, to draw the meridians ; divide any degree
in AB into 60 equal parts or miles. Then as the
length of a degree in each parallel decreafes tewards
the pole; from the table Prop. 135, take the num-
ber of miles anfwering to the lat. of B, which is
48.54 or 481, and fet from B, 7 times to E, and
6 times to F ; fo EF is divided into degrees. Again
from the fame table, take the number of miies an-
fwering to the lat. of A, which is 43.16; this
makes a degree in the lat. 44, Thera::ﬁ:)re fet off
43 minutes, 7 times from A to C, and 6 times
from A to D. Then from the paints of divifion,
to the correfpondent points in the line EF, draw
fo many right lines, for the meridians. Then num-
ber the dﬂgr{fes of latituyde up both fides of the
map ; and the degrees of longitude on the top and
bottom, In i"cmt. vacant place make a fcale of
miles ; or of degrees, if your map reprefent a large
part of the earth ; this will ferve for finding the
diftances of places upon the map.

Then make the proper divifions and fubdivifions
of the country. And having the latitude and long}-

gitude of the prmmpal places of the country, it will
bf." ealy to put them down inthe 1ap. For the place
- any town will be-where the civcles of its Eatltudr: and
longitude inter{zt. Thus Gibraltar, whofe lat, 15 36°
71°; and longitude 12° 27/, will be at G. And

£ 3 Madrid,
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Madrid, whofe lat. is 40° 10/, and long. 14° 447
will be at M. And thus the boundaries will be
defcribed, by fetting down the remarkable places
on the fea coaft, and drawing lines from one to a-
nother. 1n like manner the mouth of a river muft
be fet down; but to defcribe the whole river, the
lat. and long. of every turning muft be fet down,
and the towns and bridges by which it paflfes. And
fo for woods, forefts, mountains, lakes, caftles,
&c. This way 1s very proper for {mall countries.

2 Method.
Maps of part'cular places are but limbs of the

- plobe, and therefore may be drawn after the fame

10

manner as the whole is drawn. Therefore a map
of any particular country may be drawn either by
the orthograpbic or fleresgraphic projeftion of the
{phere, as in the laft Prob. But as this is difficult
to do in fuch partial maps, we fhall fhew fome

eafier ways, as follows.

Having drawn the meridian AB, and divided it
in*o equal parts as in the laft method ; draw thro’
all the points of divifion lines perpendicular to AB
for the parallels of latitude; EF, CD being the
extreme parallels. Then to divide thefe parzallels,
{et off the degrees in each parallel, diminithed ac-
cording to the table in Prop. 15, as was done for
the two parallels EF and CD 1n the laft method.
And thro’ all the correfpondent points draw the
meridians, which will be curve lines. In the laft
method thele meridians were right lines, becaufe
only the extreme parallels were divided by the ta-
ble. This method is proper for a large country as
Europe, &c¢. And then the parallels and meridians
need only be drawn to every 5 or 10 degrees. This °
method 1s much ufed in drawing maps. And here
all the paizs will be nearly of their due magnitude,

but
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but a little diftorted towards the outfide, from theFig,
oblique interfections of the meridians and parailels. 10,

3 Method.

Draw PB of a convenient length, for a meridi- 11.
an; divide it into g equal parts, and thro’ the
points of divifion, defcribe fo many circles for the
parallels of Imltudc, from the center P which re-
prefents the pole. Suppofe the height of the map
to be AB; then CD will be the parallel pafling
thro® the greateit latitude, and EF will reprefent
the equator. Divide the equator EF into equal
parts, equal to thofe in AB, both ways, beginning
at B. Alio divide all the parallels into the fame
number of equal parts, but leflfer, in proportion
to the numbers for the feveral latitudes, as given
in the table of Prop. XV juft as the reCtilineal
parallels were divided in the laft method. Then
thro' all the correfpondent divifidns, draw curve
lines, which will reprefent the meridians : the two
extreme ones are KC and FD. Then number the
degrees of latitude, and thofe of longitude, fup-
poiing EC to be the firlt meridian. And a fcale of
equal parts, either of miles or degrees, may be
laid dewn for meafuring diftances. Mdp‘- are very
commodioufly drawn chis way, and it is called the
globular projeifion. Here alfo the parts of the
carth will be reprefented of their due magnitude,
excepting that they are a lictle diftorted on the out
fides.

When the place is but fmall that a map 1s to be
made of, as if a county was to be map’d ; the me-
ridians as to fenfe, will be parallel to one another,
and the whole will differ very little from a plane.
Such a map will be made more eafily than b}r the
foregoing r1ules. It will be fufficient to meafure the
diftances of places in miles, and by the help of

kB, 2 lrlfrt]—
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Fig. trigonometry, to lay them down in the map. And
11. this belongs more properly to furveying.

Cor. 1. Hence, any place may be found which is
i1 the map 5 if its longitude and latitude be given.

This is done by carrying your eye along the
parallel of latitude in which the place lies, till

you meet with its circle of longitude; and ‘there
the place will be found.

Cor. 2. Hence alfo, the diftance of any two places
in the map may be found.

To do this, take the diftance of the two places
in your compaffes, and apply it to the {cale, and
it will fhew the diftance. If there is no fcale ap-
ply 1t to the fide of the map, and it will thew the
diftance in degrees. ‘

If your diftance be large, take fome even num-
ber, in your compafles from the fcale, as 1003 and
turning it over and over from one place to the o-
ther, going in a right ling; the number of thefe
rurns, will give the diftance. If any thing re-
mains, apply it to the fcale, which will fhew how
much the odd part comés to. But after all, the
diftance is moft exactly known by fpherical trigo-
nometry, as was fhewn in Prop. XIV.

ScHoLIu M.

Since no maps defcribed upon a phn.. {furface,
can exactly reprefent any part of the earth’s furface,
which is fpherical, but the parts will be in fome
meajure xﬂnrted~ and the more f{o, the larger the
portion of the carth’s furface 1s, which is to be re-
prefented.  Therefore Geographers have invented
the terreftrial nlon on which they delineate all the
parts of the earth’s furfuce; which therefore will
give a true and exact repr refentation of every part of
it. “And the fame may be dene for any fegment of

a iphe-
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a fpherical furface ; and then a map drawn upon Fig.
{uch a portion of the furface of the fphere will r1.
alfo give a true reprefentation of the country def-
cribed. And fuch a part of a convex furface 1s
capable of being made to a much larger diameter
than a whole globe can. Thefe may be made of
thin convex fhells of pafteboard, formed to the
intended radius, and the map pafted on, piece by
piece. And each piece will be beft made in form
of a zone of 10 degrees in breadth. And each
zone will be nearly a portion of a conic furface in-
cluding, and touching, the fphere in the middle of
that zone. And that part of the conical furface
being untolled or extended into a plane, 1s the
bottom part of the fector of a circle. And there-
fore fuch pieces are ealily defcribed ; for the ra-
dius thereof is the tangent of the diftance of the
greater circle of the zone from its pole; and its
breadth, that of the zone (ro degrees); and its
length,  the circumference of the zone. Thefe
zones thus cut out, muft firlt be printed, whilft in
plano, and then pafted on the fegment of the globe,
one after another. And this will conftitute a kind
of fpherical map.

PROP XIX

If @ man travels weflward (or fails in a fbip) quite
round the earth, till be comes to the place he depart-
ed from s be will lofe a day in bis reckoning, But if
be travels eaftward round the globe, be will gain a
day, when be comes to the fame place egain.

For fuppofe him that travels weftward, continually
to keep pace with the fun, till he arrives at the firft
place; it is evident he has continual day, and
therefore it is the fame day to him all the while.
But thele people that remain at the place departed
from, have had pight in the mean time; confe-

E 4 quently
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Fig. quently they reckon a day more than he does.
11, And the cafe 1s the fame if he does not keep pace
with the fun, provided he ftill goes weftward; for
by doing fo he gets continually into more weftern
lﬂnglmde by which means every day 1s lengthened,
fo much as he changes his longitude. And at laft
arriving at the firft pla{:e, he has changed his lon-
grtude to 360 degrees, which amounts to 24 hours
or 1 day, that the':,r htnvt all been lengthened ; and
therefore he has loft fo much in his reckoning.
Again, fuppofe him that travels or fails eaftward,
to perform his journey round the earth, in a very
fmall time ; {fo that when he arrives at the place de-
parted from, the fun is ftill up. Itis plain, the
fame day continues to the inhabitants he left; but
in the mean time, he has had one night ; and that,
when he was oppofite to the fun ; and is now come
into day-light again ; and therefore he muft reckon
a day more than thefe inhabitants; that 1s, he has
gained aday. And it is the fame thing if he tra-
vels or fails flowly eaftward; for he continually
comes into more eaftern longitude, by which every
day is fo much fhortened, which in the whole cir-
cumference amounts to 24 hours or one day. And
his days being fhortened by 24 hours, the number -
of them muft be fo much greater ; that is, the fai-
"lor reckons one day more than the inhabitants.

Cor. Hence if one man fails or travels weft, ano-
ther eaft, and a third remainsin the [ame place , what
is fridey to the weftern failor, will be faturday o the
snbabitant, and [unday 1o the eaftern traveller, when
they all meet agarm.

" For he that fails weft has loft a day, fo faturday
will be friday to him. And he that fails eaft, has
gained a day, and therefore Taturday will be fun-
day to him. The inhabitant remaining in the fame
place,
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place, neither 'gains nor lofes; fo that funday is Fig.
ftill funday to the inhabitant. it.

PR OBy XX Prob

To defiribe the gencral affeilions and properties of
the earth, &c.

It has been thewn before that the figure of the
earth is {pherical, or rather of a figure inclining to
the thape of an oblafZ{peroid ; and that the earth
and fea together compofing one body, both par-
take of the {fame figure; and that is, without ta-
king notice of the {mall irregularities upon its {ur-
face, infenfible in refpect of the whole. We have
likewife thewn the origin of rivers, and the caufe
of the ebbing and flowing of the fra. Likewife
the various ph®nomena peculiar to the {feveral in-
habitants of the globe, in different zones of the
earth, have been defcribed. Its diurnal motion
round its axis, and annual motien about the {un
have been fhewn 1n the Aftronomy. But there are
feveral adjunéts or peculiarities belonging to the
earth, which we muft fpeak of in this propofition.
And,

1. The body of the earth is every where fur-
rounded by a body of air called the Atmofphere.
This body of air reaches to the height of 50 miles
or more above the earth, asis gathered from the
beginning of twilight, which is when the fun-is 18
degrees below the horizon.  But notwithftanding
this great height of the atmofphere, it grows conti-
nually thinner and rarer, the higher we afcend. This
fluid body of air is extremely light, being at a mean
denfity 8co times lighter than water. It 1s likewife
extremely elaftic, as the leaft motion excited in it,
Is propagated to a great diftance. It is likewife in-

vilible,
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ig. vifible, its exiftence being only fenfible from the
11, effeCts it produces.

Air s {o necefiary to the life of man and other
living creatures, that no animal on the earth can
live without it. If any animal is deprived of this
breath of life, it inftantly dies. And even if the
fame air be breathed over and over again, it
lofes its vivifying {pirit, and becomes ufelefs; fo
that an animal breathing {fuch air, without a fup-
ply of frefh air, will die in 3 very little time. So
neceflary is frefh air to the life of animals, that
there is no living without it; and to be deprived of
it, is immediate death.

Air 1s hikewife the vehicle of faund ; and this ari-
{fes from its elafticity. For a body being ftruck or
put into any tremulous motion, communicates the
fame to the air, which, by 1ts great fubtilty and
clafticity, is fufceptible of any motion. This mo-
ion is then conveyed, from that body thro’ the in-
termediate {pace, to the ear, where it {trikes the
tympanum, and excites the like motion in the audi-
tory nerve, and gives the fenfation of found; and
particular motions, thus excite particular forts of
iound. One fort 1s difcourfe, another is mufic and
harmony, +and another difcord and noife, &c.

To this fubtle, elaftic, property of the air, is
owing that peculiar privilege we enjoy above all
other creatures, that we can converfe with one a-
nother. For by the help of articulate found, thus
conveyed to the car of another perfon, we can at
the fame time convey to him our thoughts and fen-
timents ; and he reciprocally can return his. And
thus we can converfe with one anothor on all forts
of {ubjects with extreme eafe and delighr.  So that
this property of the air, is entirely thc coufe and
origin of that noble :nfe of bearing ; and of that
ineftimable faculcy of cenverfution, They that are
deprived of the {tnic of Learing are in a miferable

condition 3
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condition ; and efpecially if they have been always Fig.
in that ftate. For people born deaf are quite defti- 11,
tute of any language, as they cannot be acquainted
with any fort of words; and confequently all their
other faculties will be almoft ufelefs to them.

Another property of the air is, that it is expanded
by heat, and condenfed or contrated by cold 3 and
from hence is the origin of winds. The wind is a
current or ftream of air moving from one place to a-
nother ; and the principal caufe thereof, is the heat
of the fun. This heat atting upon fome part of
the air, caufes it to e}:pand and grow ]1ghter con-
{fequently it muft afcend, whillt the air adjoining,
which is denfer and hf:avlﬂr, will prefs forward to-
wards the place where it is rarified and afcending,
to keep up the equilibrium ; and that motion of the
air conftitutes the wind. Hence in any place where
the wind blows the air 1s rarified and lighter, as is
evident from the falling of the barometer in high
winds. As the air 1s by its own nature extremely
fluid, it yeilds to any the leaft motion exerted on
it, and therefore it 1s hardly ever at reft, or conti-
nuesany confiderable time in fuch aftate. Asthefun
moves from eaft to weft, it rarifies the atmofphere
as it goes round the earth ; and hence in the torrid
zone, the motion of the wind is from eaft to weft.
In the heat of the day gentle breezes blow from the
fea to the land, becaufe the earth is more heated
than the fea, and rarifies the air over it. Several
other caufes may likewife concur to the production
of winds, as hot exhalations, rarefaétion, or def-
cending of clouds, or any thing that condenfes the
air.

Tho’ a great deal of mifchief is fometimes done
by high winds and tempefts; yet the wind is ex-
ceedingly ufeful 1n the affairs of life, as long as it
keeps within due bounds. Without the wind there
would be no pavigation, and without naviga;lian

there
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¥1g. there would be no trading from one country to ano-

11. ther, and confequently no commerce, no merchan-
dize. Nor would it be poffible to get from one
country to another far diftant country. The wind
allo clears the air, and rids it of thefe noxious va-
pours that arc fo prejudicial to our health, and the
caufes of almoft all diftempers. And thus by keep-
Ing the air in continual motion it keeps it pure and
wholefome. A ftrong wind will move through 10
yards in a{econd. And a tempeft will run over
45 miles in an hour.

Another property of the air is, that it is capable
of fufpending thefe vapours from which rain is
generated, For the fun’s heat rarifying the parti-
cles of water, and transforming them into vapour ;
thefe vapours being {pecifically lighter than the at-
mofphere ; they will afcend, tll they come at fuch
a region of the air, where the fpecific gravity is
the fame. There they will remain in the form of
clouds ; where being tofled to and fro with the wind,
they will at length be reduced to {mall particles or
drops of water, and afterwards into larger drops,
which will then defcend in mift, dew, or rain.
Hence without the air we thould have no vapours,
no clouds, no rain; and confequently no produce
from the ground. And the earth would be nothing
but a ulelefs, dry, barren heap of matter, unca-
pable of preducing any fruit for the fupport of
our lives.

From the fluid nature of the air it likewile fol-
lows, that the atmofphere muft alfo be fubject to
the difturbing forces of the {un and moon; and
thercfore thefe forces will generate a tide of air,
or the flux and reflux of the atmofphere, twice in
2 5 hours, after the fame manner, and for the fame
reafon, as they caufe the fiux and reflux of the oce-
an. And confequently, thefe tides of the atmo-
fphere muft be bigger at the full and ¢hange, and

' at
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at that time raife a fenfible commotion in the at- Fig.
moiphere, which at thofe times may fenfibly affect 11.
valetudinarians and weak conftitutions.

2. As to the furface of the earth, it is not per-
fettly fmooth and even, but is every where in-
terfperfed with bills, mountains, wvallies, rivers, &c.
If the earth was perfeétly level, there could be no
{fuch thing as any rivers, for no water can flow, but
from a higher to a lower place; and therefore upon
level ground it could not run away ; the rain that
falls in any place muft always remain there, till it
finks into the earth or be dried up; in fome pla-
ces it would ftand and putrify, and fill the air with
unwholefome fteams and vapours. The face of na-
ture having no variety, would have no beauty, and
would appear with no pleafing afpect. On the con-
trary, experience fhews us that all countries abound
with mountains and rivers, which 1s not only the
greateft ornaments thereof, but the moit advanta-
geous for the inhabitants. Upon plain ground, a
man’s profpeét is very much limited, but from the
top of a hill or mountain a large profpect lies
open to his fight. Here he can view with pleafure
cattle feeding on the hills, rivers running in the
vallies, the vaft variety of trees and plants with
which the ground is enriched, and all the houfes,
towns, caftles, &c. that are placed there, for a
great many miles, This makes a grand appear-
ance, and gives a juft idea of the extent and beauty.
of nature. The mountains by their height fecure
the vallies from cold, from winds and tempefts;
and by keeping them warm, make them fruitful ;
whilit the rivers by their turnings and windings be-
come ufeful to many places.

As all rivers are upon the defcent, therefore in
going from the mouth of a river, the ground muft
continually rife from the fea, all the way to the
fpring head. And therefore the longer any river

i3,
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Fig.1s, the higher the ground will be at the head of it.

11. And therefore fuppofing for every mile a defcent
of 2 feet; infuch a river as the Danube, which runs
thro’ more than oo miles of ground, the {pring
head will be more than 500 yards above the level
of the fea; and the mountains will be ftill higher.
So that the middle of any continent muft always
be a great deal higher than the fea coafts.

That there has always been mountains from the
beginning, is as certain as that there has always
been rivers. For they were as neceflary at firft for
every purpofe, as they are at prefent. Alfo all
mountains and high places have always been de-
creafing and growing lower. For rivers running
near mountainous places, do by degrees eat away
the feet of them, where parts of them being under-
mined, tumble into the river, and are wathed down
the ftream. Rain falling on the tops of mountains
wafh away the loofe parts, and undermine the fo-
lid parts which in time will tumble down. Thus
old buildings on the tops of mountains are obferved
to have their foundations laid bare, by the gradual
wathing away of the earth; and at laft fall down.
In plains and vallies we find it quite contrary.
For the matter wafhed down from the high places,
fill up the low places, which by that means are
raifed higher. Whence it is, that ancient houfes
built in vallies feem to have funk a great way into
the earth, occalioned by the earth being raifed high-
er than at firft. For the fame reafon a deal of the

" mud, lime, fand, and earth, that 1s continually
wafhed down from the higher places into the rivers,
1s carried down by thele rivers; by which means
the mouths of the rivers are by degrees choaked
up, to the great detriment of navigation and at
the fame time a part of this fand and rubbifh is
carried into the fea. Upon the whole, as the high-

¢y parts are always defcending, and the lower parts
: filling
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filling up and rifing, the earth is continually ap-Fig.
proaching to a level, tho’ by very flow degrees. . 11.

In former times many mountains were covered
withlarge and thick woods, which (heltered them and
the adjoining plains from the rigour of the cold.
In later times, men having much occafion for tim-
ber, for the building of houfes and thips, &c. have
cut moft of them down ; and large woods are not
{fo common now as in former times. It is oblerved,
that trees thrive beft and grow largeft, where there
1s plenty of heat and plenty of motfture.

As to the height of mountains there are various
accounts. The ancients reckoned their heights a
oreat deal more than they really are, making
fome of them many miles high. But later .ob-
{ervations have thewn us, that few or none of them
are above 3 miles high. The pike of Teucrif, one
of the Canary iflands, has been meafured to2 = miles.
And Swowden bill to 3 of a mile. It 1s extremely
cold on the tops of all mountains, even under the
equinoctial 3 for the tops of them are for the moft
part covered with fnow; except it be in {uch of
them as have any Volcano’s within them. And
thefe Volcano’s are generally in fome mountain, as
that in mount Etna, mount Vefuvius, &c. 1t has
been obferved, thatthere are mountains in the moon
3 times as high as any on the earth.

3. We have already fhewn, that the fe2 together
with the earth makes one globe, that it ebbs and
flows twice in near 25 hours, that it furnithes mat-
ter for vapours and rain. But itis likewiie of in-
finite fervice to trade and commerce : for if all the
globe was earth, it would be impoffible ro trade
to far diftant countries. Suchlong journies could
not be performed by land; much lefs could any
traffic be carried on, or any goods tranfported to
or from places {o far diftant ; all which is now done
by fhipping, with incredible eafe.  So that if there

was
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Fig. was no fea to fail on, there would be no fhips to
11 fail; and confequently no trading to foreign parts
in any kind.

‘The faltnefs of the ocean is the peculiar proper-
ty of fea water. How it comes by fuch a quality
has been a matter of difpute.  Dr. Halley is of o-
pinion, that it may acquire that property gradually.
For he imagines the fea was freth at firft, but by
the rivers running into it, and carrying with them
fuch faline particles, as they have imbibed from
the earth, they paffed thro’; thefe particles of falt
are then depofited in the {fea, where they muft re-
main ; for nothing evaporates from the fea but frefh
water. So that the faltnefs will continually increafe,
as long as the rivers keep running into it. This is
his opinion, or rather his hypothefis, which he
propofes to have tried. Others imagine, that there
are a great number of rocks of falt difperfed thro’
the earth at the bottom of the fea, and from thefe
rocks it acquires its {altnefs. But whatever be the
caufe, the fact is fo ; and this quality may {erve to
keep the water of the fea pure and good, to which
the motion, by the ebbing and flowing of it, may
contribute.

Another property of fea water is, that when
it is abfolutely falt it never freezeth. This proper-
ty is proved by manifold expertence ; and is faid to
arife from fomething of a hot {pirituous nature
which is contained in the falt. 1In the north feas,
failors frequently meet with huge rocks and iflands
of ice. But thefe don’t confift of falt water frozen
for they frequently get large pieces of the ice, and
thaw it, and always find it frefh, which therefore
they take for the ufe of the thips. This ice there-
fore is frozen in the rivers, and in fummer when a
thaw comes, the ice is all carried down the rivers,
and driven into -great heaps, where they float in
the fea, as the falors find them. It may be ob-

ferved,
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ferved, that fea water is denfer and heavier than Fig.
frefh water 3 which is owing to the falt it is preg- 11.
nant with.

To find out a paffage to the Eaft Indies by the
north eaft, or north weft, has long been withed for,
and often attempted, but without any fuccefs ; for
the quantities of ice that float up and down in the
northern feas, makes the navigation very dangerous,
and the fea almoft impaflable. And this feems to
make it improbable that thdre is any fuch paffageto
be found. For great quantities of ice, argue great
quantities of frefh water, and thefe denote great
rivers, and thefe again denote a large extent of
land. And therefore if there be any fuch pafiage,
it is only thro’ fome narrow ftraits ; and confequent-
ly could be of little ufe if known ; fince in that (
part of the world, fuch ftraits muft almoft always
be blocked up with the ice, which would render
fuch a paflfage either ufelels or very dangerous.
Hence it will he the beft way for thofe that would
attempt fuch a voyage, to endeavour to get into
an open fea, where there is no ice, and purfue
their voyage therein as far as they can; for then
they may be affured they are far from land. But
thefe heaps of ice are certain figns of an adjoining
Euuntr}’.

Concerning the iflands every where difperfed
thro’ the fea, we fhall fpeak afterwards; as like-
wife of the feveral continents, and the countries thes
| contain.

4. As to the internal parts of the earth, we are
not fo well acquainted with thefe, as with the exter-
nal. For itis but a very little way we can penetrate
into it, to make any oblervations. In the digging
| or working of mines, we meet with all forts of
. earths, loom, marl; all forts of {tones, as pebbles,
| freeftone, marble, alabafter, fpar, flate, chalk;
. alfo fand, clay, coal; oars of all ferts and metals,
I gu!d,
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Fig gald; ﬁlver, lead, iron, copper, tin; all forts of
11, minerals, nitre, {fulphur, fale, alum, boles, oker,
vitriol, borax, cinnabar, antimony, arfenic, bu-
muth, bezm‘:r, and infinite others which are con-
tained in the body of the carth, fometimes pure, and
fometimes mixt. .
All thefe different forts of fubftances within the
earth, are difpofed of in certain layers, beds, or
ftrata, which compofe the body of the earth ; each
kind in itsown bed. In fome places, they are feat-
ed nearly according to their {pecific gravities; in
~sothers not at all fo, but lye in a very confufed order.
In {everal parts of the earth, there are found
thells refembling the thells of ﬁfhes, and their bones,
and likewile vegetables, fometimes very deep in
the ground. ~ As to the fhells of fifhes, fome are of
opinion that they bave been hmught there at the
time of the flood, when all things were in a ftate of
confufion, and prc}miﬁ:uouﬂ}r mixt with any other
bodies  that happen to be there; and that they have
lain there ever fince.. Others fuppofe that thefe
thells are generated in the beds wherein they are
found, and that the earth may be as fit for the pro-
duction of fuch bodies as the fea. And this feems
to be confirmed from the fubftance of the fhells
being the very fame with the fubftance of the ftone,
or cther bodies they adhere to ; and likewife of the
fame {pecific gravity therewith ; which would not
be fo, if thefe were real fhells. Some people will
likewife have fuch trees as are buried deep under
oround, to have laid there ever fince the flood,
a thing quite improbable, and the more fo, becaufe
other reafons may be affligned for their coming
there ; as has been proved in fe*.rf:ral inftances bt:-
yond contradition.
‘I'he furface of the earth 1s not only made ha-
- bitabl-::, but enriched with all forts of herbs, plants,
fruits, reots, &c. neceflary for the life and fupport
of
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of all animals, of which, man is the principal. Fig.
Upon this earth we are bnrn, we live, and we die, 11.
it 1s our deftined habitation. When we are born,
the earth like a tender mother receives us into her
lap; fhe feeds and cloaths us whilft living; and at
laft kindly receives us again into her bofom, and
covers us, whete we reft till the diffolution of all
things.

The animals that inhabit the earth are divided in-
to four general kinds, 1, Men. 2. Beafts, thefe
are reckﬂned land animals. 2. Birds, whofe ele-,
ment is the air. 4. Fifhes, which dwell in the
fea or element of water. To thefe, if you pleafe,
you may add all the tribes of infeéts. Thr:: feveral
forts of ammals are {o well known as to need no de-
fcription of mine; and befides I am not writing a
book of natural hiftory, but a mathematical trea-
tife.

PR AV P; X1, Prob.

- Do give account of fuch remarkable fia.:zﬂge; as bave
bappened to the earth in feveral ages r,gf the world,

‘That the earth has undergone feveral changes
and alterations, all hiftory will teftify. To pafs
by fuch changes as. happen by the dticcndmw of
the earth, from the hills, and filling up the val-
fies, and ftopping the mouths of rivers and fuch
lllkf: matters, which are gradual, and much the
fame in all ages, and natural to the earth : I think,
the more remarkable changes may be reduced to
two general caufes, and thefe are floods and earth-
quakes,

1. As to floods, there have been three rerrarlr:a.-
ble ones recorded in hiftory. The firft and mo
terrible is that of Noab, whichis faid to have over-
flowed the whole earth, and drewned all the living
creatures thereon, except fuch as faved themfclves
in an ark. Concerning the caufe of this flood,

l 2 fome
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Fig. fome fuppofe it brought about by natural caufes;
11. and others, by nothing lefs than a divine power.
Thefe that are for natural caufes, imagine a comet
to have pafled near the earth at that time ; and by
its anrDach, to have raifed a very ftrong tide,
which would increafe as the comet approached the
earth. The effet of this would be, that this great
tide would lay all places under water ; and would
confequently drown all the inhabitants fo far as it
reached. That fuch a caufe of this is capable of
producing this difmal effeét, is very evident. For
if fo fmall a body as the moon, at the diftance
of 60 of the earth’s femi-diameters, be able to raife
a ftrong tide in the ocean, of 12 or 15 feet high;
a comet as big as the earth, and coming very near
it, would raife a prodigious tide, capable of over-
flowing all that fide of the earth which is next to
the comet, and alfo the oppofite fide. But then
this could not drown all places at once; for at the
quadratures, or in thofe places, which have the
comet in their horizon, they would have as great
an ebb. But then it would have this effect, to over-
flow and drown all places fuccellively. For this
huge {pheroid of water, always pointing towards
the comet, would by the earth’s rotation pafs over
all the countries of the world ; and therefore in the
ipace of 24 hours, the whole earth would be in-
volved in water, and all animals as effectually def-
troyed as if the water ftaid 150 days upon the earth;
cipecially as the earth mult needs make feveral ro-
tations after this manner, before it could get clear
of this difturbing force of the comet. The natu-
ral and neceffary effect of all this would be, that by
fuch a prodigious and rapid motion of this vait bo-
dy of water round the earth in 24 hours, all plants
and trees muft be torn up by the roots, and car-
ried along with the current ; all buildings demclifh-
ed ; the rocks, hills and mountains dafhed in pieces,
| and
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and torn away; all the produt of the fea, as Fig.
fithes, fhells, teeth, bones, &c. carried along with 11.
the flood, and thrown upon the earth, or even to
the tops of mountains, promifcuoufly with other
bodies ; hardly any thing could be found ftrong
enough to withftand its force. In fuch a cafe as
this it would be impofiible for any ark to live (be
preferved) at fea, or the ftrongeft man of war that
ever was built. The like vaft tides would alfo be
raifed in the atmofphere, attended with the moft
violent commotion of all the body of air ; the con-
fequence whereof would be continual rains. In
this cafe no place of fafety could be found for any
animals, except they had the good luck to be upon
fuch a high mountain as was without its reach.
Thofe that fuppofe the water to be over all the
face of the earth at once, are forced to call in the
power of omnipotence to effect it; for it is a thing
impofiible by any natural caufe, to produce fuch an
effe®. Therefore in order to preferve mankind and
other animals, God was pleafed to order an ark to be
built, to contain a few of every fpecies of animals,
which were afterwards to replenifh the earth. As
this ark, with its contained animals, was to {fwim
upon the water of the deluge, all the time of its
overflowing the earth; it was neceflary that this
flood of water fhould be perfetly calm, and free
from all ftorms and tempefts. For if the ark came
to be tofled about in a tempeftuous and raging fea,
or deluge of water ; from its ftructure and magni-
tude, it muft inevitably perifh, with all its freight
of animals. But I believe it would be a perplexing:
affair to make out how fuch a tumultuous concourfe
of water fhould be fo very quiet and ftill, {o clear
of winds, ftorms and tempefts, as is here required.
And if this was granted, it would ftill be equally
difficult to account for another phaznomenon ; that

is, how all fhells and marine bodies, fhruld be
F 3 thrown
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Fig. thrown upon the land, or even to the tops of moun-

11, tains by fuch a ftill water ; and many of them bu-
ried deep in the earth; this effeét is not at all re-
toncileable with fuch a fuppofition. ' Therefore it
does not appear that both thefe hypothefes can be true.
For the calm fea, neceffary for preferving the ark,
¢ould move none of the fhells ; and the rough fea,
neceffary for tranfporting the fhells, would deftroy
the ark.  The reconciling thefe things is not eafy 3

and perhaps here, as in other fuch cafes, our only

refuge is, when we are pinched with any d 1ﬂicu1ty,
to cry out for a divine power. Yet the Almighty
generally brings about his purpofes by natural
Caufes.  But be that as it will, it is certain, that
fome time or other this earth has fuffered a moft vi-
olent fhock, concuffion’ or-agitation by fome caufe
or other, unknuwn to us; but which manlfeﬁly
appears by its effects.

“T'he next flood we have an account of, is that of
Ogyges; this flood overflowed all Aitica, a country
in Greece joining to the Mediterranean. This flood
happened in the time of Ogjges, who was kmg
thereof, and dwelt in Thebes, a city of his own
building. This country is a part of what is now.

called /I baia, being a part of Greece.

“The next remarkable flood was that of Deucalion,
celebrated by the poets, efpecially by Ovid. Thls
flood overflowed all Theflaly, where Deucalion was
king. This country of Theffalyis a part of Gf’fﬂfﬁ,
urd joins upon the fea.

Befides thefe floods, there is no doubt but oreat
floods have happened in other countries; but the _
people being ignorant of the ufe of letters, no ac-
count thereof s tranfmitted to us. All thcfe floods
muft needs make great havock and devaftation in
all the countries where they happen; by démolifh-
Ing towns, plants, trees; by beatmg and wafhing
down mountains ; and levelimcr the low grounds ;

'bj,r
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by filling up the channels of rivers, and changing Fig.
their courfes; by covering all the country with 1,
{lime and mud, and giving a new face to the
earth ; by breaking off part of a country, and re-
ducing it to anifland ; and by inundations breaking
into the land and forming gulphs therein.  Thus
fome have fuppofed that Sicily has been divided
from Jtaly ; Spain from Barbary; and, as fome fay,
England from France. .

The violence of the wind alfo much increafes -
the depth and turbulent motion of a flood, efpe-
cially in fuch inundations as proceed from the fea.
Thus high winds and tempefts frequently caufe the
fea to tranfcend its ordinary bounds, and trefpafs
on the land, to the great lofs and danger of the
inhabitants. Thus 1t happened in Zealand and
Holland, where {everal towns with multitudes of
people were fwallowed up by the fea; occafioned
by the violence of the north wefterly winds.

Several inundations or floods have alfo happened
in Egypt, by the overflowing of the Nile, as is
reported by feveral hiftorians, and the like in'a
great many other places.

2. Earthquakes are another great caufe of the
changes made in the earth, and the delolation of
feveral places, to the ruin of the inhabitants. An-
eartbquake 1s a violent fhaking of fome large part
of the earth, fuppofed to be caufed by a nitrous
and fulphureous vapour included'in the bowels of
the earth, which by fome accident taking fire pro-
duices an explofion, which occafions thefe terrible
motions and. fhocks of the earth at that time. The
firing thefe fulphureous vapours, may be owing to
their fermentation, or to the falling of rocks and
{ftones within the hollow places of the earth, and
ftriking fire againit one ancther.

Thunder and lightening arifes much from the

{fame caufe, for the nitra-(ulphureous vapours, ex-
B4 haling
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Fig. h_aling out of the earth, and floating about in the
V1. air, at laft by their fermentation take fire, and pro-
duces that dreadful explofion called Thunder.

The violence of earthquakes is fometimes {o great
as to {plit and tear the earth, and caufe it to open
for many miles; gaping at the exit of the ignified
vapour, and clofing again after. And fometimes
tearing and disjoining the ground, fo that after the
thock, it immediately f{inks; and thus a hill or a
mountain is fometimes reduced to a great pool of wa-
ter or a lake. After this manner {everal confiderable
tralts of land, with the cities and. towns, plants
and trees, have been f{wallowed up, and totally
funk.

The ftrength of this confined vapour is {o great,
that it forces up ftones, water, earth, and all things
that fall in its way, with a very great impetuofity,
cafting them fometimes to immenfe diftances. In
this manner they are thrown out of the mouths of
Volcands’s, or any place where the inflamed vapour
can find vent, or break open. And from the heat
of the inflamed vapour, which forces out thefe bo-
dies, they are all of them alfo heated and inflamed
thereby ; {o that flames of fire are fometimes feen
tc proceed out of the earth, with great quantities
of melted metal or metalline fubftances. Great
floods of this kind are generally thrown out of
burning mountains.

When this happens in a place feated underneath
the fea, the motion of the earth below, puts the
{fea into horrible tumult, making it rage and roar,
with a hideous noife, raifing its furface into prodigi-
ous waves, which are rolled and toffed about in a
furious manaer, overfetting and finking fhips, or
throwing them on the land. By this, the fea is
raifed far above its ordinary height, and deprefled
again as far below. And thus 1t continues in the
molft extreme agitation, till the hot vaporous mat-

{7y
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ter be all fpent and difcharged ; and then the earth- Fig.
quake ceales, till a frefh collection of this fulphu- 11.
reous vapour produces another. And this {fulphu-
reous vapour difcharged into the atmofphere may
furnifh matter for thunder and lightening ; as they

are both generated from the fame caufes, and re-
quire the fame matter for both te work upon.

The fhock of an earthquake is always felt at the
fame moment in all places, tho’ it has fometimes
been known to reach many hundred miles; and al-
tho’ the feveral places be parted by the fea lying
between them.

Mountainous countries are the moft fubject to
earthquakes ; for mountains are commonly {tony
and hollow within, and therefore fit to receive thefe
vapours ; and particularly fuch places as contain a
great deal of fulphur and nitre, are of all others
the moft fubjeét to earthquakes, and generally fuf-
fer moft thereby. Such combuftible matter taking
fire will burn for a long time, and fend out vaft
flames with a horrid noife, as is frequent in mount
Etna and Vifuvius, and all fuch places. And thefe
Volcano’s are of ufe for difcharging the matter, and
preventing worfe confequences.

Earthquakes are far more frequent than great
floods ; not one age paffes without feveral inftan-
ces of this fort, with their direful effeéts, fuch as
finking of towns and mountains, as happened
lately at Lifbon. The changing the land into fea;
and the {ea into land, by throwing up new iflands
where none appeared before. And by fuch events
as thefe, the face of the earth muit be continually
changing, and muft be quite altered from what it
was many ages ago.

Other {maller changes I pafs by, fuch as the al-
teration made in the furface of the earth by cult-
vation, the cutting down woods, inclofing ground ;
building of towns and cities ; as likewile the de-

vaftation
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Fig. vaftation made by armies, by the invafion of coun-
11, tries 3 where many beautiful places have been laid
wafte, towns burnt and depopulated, and innume-
rable fuch like accidents ; all which help to give a
different afpect to almoft all countries upon the
carth.

Befides the changes already mentioned, moft
places have changed their original names; fo that
our modern geographical defcriptions or maps
hardly give us any region under the fame name,
by which it was known in former times. And this
has occafioned great controver{y and difpute about
diverfe countries mentioned by ancient writers ;
and not only countries, but cities and towns have
loft their original names, and at prefent go under
other names. And all this may be in great mea-
fure owing to the conquefts made by one nation
making war againft another. For by this means

- the boundaries of countries have been quite chan-
ged, fometimes by tearing a part from one country
and throwing it to another, or throwing feveral of
them into one, or dividing one country into feveral
parts. And the conquerors, either not knowing or
not liking the old names, of towns and countries,
impofed other of their own. Thus the ancient
Scythia is now called Tarzary. What was Thrace 1s
now Romania, what was Libya 1s now Tripoli, or a
part of Barbary. Achaia is now Lividia. Cyrene
15 Barca. As to towns, Athens is become Settines.
Berenice is Suez. Leopolis.is Lemberg. Olympia is
Longinico, ~ Prencfie is now Palefirina. Sufa 1s
Schonfter. Spariz is Mifitra.  Delpbos is Livadia.
Pelufium s Damietta, and numbers of others.

PROP.
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P R O P XXII.  Prob.

To fhew the divifion of the earth into its [everal
kingdoms and countries.

The defcription of the feveral countries of the
world is the leaft part of my bufinefs, as belong-
ing more to an hiftorian than a mathematical wri-
ter ; yet I fhall here give a fhort account of each
country, and how it is fituated ; without which it
is hardly poffible to underftand any thing of hifto-
ry. And to have a right notion of any place, of
its fituation, and extent, the geographer ought to
furnith himfelf with maps of each country, which
will fhew him at once all thefe particulars, as allo
what cities, towns, caftles, rivers, bridges, moun-
tains, and other remarkable things, are contained
in it; and without fuch maps we have very faint
ideas of any nation or country.

The earth is generally divided in four quarters,

1 Europe. 3 Africa.
2. Afia. 4 America.

But this divifion is very imperfect ; for there are
valt tratts of land under both the poles, not yet
difcovered, and which belong to none of thefe
four divifions. Therefore taking in thefe two po-
lar regions, the earth is more properly divided in-
to {ix general parts, which will take in the whole
earth whether land or fea.

1. EUR OPE, is bounded on the north partly or
wholly by the frozen fea; on the fouth, by the
Mediteranean fea, on the weft by the Atlantic oce-
an, and on the eaft by the rivers Tanais, Oby,
and Volga, which laft falls into the Euxine fea. In
defcribing the feveral countries, 1 fhall begin with
the north parts, and proceed to the fouth.

Sweden.

75
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Sweden,

This country is contained between the n. lati-
tudes 6o and 72, and longitudes 20 and 56 from
Ferro. It is bounded on the eaft by Mufcovy, on
the weft with Norway, on the north with the Fro-
zen fea, on the fouth by Demmark and the Baltic

Jea.

It 1s divided into the provinces Finmark, Lap-
land, Sweedland, Finland, Gothland, Livonia, and
the Swedifh iflands.

Norway.

It 1s contained between the n. latitudes 6o and
68, and longitudes 30 and 38. It is bounded on
the eaft by Sweden, on the weft by the weft fea, on
the north by the frozen fea, and on the fouth by an
arm of the weft fea. |

Denmark.

Contained between 54 and 57 degrees of n. lat.
and between 30 and 35 degrees of longitude. It
contains Futland, and the illands Zealand, Funen,
&c. Futland is bounded on the fouth by Germany ;
on the other fides by the fea.

Mufeovy or Ruffia.

This is a large country, extending from the n.
lat. 45 to 713 and between the long. of 48 and
107. It is bounded on the eaft by Zartary, on

the weft by Sweden, on the north by Lapland and
the Frozen ocean, on the fouth by Peland and the

Cafpien and Euxine feas. It ftands partly in Europe
and partly in Afia; it is divided into the provinces.
of Trines, Kargapolia, Divina, Cendora, Siberia,
Obdora, Vologda, Cafan, Mordowitz, Kgﬁmw_grw{,
Volodimar, Mofcow, Aftracan, Novegrod, Welikiy
Plefkow, Severia, and many more.

Great
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Great Britain. s

This is an ifland, and contains England and
Scotland ; it is contained between the n. lat. 50 and
59, and long. 14and 22. It isdivided intoa great
many counties or fhires; and there are a great
number of fmall iflands, lying to the north and
north weft thereof.

Ireland.

This 1s alfo an ifland on the weft fide of Great
Britain, and is contained between the n. lat. 51 and
56; and long. g and 143 which is alfo divided in-
to feveral counties.

Germany.

This lies between latitude 45 and 55, and long.
26 and 39. ltis alarge country, and confifts of
many provinces, dukedoms, circles, &c. It is
bounded on the eaflt with Pruffia, Poland, and
Hungary, on the weft with France, on the north by
Denmark and the Baltic fea, on the fouth by Iraly.
It contains on the north, Holland, Flanders, Wefi-
phalia, Lower Saxony, Upper Saxony. In the mid-
dle, Lower Rbine, Upper Rbine, Francenia. On
the fouth, Swabia, Bavaria, Aufiria.

By fubdivifion Holland contains Zealand,
Utrecbt, Zutphen, Over-1ffel, Friefland, Groningen.
And Flanders contains Gelderland, Brabant, Lux-
embourge, Limbourge, Artefia, Hannonia, Namur,
Weftphalia contains Oldenbourg, Hoya, Diepholt,
Schomberg, Embden, Lingen, Tecklenburg, Raven/-
burg, Benthem, Munfler, Lip, Mark, Ber:e, Cleves,
Juliers. Lower Saxony contains Holftein, Lawen-
burg, Mecklenburg, Bremen, Verden, Lunenburg,
Brunfwick, Halberfiat, Magdeburg. Upper Saxony
contains AMifnia, Thuring, Branienbuyry, Pomera-
nia, &c. but the {ubdivilions of thefe countries are
endlefs.

Pruffia,
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Pruffia.

This extends from lat. 51 to 53, and long. 35
to 45 5 it is bounded on the eaft by Poland, on the
weft by Germany, on the north by the Baltic, on
the fouth by part of Poland.

S.-szxany.

Bounded on the north by Pruffiz, on the fouth
by Bobeémia, on the ealt by Poland, and weft by.
Germany.

Bobemia.

Bounded on the eaft by Poland, on the weft by
Germany, on the north by Saxony, on the fouth by
Hungary.

Silefia.

Bounded on the north by Bra#denburg, on the
fouth by Hungary, on the eaft by Poland, on the
weft by Bobemia.

- Poland.

Bounded on the eaft by Rufia, on the weft by
Silefia, on the north by Pryffia, on the fouth by
Hungary. : |

Hungary.

This country extends from 45 to 49 deg. n. lat.
and from the long. 34 to 41. It is bounded on the
eaft by Turkey, on the weft by Germany, on the
north by Poland, on the fouth by Turkey.

France.

This country is contained between the n. lat. 43
and 51, and long. 14'and 28. It is bounded on
the eaft by Germany, on the weft by the Atlantic
Ocean, on the north by the Englifb Channel, on the
fouth by Spain and the Mediterranean Sea.

Spain.
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Fig

Spﬂfﬂ. 11
It is contained between the n. lat. 36 and 43,
and long. 10 and 23. It is bounded on the eaft by
the Mediterrancan, on the weft by Portugal and the
Atlantic Ocean, on the north by France and the Bay
‘of Bifcay, on the fouth by the Atlantic Ocean and

part of the Mediterranean.

Parfﬂggf. . //{} 3
Bounded on the eaft by Frauce, on the weft by

the Atlantic Ocean, on the north by Spain, on the

louth by the Atlantic Ocean.

1taly.

This is contained between the n. lat. 38 and 47,
and long. 27 and 41. It is bounded on the fouth
and eaft by the Mediterrancan Sea, on the north by
Germany and Swiizerland, on the weft by France and
- the Mediterranean. _

Switzerland.

~ Bounded on the north and eaft by Germany, on
the fouth by Italy, on the welt by France.

Turkey.

This is contained between 3% and 49 deg. of
n. lat. and 38 and 55 deg. of longitude. It contains
Greece, Little Tartary, and part of Hungary, and
many provinces befides. It is bounded on the
ealt by the Exxine Sea, on the weft by the Gulph
of Venice, on the north by Hungary, on the fouth
by the Mediterranean.

Iflands in Europe.

The principal are the Orkneys, the Shetland ifles,
and Weftern iflands near Scotland. The Ifle of
Man, dnglefey, and ifle of Wight, near England.

Ferfiy
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Fig. Jerfey, Guernfey, Alderney, near France. The

1. llands Rugen, Bornbolm, Oeland, Gothland, Ocfal,
Dago, Aland, Ween, Zealand, Funen, Langland,
Laland, Fulftar, Mona, Femeren, Alfen, near Den-
mark and Sweden. Alfo Carmen, Hitteren, Sanien,
Suray, near Norway, and-an infinite number of
imaller ones.

‘The Azores or weflern iflands, lying weft from
Spain, being g in number; they are St. Adichael,

. St. Maria, Tercera, Gratiofa, St. George, Pico,
Fyal, Flores, Cuervo.

Iflands in the Mediterranean, are 2vica, Majorca,
Minorca, lying near Spain. Corfica, Sardinia, Si-
¢ily and Malta, near ltaly. Candia near Greece,
Cyprus near Syria in Afia; and a vaft number of
fmall ones near Greece in the Archipelago.

2. ASIA, is bounded on the eaft by the Eaftern
Jea, on the weft by Eurcpe and the Red fea, on the
north partly by the Frozen fea, on the fouth by the
Indian Ocean.

Siberia,

This country reaches from n. latitude 50 to 68,
and from the long. 105to 170. It 1s bounded on
the eaft by the Fapan Ocean, on the weft by Ruffia,
on the north by the Frozen fea, on the fouth by
Tartary. This 1s a wild, barren, cold country,
and thinly inhabited, and under the emperor of
Rufha.

T artary.

This was anciently called Sc#hia; it reaches
from 40 to 60 deg. of n. latitude, and from 356 to
180 longitude. It is bounded on the north by i-
beria, on the fouth by Perfiaand China, on the eaft
by the Eaflern Qcean, on the welt by Ruffia.

Turkey.

Contained between the n. latitude 30 and 45,
and Jong. 56 and 78. It 1s bounded on the eaft

by
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by Perfa, on the weft by the xi’rcbzpafaga on the Figs
norrh by the Euxine fea, on the fouth, by the Ae-
diterranean and Arabia. Natolia and S_}'?"M are two
provinces, and Phenicia, Fudea, Mefopotamia, Ar-
menia, Alfyria, Chaldea, &e.

Arabia.

This is contained between the n. lat. 12 and 3,
and 55 and 76 of longitude. It is bounded on the
eaft by Perfia and the Perfian Gulph, on the weft by
the Red Sea, on the north by Tﬂrkq}*, on the fouth

by the Irzdmn Ocean.
Perfia.

This country reaches from n. lat. 26 to 44, and
long. 73 and 100. ltis bounded on the eaft by
India, on the weft by Armenia, on the north b}r
Ruﬁa and the Cafpian Sea, on the fouth by the
Arabian Sea and Perfian Gulph. 'This country i1s
under Konli Kan, or the great Sophy,

India.

This lies between n. lat. 8 and 40, and long. g2
and 130. Itis bounded en the caft by China and
the Sea, on the weft by Perfiz and the Indian Sea,
on the north by Tartary, on the fouth by the Indien
Sea. This is under the greasr Mogul,

China.

It lies from n. lat, 20 to 41, and long. 118 and
140. Itis bounded on the north by Tartary, on
the fouth and eaft by the Sea, on the weit by /ndia
and Zartary. The north part of the country is de-
tended by a ftrong wall 1500 miles long.

Iflands in Afie.
Yedfo or Feflo, and Fapan, both lying ecaft of

?’armr‘} ; thele are two large flands. i Hn. Phil-

G fx_}'). -4
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Fig. lipine iflands, Sunday ifles, the Molucca iflands, alfo

s

covered, aslan

Borneo, Sumatra, ‘fava, Ceylon, in the Indian fea,

with an infinite number of {maller ones, as the

Laarone ifles, and a clufter of iflands lying far eaft.

Alo feveral gai'ts of countries not yet fully dif-

of Compania near Yedfo, New Gui-

nea, and Cﬁrpmmriﬁ; near the Mblucca iflands, and
New Holland more to the weft.

3 AP RAT A
Is bounded on the eaft by the Red Sea and the
Indian Ocean, on the weft by the Ethiopic Ocean, on

the north by the Mediterrancan Sea, and on the
fouth by the Southern Ocean.

Barbary.

This country extends from n. lat. 25 to 35, and
from long. 4 to 52. It is bounded on the eaft by
Egypt, on the welt by the Atlantic Ocean, on the
north by the Mediterranean Sea, and on the fouth
by Mount Atlas and Numidia. It comprehends the
kingdoms of Morocco, Fez, Telenfin, Algiers, Tunis,
Tripoli, and Barca or Cyrene.

' Egypt.

It is extended from n. lat. 21 to 30, and from
long. 52 to 63. It is bounded on the eaft by the
Red Sea, on the weft by Numidia, on the north by
the Mediterranean Sea, on the fouth by Nubia and
Abifinia.

Numidia or Bildulgerid.

This is comprehended between n. lat. 22 and 33,
and long. 2 and 55. It is bounded on the eaft by
Egypt, on the weit by the Atlantic Ocean, on the
north by Barbary, on the fouth by the defart of
Zaara. - The eaftermoft part joining to Egypt was
anciently called Lybia.

Zaara,
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Zaara, or the Defart.
Tt reaches from n. lat. 21 to 28, and from long.
2 to 50. Itis bounded on the eaft by Egyps and
Nubia, on the weft by the Atlantic Ocean, on the
north by Numidia, on the fouth by Negroland.
It contains a part of ancient Lybia,

Negroland.

It is contained between the n. lat. 10 and 23,
and long. o and 42. It is bounded on the eaft by
Nubia, on the weft by the Atlantic Ocean, on the
north by Zaara, on the fouth by Guinea.

Nubia.

This is fituated between the n. lat. g and 23, and
longitude 42 and 57. It is bounded on the eaft by
Ethiopia, on the weft by Zaara and Negroland,
on the north by Egypt and Numidia, on the fouth
by Ethiopia, and is reckoned by fome to be a part

of it.
Abiffimia,

This reaches from n. lat. 2 to 12, and long. 50
to #2. Itis bounded on the eaft by the Red Sea
and Indian Ocean, on the weft by Nubia and the
Defarts, on the north by Egypt, on the fouth by
Etbiopia. The Nile has its rife from a lake in the
middle of this country.

Guinea.

This is contained between the n. lat. 4 and 12,
and long. 3 and 30. It is bounded on the eaft by
Ethiopia, on the weft by the Atlantic Ocean, on the
north by the Great River, which parts it from Ne-
groland, on the fouth by the Etbiopic Ocean. The
inhabitants of this country are quite black.

32 Ethiopia.
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. Ethiopia.

This is a vaft country, reaching from 12 deg. n.
lat. to 33 degrees {. lat. and from long. 28 to 66.
It is bounded on the eaft, fouth and weft by the
Ethiopic Ocean, on the north by Nubia and Abiffinia.
It contains a great many provinces and kingdoms.
In this country are the Mountains of the moon, lying
in 10 degrees of fouth latitude. At the fouth point
of it, is the country of the Hortentots.

Iflands in Africa.

Madeira lying weft of Morocco. The Canaries,
lying weft of Numidia ; they are 7 in number, the
principal are Temerif, for its high mountain; and
Lerro, from which longitude is reckoned, being the
weftermoft, and about the fame longitude with
Cape Blanco, or the weftermoft part of the conti-
nent. The Cape de Verd Iflands, being 101n num-
ber, lying near Cape Verd, in Negroland. St. Ma-
thes, Afcenfion, St. Helena, in the Ethiopic Ocean.
And the large ifland Madagafcar lying eaft of Ethi-
opia, and the Comore Iflands alfo caft of Ethiopia
in the Indian Sea. And befides, 'many {mall ones.

2 TACNMYECR'T CREA

~ Is bounded on the eaft by the Atlantic Ocean,
on the weft by the great South Sea, on the north by
lands unknown, on the fouth by the Soutbern Ocean.

New W ales.

A country lying on the weft of Hudfon’s Bay, be-
tween the n. lat. 51 and 64, and long. 278 and 298.
It joins to Canada on the fouth, on the north and
welt upon unknown countries.

Labrador.
This country reaches from n. lat. 50 to 63, and
long. 297 and 323. It is bounded on the eaft by
' the



Seét. I. GEOGRAPHY.

85

the Atlantic Ocean, on the north and weft by Hud- Fig.

Jon’s Bay, on the fouth by Canada and the River St.
Laurence. This is alfo called New Britain and E/f-
quimany.

Canada.

It reaches from n. lat. 45 to 53, and long. 287
and 306. It is bounded on the eaft by the River
St. Laurence, on the north by Labrader, on the
weft by unknown countries. This is alfo called
New France.

Nova Scotia,

It is contained between n. lat. 44 and s50;
and long. 309 and 315. It is bounded on the eaft
by the Gulf of St. Laurence, on the north by the
River St. Laurence, on the weft by New England,
on the fouth by the §ea,

New England.

It is contained between the n. lat. 41 and 46,
and long. 305 and 311. It is bounded on the eaft
and fouth by the Sea, on the north by Canada, on
the weft by New 2ork. This contains Maflacbufets,
New Hampfhire, Connefficut, Rbode Ifiand, and
Providence.

New York.

It is bounded on the eaft by. the Sea, on the welt
by the froguois or 5 nations, on the north by New
England, on the fouth by New Ferfey.

New Ferfey.
This is bounded on the eaft by the Sea, on the

weft by Penfilvania, on the north by New 2ork,
on the fouth by the Sea..

Penfilvania.
It lies between 39 and 42 deg. of n .lat. and 295
and 303 of long. It is bounded on the eaft by De-
G g laware
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Fig. laware River, on the weft by fome part of Carada,
on the fouth by Maryland.

Maryland.

It is bounde:d‘ﬂn the eaft by the Sez, on the weft
by the Apaluchian Mountains, on the north by Pen-
Silvania, on the fouth by Virginia.

Virginia.
This is bounded on the eaft by the S¢z, on the

weft by Louifiana, on the north by Maryland, on
the fouth by Carolina.

Carelina.

It lies between 31 and 36 n. lat. and between
292 and 303 of longitude. It is bounded on the
eaft by the Ses, on the weft by Louifiana, on the
north by Virginia, on the fouth by part of Florida
and the Sez. On the fouth part of this country is
Georgia.

Lodifiana.

It is contained between n. lat. 30 and 42, and
long. 278 and 288. ‘It is bounded on the eaft by
the river Miffi/ippi, on the welt by New Mexico, on
the north by the Inland countries, on the fouth by
the Gulph of Mexico.

New Mexico or Granada.

It reaches from n. lat. 23 to 45, and from long.
200 to 245- It is bounded on the eaft by Lowifia-
na, on the weft by the Ses, on the north by countries
unknown, on the fouth by the South Sea. It in-
cludes California and New Albion.

Old Mexico.

This country reaches from n. lat. % to 263 and
fromlong. 258 to 297. Jtis bounded on the eaft
by
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by the Gulph of Mexico, on the weft and fouth by Fig.
the South Sea, on the north by New Mexico. It
contains a great many provinces. It is alfo called
New Spain.

Florida.

The end of the peninfula, which lies fouth of
Florida ; it is contained between the n. lat. 24 and
30, and long 293 and 296. It is all environed with
the fea, except on the north, where it joins upon
Georgia. All thefe belong to North America ; the
following belong to Seuth dmerica. :

Terra Firma.

It extends from the equator to 12 deg. n. lat. and
from long. 298 to 330. Itis bounded on the eaft
by the Atlantic Ocean, on the weft by the South Sea,
on the north by the North Sea, on the fouth by Pe-
r# and Amazonia. It is divided into many pro-
vinces.

Peru,

It extends from 3 degrees { lat. to 25, and
from long. 261 to 318. It is bounded on the ealt
by Amczzama, on the weft by the South Sea, on the
north by Zerra firma, on the fouth by Chili and Pe-
ragua. On the eaft fide are the Cordileer mountains.
It alfo confifts of feveral provinces.

Amazenia.

It extends from the equator to 16 deg. {. lat. and
from long. 308 to 323. It is bounded on the ealt
by Brafilia, on the weft by Peru, on the north by
Terra firma, on the fouth by Peragua. This coun-
try 1s wholly unknown.

Brafilia.

It extends from {. lat. 5 to 32, and from long.
324 to 342. It 15 bounded on the eaft by the -
G 4 lantic
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Fig. lantic Ocean, on the weft by Amazonia and Paragua,
on the north by Zerra _ﬁﬂﬁ# and the Sez, on the
fouth by the Ses and the river Plate. It confifts of
many provinces.

Paragua.

This country reaches from {. lat. 12 to 373 and
from long. 308 to 336. It is bounded on the eaft
by Brafilia, on the weft by Chili, on the north by
Amazonia, on the fouth by Patagonia. It is alﬁ}
called La Plata. It contains {everal provinces.

Chili.
This country lies on the weft coaft of America.
It extends from [. lat. 25 to 45, and from long. 295
to 305. It is bounded on the eaft by Paragua, on

the weft by the South Sea, on the north by Pery,
on the fouth by Patagonia.-

Patagonia.

~ This is the fouthermoft part of America. It
extends from {. lat. 35 to 54, and leng. 295 to 320.
It is bounded on the eaft by the Atlantic Ocean, on
the weft by Ckili, on the north by Pamgua., on the
{fouth by the Straits of Magellan. It is alfo called
Terra Magellanica. This country 1s very little known,

American Iflands.

Newfoundland lying in the Gulph of St. Laurence,
a large ifland, and Cape Breton more to the fouth.
, Bermudas ealt of Carolina. Babawma iflands ; Antilles
iflands, the greatelt being Cuba, Hifpaniola, and
Famaica, and Porto Rico. The Lucayas ifles, the
Charibbe ifles 5 all thefe are eaft of the Gulph of Mex-
ico. The Sotovento ifles along the n. coaft of Terra
firma. Among thefe there is an infinite number of
very {mall iflands.
Terra del Fuego, on the fouth end of America,
a large
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a large ifland. The Gallipagos iflands, lying weft Fig.
under the equino¢tial.  And the ifles of Solomon ly-

ing far weft. ‘There are alfo a great number of
iflands lying weft from Mexico, diiperfed all over in

the South Sea; and likewife {feveral up and down in

the Atlantic ocean, far from any continent.

5. REGIONS about the North pole. To this
head may be referred Greenland, Friefland, Iceland,
Spitzburg, and whatever countries are near the
north pole, not yet difcovered. :

- 6. REGIQNS cbout the South pole. Van Demen’s

land, New Zeeland, Drake’s land, Cape Circumcifion, .
Bovet’s land, Terra auftralis. But not one place is .
difcovered near the pole, o

ScHOLIUM.

Having given a fhort defcription of all the known
countries of the world ; it cannot be amifs to infert a
table of the latitude and longitude of places, which
will be ferviceable for the readily finding any place
we want. The longitude is here reckoned from
Ferroy and both latitude and longitude is given
only in whole degrees ; it being prefumed, that this
will be near enough for finding out any place upon
a globe or map.

A Table
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A Table of the latitude and longitude of places.

F il lat. |lon. lat flon.
Aalberg, Alberg s7 10| z9] Alenzon, Alencon, |i8:] 19
Aarhuus 65n| 30| Aleflio 1214 40]
Aback, Weltenburg [49 n| 32] Alexandria {ior] 51
Abakanfkoi |53 nl114] Algeri fi10] 28
Abalak 57 g 84] - Algiers 37u| 23
Abazkaia son| 89| Alhama ' 370] 24
Abbeville son{ 22| Alicant 380f 1%
Abenrade, Axenrade(ss n| 30| Allendorf {s11] 30
Aberdeen 57n| 18] Allfaints bay 12 1338
Abo j6on| 43| Almeria f;;'n' &
Abydas :‘.;ranJ 47| Almifla ' l447] 39
Acapulto 170]276] Almunecar 37 0] 14
Acerra 410 36 Altamont jon{ 38
Achen 6nji14} Altena {540} 30
Achyr son| 578 Altenburg, Owar, |51n| 33
Acgs, Aux, Dax, |43 n| 21] Altorf 490f 33
Acquapendente 45n| 32| Amadubat z41n| 92
Acra 5n{349] Amadan, Hamadan |35 0| 67
Adon 47n] 29] Amadia {3710 63

_ Adrianople, An- } '..;n 4.6 Amalfa 4.111] 35
drianople 427 491 Amapalla {12 0285
Aerichot Is1n} 241 Amafia 4zn| 56
Agde {43 7| 22§ Ambara, Ambae- ] -
Agen 144 10] 19 marjam } Edd
Agra 261} g9 Amberg Itj.gl'll 32
Agria, Eger, 48n| 411 Ambrun 44} 26
Ajazzo |37n] 57| Amelia 21| 33
Aichdat 49nj 31| Amiens son| 21
Aigneperes 45n| zz| Amphipolis " la2n| 60!
Ailefbury szn| 17] Amiterdam c2h 241
Aix 430 24| Anclam s4n| 34
Aix la Chapelle sinf 25] Ancona 4310} 3%
Alaix, Alais, 44n| 24| Andernach son| 26
Albano ‘|41 n| 33} Andero 430| 13
Albany 43n|334] Andrea 43 0| 35
Albarrazin 4on| 2z| St. Andrews s6nf 18
Albemarle son| 22| Andujar, Anduxar, {38n| 24
ﬁlbuquurguy 39n| 27| Angelo 41n| 36
Albaregalis 47n| 39| Angelos 1gnjz7;5
Albert 44ny 171 Angerlburg 540| 43
Alby 45n| 20| Angermund gin| 26
Alcazar, Alcaraz, (38n| 17; Angers 470} 18
Alcudia 4on| 25| Angol 38n(3co
Aldborough 52n; 21| Angolelme 46n] 18
Aldenburg 6onl 321 Angoura, Anchira, |41n] 53}

Angra
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Angra
Anna
Annan
Anapolis
Annecy
Anflo, Obfto,
~ Anfpach
Antiquera
Antibes
Antioch
Antivaxi
Antwerp
Apenzel
Aquilla
Aracan
Arauco
Arbela
Arbon
Archangel
Arco
Ardenburg
Ardra
Arebon
Aremburg
Arequippa
Avrezzo
Argenton

- Argun
Arhufen
Arien, Aire,
Arica

Aries
Armagh
Arlon
Armentiers
Arnheim
Arona
Aronches
Arras, Atrecht
Arundel
Arzilla
Afaph
.ﬁfchaﬁ'enhurg
Afcoli
Afoph, Afcw
Afti
Aftorga

lat.

jou
"y
s fad
9N
+gn
B
49 n

|37 1

43n
36 n

38

|51 n

{46
421
20 n

37ra

135

8n
64
46n
Sln
§n
5'!]
5’0“
17n
3n
iﬁn
52 n

SCII'I

181

l43n
[s4n

49n
son
521
46n
139 0
son
SIH
26 n
§3n
;on
42n
47 n
45n
421

56 n|

lon.
350
62
18

300
2
29
30
13
2
57
44
29
25
35

I lj

joo
64
2
65
30
23

.25'
Eﬁl;
305
33
21
124

29
21
308
24
14
25
22
Z5
28
14
Z1
18

15
17

24
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Aftracan
Ath, Aeth
Athens
Attock
Avallon
Aubigne
Auch

Aveiro
Augiburg, Aufburg
St. Auguitine.
Auguﬂuw
Avignon
Avila

Aviles
Autengabad
Aurich
Aufburgh
Autun

Auxerra

Axim
Axonne
Axuma
Ayamonte
Awlen
Axel
Axipoli

B.
Babilon
Baca

Baccafferai
Bacherak

Bachu

Badajox

Baden (Swabia)
Baden (Swiflerland)
Baeza

Bagdat
Baguagar
Bagnialuck
Baﬁus

Baja

Balbec

Balca

Balifore
Bamberg
Bancalis
Bancock

l42n

{16n

; zinto;

lat.
s
51 23
38n
§3n
47 0y
471
44 n
40n
48nf 31
3oni2g)
§3n
430
410|138
43n
19{
53m
48n| 31
47n
47 0
snf

rgn
37nf 12
491
s5in
451 51

32n
37n| 16
45n| 55
son
40n
jon| 1o
491
471
38 n

33n}

441 -
§58m 31
471
33| .57
371n| 85

son| 31
2n l[g
130121
Bandora

91
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Bandora
Bantam
Baracoa
Baranco
Baranwahr
Barberino
Barcelona
Barcelonetta
Barcelor
Bardt -
PBari
Barleduc
Barletta
Bafartfchick
Bafil, Bafle
Bailaim
Baftia
Bathia
Batavia

Bautzen, Pautzem
Bayonne, Bajonne

Beaufort
Beauvais
Beja
Beichlingen
Belcaftro
Beleifora
Belgrade
Bellents
Beller
Belluno
Beltz
Belvedere
Bencoolen
Benevento
Eenguela

- Benin
Benfheim
Bentheim
Bentivoglio
Berenice, Fuez
Bergamo
Bergen
Bergen op Zoom
Bergerac
Berhin
Bern

lat.
1gn

n
21n
In
46n
440
40D
441
ign
551
41n
48n
41n
42n
48n
Ign
421
38n

61
51n
435
45n
490
38n
§In
39n
-
450
sén
46n
46n
s o
370

41
41n
1of

b

[43n

§2n
441
j0n
450
bon
§In

451
SZI’]

lon.

0z
1235

joz

303
41
32
20

26

Q04
34
34
Zg
38
44
27
9z
3o
43
125
34
17
26
21
29
31
37
61
42
Z9
25
33
45
42
121
37
34
25
29
27
32
55
29
26
24
19
34

47 .

27
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Bertraud
Berwick
Befancon
Befiers
Beftertze, Beftricia
Bethlehem
Bethune
Betlis
Bibrach, Biberach
Biel
Bielogrod
Bilboa
Bimlipatan
Bir
Birkenfield
Bifchweller
Bifignano
Bifuagar
Bitonli
Blankenburg
Blavet

Blois

Blouits
Bochara
Bodon
Boglio
Bngum
Baifleduc
Bologna, Bologne
Bon

Bona
Bonifacio
Bonneville
Boppart
Bo?iﬂ

Bofla
Boflora
Bolton
Bouillon, Buillon
Bovino
Boulogne
Bourdeaux
Bourg
Bourgt‘:s
Boxthude
DLiracciano

Braga

137 n| 6%

48 n| z0

-|4on| 8%

lat.)lon.
43n| 18
s6n| 18
745
$3 0] 43
48n| 4z
31n| 56
son| 22

48n| 29
47 n| 27
47 nf 54
43n) I4
18 nj103
35 nf 80
son| 26
49n| 27
4on| 37
I4_n 93
41n| 38
52m} 31
47n| 14

s2nf 41

450 46
44n| 27
4 N304
szn| 24
44 0] 31
son| 27
36n| 28
410) 29
46 n| 20
jony 27
42n| 16
o0y 38
jon| 67
42nl306
46n| 235
41n| 36
gi'n| 21
a5nf 18

4bn| 23
470 21
541 29
4201 34
42 n] 31

Bra-




Sedt. L

Braganza
Brandenburg
Braflan
Breda
Bremen
Breficia
Breflaw
Breit

Brefte, Breffini
Bridgetown
Brieg

Bril

Brin

Brifac
Brittol
Brixen
Bruges, Brugge
Brunfwick
Bruflels
Bucaw
Buchorn
Buckereft
Buckingham
Buda

Budoa
Budweis
Buenos Ayres
Bugia

Bugie

Bulac
Bulgar
Burgos
Burgow

Buric
Byghof

Cabo

Cabul
Cachao
Cadiz, Cales
Caen

Caffa
Cagliari
Cahors
Cajana
Caifum
Cairo grand

B
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lon.
12

33
47
24
28
31
37
14
45
319
37
24|
36
27
16
31
22
30
24
29
z29
47
17
40

41

35
318

24

14

52

71

I3

30

26

50

lat.
421
fa
5610
521
5
450
Al
481
521
130
sin
520
491
{8n
51N
G
s1n
152n
5in
48 n
47D
SR
§zn
48n
42n
4910
36(
36n
z2zn
jon
540
42n
48n
52n
53n

451N
33n
23n
36n
491
45D
jgn
441
61!1 47
jgnjizy
jont §z

35
89
125
10
18
57
30
20

Calahorra
Calais
Calcedon
Calenbu
Calicut i
Calmar
Cambaia
Cambra
Cambridge
Campagna
Campeachy
Candahor
Candia
Candy
Canterbury
Canton
Cape of good hope
Cape blanco
Cape verd
Capona
Cardonna
Carelfcroon
Carefen, Laffeen
Cargapol
Carlftadt
Carmona
Carpentras
Cars
Carthage
Carthagena
Carthagena
Carwar
Cafal, Cazal
Cafbin
Cathan
Caflel
Caffimere
Caftanowitz
Caftel novo
Caftello brance
Caﬂigliane
Caftle town
Caftro
Catanea
Cataro
Catherlouge
Caudebec

lat.
4210
51N
410
g2n
IIn
570
I'zn
sIn
5zn
41n
Ll
jsn
gn
gn
§In
23n
341
2in}f o
Isn] ©
41N
41n
cbn
16n
63n
4§50
37n
440§
4zn
36n
37n
1o0nl301
150
%5 0
36n
340
sin
35m
46n
430
39N
450
54n
43n
38n
420
53D
l_;gl'l
Caxa.

len,

124
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Caxamarca
Cayenne
Cephalonia
Cervia
Cefena
Ceuta
Chalons
Cham
Chamberry
Charlemont
Charleroy
Charles town,
Charlton
Charolleis
Chartres
Chateau
Chatelet
Chatham
Chaves
Chelm
Chelmsford
Cherafco
Cherburg
Cherefoul
Chefter
Chetter (new)
Chiapa
Chiarenza
Chichetfter
Chinca
Chiney
Chios, Scio, Kio
Chitor (India)
Chitor (Italy)
Chitro
Chinfi
Chriftiana
Chriftianople
Chriftianftade.
Cifalu
Cinoloa
Cittadella
Cividad real
Civita vechia
Clagenfurt
Clavenna

Clawlenburg

j

{32zn

Hﬁo n

lat.

38n
440
440
36n
48 n
.q.gﬂ
g

540
50]]

46n
4710
son
son
SII'.I
4zn
gIn
§zn
45m
son
36n
53m
4on
16n
38n
6on

§on
38n
230
450
4on
43D

27 |
c6n
38n

4on
390
4zn
471
46n

7

lon.
7 1303
501325

41
33
33
36
24
25
25
14
24

299

24
20
23
24
20
13
43
19
27
18
65
16

304
280

41
13

13 f|302

z5
47
96
27
43
33
30
35
i4
33

26 n|265

23
14
33
34
39
44

Clermont,Champagn

Clermont, Avergne
Cleve ;
Coblentz
Coblon
Cobourg
Cochin
Cagniac
Coire
Coimbra
C‘Dlherg
Cﬂiima
Colmar
Colo gne
Com
Comerci
Comorra
Compeigne
Compoftella
Conception
Condom
Coni
Cﬂnquet
Confenza, Cofenza
Conftance
Conftantina
Conftan tinople
Conteffa
Copenhagen
Copiapo
Coquimbo
Cordoua
Corfu

Coria
Corinth
Cork

Coron
Cortona
Corunna
chentry
Cowes
Cracow
Crema
Cremunitz
Cremona
Crefcentino
Creutznach

lat,

49n
46n
52n

50n
13n
son
9n
46n
47 n
4°n
54n
19n
48n
5In
34n
48n
48n
4910
43n| 8
ion
441
44n
48n
3%“
48 n
36n
42zn
4In
s6n
25 {]303
39 {]302
38n
40on| 4
4on| 2
37 n
sZn
3710 4
+3n
430
52N
sinf 1
son
+Hn
49n
450
4510

50 1
Croia
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Croia
Cronftat
Croffen
Cuenca, Cuenza
Culiacan
Cullembach
Culm

Cufco
Cuftrin
Czernthow

| D.
Dabal

Daca

Dagno
Dalabore
Damafcus
Dambea
Damietta
Damvillars
Dancala
Daneburg
Dantzig
Darm#ftadt
St. Davids
Debrecin, Dubitza
Delft

Delly
Delmonhurft
Dendermond
Denia
‘Derbent
Derpt
Deflaw ;
Deventer
Deux ponts
Diarbeck
Die

Dieppe

. Diepholt
Digne
Dijon
Dillenburg
Dillengen
Dinkenfpoil
Diul
Dixmaude,
Doblin, Dobetin

133n

lat.
42n
$7 1
521
4on
241
son

n
-+,
52N
§zn

18n
24n
4110
59n

lgn
j1n
491
170
53n
5410
4gn
Izn
470
§zn
28n
5310
51n
jgn
4zn
58n
5zn
5Zn
49 u
471
45n
56n
53n
44n
47n
§In
43n
491n
26n

lon.
42
47

35
16

264
31
39

308

35

55

93
119
41
33
57
54
52
25
53
31
39
28
101
42
23
99
28
24
18
72
49
33
25
24
62
24
20
28
26
24
28
30
30
89

s1n
s6n

23
45
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Dol
Dolk, Dole,
Doltabad
St. Domingo
Donawert
Dort
Dovay
Drefden
Dreux
Drontheim
guhlin
uifbu
Dumfrirg
Dunbarton
Dundee
Dunkirk
Darazzo, Brazzi,
Durham
Dufleldorp
E.
Ecija
Edam
Edinburg
Egra
Ehenheim
Ekrenford
Elbaffen
Elbin
Elcatif
Elfimburg

S —

Elfinore, Halfingore,

Elvas

E]}r
Emboli
Emmeric
Emden
Euchuifen
Engi‘:rs
Ens -
Enfitheim
Ephefus
Eppingen
Erfurt
Erivan
Erkelens
Erpach
Erzerum

lat,

48n
47n
2on
18n
49n
§In
son
5In
49n
64n
54n
§in
56R
56n
56n
sIn
42n

55n

5in

37n
52n
56n
59n
48n
551
41n
54m
251]
56n
56n
39n
5zn
4zn
52n
53m
5zn
gon
48 n
48 n
38n
40n
5In
40n
gon

49

lon.
16
25
o5
3°9
3o
24
23

33
20
30
12
26
I
14
15

21

43
15
26

12
<5
16
32
27
29
43
39
59
33
32
10
18
46
Z5
27
24
27
34
27
47
29
31
45
25
29

40D

Eflingen,

| 80
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Eflingen, Elfing,
Efnagﬂ e

Effen
Eftella
Eftremots
Eu
Evora
Exeter
Eyndhoven
Eyfenach

F.
Faenza
Falkenburg
Falmouth
Famagufta
Fano
Farewel cape
Faro
Fefanta
Fefanta de Bagota
Ferder, Verden
Ferentino
Fermo
Ferrara
Ferrol
Felipour
Fez
Finale
Flenfburg
Florence
Flour
Fluthing, Uliffingen,
Fogaras
Foix
Foken
Fondi
Fontainbleau
Fonterabia
Fontenoi
Forbi
St. Foy
Fraga
Francfort (Saxony)
Francfort (Rhine)
Frankendal
Frafcat
Frederica

|
a9 n
z25n
Elnl
43n
38n
jén
39n
sIn
51n
§5in

4410
541
SGTI
350
441
6on
36n

53n
42n
430
440
43n
27 n
33n
44N
55
43n
4§n
fLn
4710
43n
271
41N
481
4310
5[]]
441
4410
41n
52“
son

491
41In

310

25
55
26
15
ic
Z0

9
I5
28
30

32
36
14
56
34
334
11

36n 269
4n(305

9
34
36
33
12
98
15
29
29
32
23
23
48
21
1
0
22
16
23
33
15
13
34
7
28
34

297

GEIOGR A PHY.

lat. 'lon

Frederickftadt
Fredericfude
Frﬂiburg
Freifengen
Friburg
Fridburg
Frir:dburg
Frifach
Fritzler
Fuld
Fuligno
Furnes
Furftenfelt
G.
Gaeta :
Gallipoli
Gandia
Gangea
Gani
Gap
Gaveren
Geertrudcnhurg
Geldres
Galenhaufen
Gemund
Geneva
Gengenbach
Genoa, Genoua,
Germentheim
Gerumenha
Geppinz
Go lis
Ghent, Gant,
Giawle
Giabraltar
Gieflen
Gingen
Giage
Gilovenazzo
Girace
Girge
Girora
Gifors
Giula
Giufdend:l
Glandeves
Glalcow

lsin

1560

[1at.
561‘1
;61‘1
4311'
on
iﬁ-n
48 n
son
471
§In
5in
42n
s1n

47n

41m
41n
jon
41n
16n|,
440
Sin
§zn
§zn
son
49n
46n
48 n
44n
49 n
jon
48 n
Gon
SEN
bon

36n

490}
12n
41n
3gn
z23n
42n|-
49 n
47 n
431,
430

Bl ¢




Sect. I.

Glatz
Gloucefter
Glogaw
Gluckitade
Guefne, Guifen
Goa

Goes.
Golconda
Golnau
Gombron
Gor
Gorcum
Goree
Goritia
Gorlitz
Goflar
Gotha
Gottenburg
Gottingen
Gottorp
Gowde
Grace
Gradifca
Gran
Granada (Spain)
Granada (America)
Grandents
Gratz

Grave
Gravelin
Gravenec
Gravina
Grenoble
Grimborb
Gripfwald
Grodno
Groengen
Groll
Grofetto
Grotlka
Grupenhagen
Guadaiajara
Guadalaxara
Guadix, Acci,
Gualeor
Guamanca

lar,
5On

1520

5en
54n
52n

{1bn
|5in

i7n
4 n
23
32n
52n
ISn
46 n
5hn
52n
5In
58 n
320
351
§zn

" l43n

450
48 n
jin
IIn
53n
47 0
52n
5in
43 n
41 n
50
50n
540
540

52n
+Z N
+5n
5In
21 n
40 n
370

1260

itzn

53nf

37
1

37

lon,

GEOGRAPHY.

Guarda
Guatimal
Guaxaca
Guben
Gueret
Guiaquil
Guiara
Gurk
Gufitrow
.
Hadderfleve
Hadramut
Haerlem
Hagenan
Hague
Hailbrun
Halabas
Halberftat
Hall
Halmftadt
Ham
Hamadan
Hamburg
Hamchen
Hamelin
Hanan
Hanover
Hapfal
Harburg
Harderwick
Havanna

Hayre de grace
Hean

Heidelburg
Helmftad:, Halm#ftat
Helvoetfluys
Heraclea

Herat

Herborg
Hereford
Herentals
Hermanftadt
Hefilin, Hefdin,
Hildertheim
Hindown

- Hirchficld

1 lat.

7o

lon.

12
280/
277
35
z1
2937
312|-

35

33

29
i 70
24
27
24
29|
102
31
30
13
27
68| .
30
140] .
%9
| %9
29
590 45
540 30
sz

4on
150
18n
[$4)
4710

21
IIn
4710
§4n

16
230|297
4901 37
22 n|126]
jonl 29
e
§zn| 24
410| 48
340t 8o
s1nf 28
§in 52

10| 2
5 43
22
30
g8

son
§zn
2?[‘]

sin| 30

Hochiltet .

97
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CEOGRAPHTY

Hochitet
Hoenzotlern
Homburg

- Honfleur

Horn
Hornburg
Have

St. Hubert

Hegl
Hu%fy
Hulft
Hunninghen
Hufum
Huy

I
Jaca
Jafia, Joppa
Jaen
Jagendorf
St. Jago
St. ]a.gn
Jagodna
Janzo
Jamba
Jamby
Jamets
Janna
Japara

Jariflaw

St. jean de Mau
rienne

Jeddo

Jena

jenkopia

Jerufalem

Jeflelmery

Jever

] Elaw

I Illuck

Jmola

Imperial

ingﬂlﬂ:adt
Indprack

}

lat.
4910
48n
50n
490
53n
48n
530
son
23n
42n
sIn

fa7n

zgn
§in

430
330

138n

son
Z0n
34 1
44n
45n
ikn
Zn
4910

S9R
61

s8n
2¢n
470
sAn
42n

45 0
36 n

5in
58 n
32n
27 n
340
491
3n
461
450

40 1
48 n

lon.
30
29
27
19
24
29
29
25

108
17
24
28
2
2

124

294

7

3z

Joinville
Ienach, Eyfenach -
Ifernia

Ifney

Ifpahan
judenburg
udm%

St. Julian
Juliers

Jurea

5.
Kaffa
Kakenhaufen
Kalifh
Kallo

Kaminec

Kanifca, Canifa

Kargapol

Kaufburen

Keiferberg

Keifer{iwert

Kempten

Kerman

Kexholm

Kiel -

Kilha

Kimi

Kingfion (Jamaica)

Kiow

Kiattan

Knyflen

Kola

Komorra

Kongel

Koningfburg, Re- }
gimont,

Koningfgratz

Kowno

Krainflaw

Krempen

Krems

Krim

Wufstain

Kuttenburg

L.
Labiau
Ladenburg
Ladogna

lat. {lon.]
490
SI n
4zn
48n
330
47D
son
49 {1313
sin
450

471
37|
5zn} 338
48n
48 n
4710] 38
6z n
481
48 n
51
47D
zon| 76
O1n
550
471
66n
18n
51m
46n
§3n
169 n

49 n
§8n

54m

gon
S50

541
48 n
48 n
48 n
gon

§5n
{50n
41 n} 36|

Lagos




Seé‘c: 1.

Lagos
Laholm
Lahor
Lambero
Lam beﬁ:ﬂ
Lampfacus
Lancafter
Lanchang
Landaf
Landan
Landaw
Landen
Landrecy
Landfcroon
Landthut
Land{croon -
Landfperg (Brand)
Landfperg (Bavaria)
angeac

Langrez
Laon

Lar

Laredo
LarifTa

Larta
Lavamund
Laubach
Lauda
Lauffenburg
Lauogingen
Laufanne
Lawenburg
Laxemburg
Lebus

Leccie
Le&our
Leerddm
. Leghom
Leiphick
" Leith
Lemburg, Leopolis
Leucicia

St Leo

Leon (Spain)
Leon (America)
Leontini
Leopolftadt
Lepanto

lat,
370
§7 M
34n
41 n
43n

40n

zZln
Sim
son
49 1
§in
§on
56 n
48 n

551:1

33m
48 n
45D
48n
son
z8n
440
JOa
391]
4710
461
49n
47 1
481
461
540
48n
528
.1.0{:
441
g2 1
43n

541

GEOGRAPHY.

lon
8} Leria, Reiria
32| Lerida
95| Lefcar
9| Leffines
24| Lettere
48| Leucate
151 Leutkirk
121] Lentmeritz, Leto-
g meritz
28| Lewarden
28] Lewifburg
24| Leyden
23] l.ezina
34| Libaw
32| Lichtenberg
33] Lida
36| Lidcopin
31 Liege, Luyck
23] Liere
251 Lipnitz
23] Lima
74| Limburg
141 Limeric
45| Limoges
42| Limpurg
35] Lincoln
35 Lincopen
31] Lindow, Lindaw
28 Lingen
3o Lintz
26| Lippe
31} Lifbon
371 Lifieux Lifeux
35| Lifle, Lille
40| Lifla
19 Lita
25| Litchfield
31| Livadia
33] Loango
16| Lochem
44| Loches
39| Lodeve
34| Lodi
12|  Logronto
285 Lojowogrod
36|  Lombes
391 London
41| Londonderry
o S

|

140n

lﬁt.

41n
43n
5O0n
40n
430
47D
§on

530
451
520
41 n
56m
yon
53
§9n
51n
cIn
51n
12 {j303
gIn

2n
iﬁn
son
53n
;8n
471
531
48n
c2n| 2
9onm 9
49n
gIn
531'1
41

531
38 n

§zn
S
452
450
4zn
4znf t§
43 T
s1 D

550
Lﬂngut-

-



1CO

GRAFHY.

GREO

£ vl lat. {lon.
Longueville . {zon| 19
Longwy, Longovy [son| 25
Loo 5zn| 26
Lorca 38n 16
Loredo 45n| 33
Loretto, Lauritana |43p| 35
Loudun 47n| 26
Lovitz Is2n] 40
Lovrebrander 2gn| 88
Lourde 43n| 18
Louvain, Lovain  |51n| 24
Louvo Tignjtz
Toxa sf|301
Loya, Loja, Loxal [37n] 14
Lubec . s4n| 31
Luben (Bohemia) © |s1n| 36
Luben (Saxony) 32n| 34
Lublin sin] 43
Lubow, Lublaw 49n| 41
Luc 45 n] 25
Lucca, Luca 44n| 31
Lucern 44 0] 27
Lucinganno 43n| 33
Lugano 46n| 28
Lugo 43n] 9
Lunden s6n| 34
Lunenburg c4n] 30
Luneville 49n] 26
Lure 450 36
Luffon 46n| 17
Lufne, Lucko sin| 45
Lutzen §in] 3<
Luxemburg gonj| 20
L.uvzara, Luzzara 45nf 3!
Lyons 40n) 24
: 35

Macerata 430
Mackeran 26 n| 60

Madenburg, Man-

¥ihad } {7
Madre de popa 11 nfz02
Madrid 400! 14
Madrigal Inj303
Maefeyck stnf 2¢
Maeitricht sIn| 25
Magadoxa z2n| 61
h’!ﬂgﬁfhﬂrg 53 n 3z
Magliano 49 1} 34]

Majorca

Malaga

Malda

Malmoe

St. Malo

Malta, Medina
Malvalia

Manrefa

Mans

Mansfield

Mante

Mantua, Mantona
Maracaibo
Marana

Marans

St. Marco
Mardike
Margentheim
Margoreit
Marienburg (Germ.)
Marienburg(Poland)
Marienburg, Sweden
Marmande
Marognia
Marpurg
Marfala
Marfalquieur
Marfeils
Marfico
Martaban
Martha
M:rtocano
Mafcon, Mazon
Mafla
Maflferano
Mafuliparan
Mztera
Materan’
Mauhcuge
Maulcon

St. Maupa
Mayenne
Mazagan
Mazara
Meaco
Meaux
Mecca
Mechlin

lat,

39n
37n
251'.
550
480
3sn
360
41n
48n
52n
490
450

41n
46 n
39n
5in
49n
47n
50n
54n
59n
441
.r!,.zn

-

51In

1370

16n
430
4on
171
1zn
39n
460
44 1
4510
16 n

41n

ol
43.0
38 n
480
335

n
o

490

e

sIn

IIn|:




Seﬁt {.

Medenblic
Medina celi
Medina talinari
Medina fidonia
Mednick
Meiflen
Meldorp
Meliapour
Melinda
Melito
Melle
Melros, Meurs
Melum, Melun
Memel :
Memmingen
Menchon
Menen, Menin
Men:z
Meppen
Mequinez
Meran, Moran
Mergentheim
Merida
Mero
hﬁerihurg :
erfperg, Merfpur
Mf:ﬁ:iedg =
Mefeen
Mefember
Meflina
Metling
Metz
Meurs
Middleburg
Milan
Milland
Mindelheim

Minden ‘

Minfl, Minfki
Miranda de douro
Miranda de ebro
Mirandola
Mirepoix

Mittan

Moco, Mecho
Modena

Medica

Meodon

§3m
41n
50
36n
sbn

sin
i
3n
3 f
28n
g2n
56n
48n
56n
48n
49 0
§in
490
530
34n
47 1
190
39u
I7n
sIn
470
36n
66n
440
38n
460
491
5im
51nA
450
440
48n
52N
54n
421
4310
450
43 M
gon
130

430
3610

350] 46!

o8
I

6
i1

44
33
29
100
39
38
28
16
22

43
30
24
23
28
z7
8
31
32
Il
116
132
29

GEOGRAPHY.

lat, lon.

- [lat.
Modrufch, Madrufch|4sn
Mohilow, Mogilof [s4n
Mofette l4in
Mola 4En
Molina 411
Molife 421
Mol{keim 48n
Monaco I;1_4,1-1
Moncaller, Moncale!44n
Moncon 421N
Mondonnedo “l43n
Mondovi 440
Monluflon 461
Monopoli 41n
Mons, Bergen fson
Montallo 431
Montaugis 48u
Mentaaban 440
Montbelliard ‘13470
Monthrifon 450
Monte verde l4In
Montpelier,Mom-
pel?er } 430
Montreal (Sicily) - {38n
Montreal (Spain) f43n
Morlaix ~ |48n
Morocco jzn
Mortaigne 491
Mortara, Montara- [4§n
Mofambique st
Maofbach, Mofpach j49n
Mofcow 55 nf
Mofpurb 48|
Moulins 461
Mouful, Moful 36n
Mucyflaw 54m
Mulhaufen 48n
Multon 30n
Mungats, Munkats |49 n
Munick, Munchea [48n
Munfter §Zn
Munfterburg 51m
Murcia 381
Muro 4tn
Muftagar _[30m
Muxara, Muxaera {370
Myyden 520

H j3

‘101




102

GEOGRAPHY.

N. lat, jlon,
Naerden s2n| 24
Najara 42n| 15
Nacfivan 390 65
Namur son| 25
Nancy 490 26
Nangafagui 320|151
Nankin 32nlizg
Nants, Condivineum|qg7n| 17
Naples. 41n] 38
Napeli 36 n| 49
Narbonne 43n| 22
Nardo 41nf 39
Narenza, Narenta (430} 39
Narni 42n) 34
Narfinga 150 98
Narva. 59n| 48
Naffaw s0n| 27
Nata 9 n|2g6
Navereins 430} 17
Naverino 350} 40
Naumburg s1nf 32
Negapatun 1inf 99

egrais 17njiiz
Negropont 38 n| 48
Nemours 480l 21)
Nepi ; l42n| 34]
Neuenburg, Nubergi48n| 31f
Nevers 41nf 22
Neufchattel 47n| 26
Neuftadt 47 0] 33
Newbar 490/ 31
Newcaltle s5nf 16
Newmark 470) 45
MNewpont sinf 21
Nice, Nizza 30| 27
Nicomedia 410 51
Nicopin s9.0f 37
Nicopolis, Nigepolil4snl 47
Nimeguen, Nim- 1}, .l 5

megen 5‘,_ 1 5
Ninove c7Rl 23
Niort 460} 18
Nifmes, Nimes 430} 24
Nifna s6unf 65
Niffa 4310} 43
Nitracht, Neytra j490| 39}
Niville . punlzg

. Qleron

Nixabour, Nafabor
Nocera
Nola, Nole
Nombre de dios
Nona
Norcia, Nurfia
Norden
Norkepin
Northeim
Northanfen
Norwich
Noto
MNovara .
Novigrad
Novogrod, Weliki
Noyon
Nurenburg
Nuys
Nyburg
Nyenburg
Nyflot

O

Oberwefel

Ochrida

Ochenfurt

Oczacow

Odenfee

Qdor

Odenburg (Weftph.)

Oldenburg (Den }
mark)

Ohka
Olinda
Olite
Olivenza
Olmutz
Olympea, Longinico
St. Omers
Ommenburg
Oneglia
Oppelen
Oppide
Oran

4586m

lat,
36n

n
ﬁni 30
ton
450
430
545

s1nf
520}
s3m
36n
450
4501
530
490
490
ginm
551
530

GERU

son
410
£9 5
470
s6n
5om

530
540
430
51l
3 ]
42nf 1
38n
490
38n
51n
5111
*Fg'“'
son
38n
370

Drange
Oratavia
Orbitelio

44 0
28n| 1

4znl 32
Ordunna



Selt. L.

Ordunna
Qrenfe
Origuella
Oriftagni
Orixa
Orleans
Orleans new
Oropeza
Orta, Horta
Orvietto
Ofnabrug
Oftend
Oftuni
Olfwego
QOtranto
QOudenard
Oviedo
Oxford

Padang
Paderborn
Padua, Padoua
Paita
Palamboang
Palamos
Palanca
Palazzuoli
Palencia
Palermo
Paleftrina, Prznefle,
Palma
Palmyra
Pamiers
Pampc!una
Panama

Panay

Paneale

FPapa
Papenheim
Paraiba
Parenzo

Paris

Parma

Parnaw

Paflan

Pafto

Patan
Patchuca, Patioque,

lat,
430
42n
38n
390
20n
48n
jon
zof
420
43n
gzn
5In
4In
440
40n

sIn
430
g2 n

i{
52N
450

gn

8f
410
438n
jon
420
j7n
420
38n
33n
430

430
1on

Irn
440

lon
14

9
16

.

109

275

GEOGRAPRHYS

Patna

Patras

Patti

Pan

Pavia

Paul, Pol de leon
St. Paul

Paz

Pazzi

Pedir

Peon

Pekin

Pella
Pelufiom
Peniche
Pennon de velez
Percaflaw
Perga
Pergamus
Pengux
Permavelec
Peronne
Perpignan
Perfapolis
Perthamboy
Perugia

Pefaro

Pefcara

Peft
Peterbnruugh
Pf.I_Erfburg
Peterwaradin
Petricow
Pettaw, Petaw
Pettipﬂ]y

P forttheim
Pfulendorf
Phalifborg
Pharnacia
Pharfalus, Pharfa,

Philadelphia, (Afia)

Philadelphia (A-
merica)

Phi!ippi

Philippopoli

Philipfburg

Placenza

Picuza

]

|31n

|41

103
lat,
26n
38n|
38n
430
450
491
24 n
18n
41n
§n
I7n
4on
41N
§in
jgn
35n
jon
jgn
jgn
45
pbin
jon
430

410
431
140
4zn
48n
Zn
rﬂﬂ
46 n
51D
470
I'FI.'.I.
4910
46n
49N
410
jgn 3
3800 49

410

421
490
451
430} 33
Pigne:nk




104 -

Pignerol
Pilau
Pilfen
Pilfno, Pilzow
Pinfk
;iambinn
iple
P,ili?a y
Pifca.
Pifcataway
Placentia
Plata
Platea
Plawen
Plefcow
Plaviers
Poggio imperial
Poictiers
Pola
Policafiro
Polignano
Polockz
Pondicherry
Pont de elprit
Ponta moufon
Popa madre
Pcpa}?an
Porentru
Portalegre
Portrentru
Port I'orient
Porto
Porto bello
Porto hercole
Port St. Mary
Porto rico
Port royal
Pofega
Polna
Potenza
Potofi
Pourfelui
Prabat
Prague
Precopia, Orciup
premiflaw

Prefburg _

l42n

“141In

_j39n

370

1161
{son
faqn

lat.

4410
5504 41
59N 33
:,'n::-nI= 4C
520 47
32
1ob

lon.
Z7

Z1ln
43 n
14 {302
4410308
430158
23 {311
38 ni- 46
son’ 32
570l 50
;;Bni 2
43n 32
46n 19
45n 35
4on. 37
39
55051
Izn Ioc
A4 I 4

149 n] 26

[on
3n
470

jol
joz
27
IC
4?ﬂ| 27
48 n
4inf G
_gn?-gfh
42nf 32
11
18n
170
45D
l'szn

{4onj 37

za2f
z28n

4910
4801

16|

1

34

GEDGRAPHYD

Prevela
Priaman
Prifferan
Priftina
Procupia
Prom
Prolomais
Puy envelay

Puzzuolo, Pozzuole
L

%akcnb%&
Quebeck
Queda, Keda
Quedlinburn
Quellin, Queviling
Quelnoy

ueyan
%il}iebguf

uiloa
gz:imper
Quimperlay
Quinque ecclefiz
St. Quintin
Quito

Raab
Rachelfburg
Ragufa
Rajamahal
Rajapour
Rain

Rakaw
Rakonic
Rambervillers
Ramillies
Ranchira
Ranetz
Rantzow
Raorconda
Raperfwill
Razeburg
Ratipor
Ratifbon
Ratzeburg
Rava, Rawa
Ravello
Ravenna -

R.

"

< l3zn

‘l1o {]

[son

i .1.3]1

454 n

-

lat. [Ic’m.

380 44
1 {118
43 Ml
430] 41
441 41
igh 114§
56
24
36

145 R
410

§zn| 27
4791394
70118
szn) 31p
26n|129
son| 23
270|126
4910] 23
59
14
15
e
e
300

48n

471
46n

I3 f

38
37
401
106

97
31
59
33
26
5In| 25
12 n|300
§5n| 43
304
.99
28

|48n
47 n
43n
24ﬂ
Z2n
49n
36n

50n

170

47 n
60n

50n
491
541
§2n| 4©
41 .nl 31'5J
440l 33
Raven{

44
38
32
31




SE&. L GIE O-G:R-A P HLY.

\at. flon,; lat. {lon.
Ravgnfbgrg(Weftp}gzn 27 Rofienne 5N 4.
Ravenfberg (Swab.) 47n{ 29[ Roflanno fon| 38
Real, Chiapa, 17n}281] Roftock 541 33
Realejo - [1z2nj307| Roftow, Roftof 57m 60
Rebuick 45n| 47| Rotenburg 49| 31
Reccandi 430} 36| Rottenburg 31| 29}
Rees 5z2n| 25| Rotterdam 52n| 24
Reggio 44nf 31| Rotweil 48 n} 26}
Regio 318n 3? Roven, Roan 49n| 21
Rennes 48n Rovi 45n| 32
Refcht 318n ?2 Roye, Roya 49n| 23
Rethel 49n| 24| Rudelfwert 46 n} 36
Rethigen 43n| 29| Rudifto 4znl 3
Revel sgn] 46| Ruffacu 43n| 27
Reutlingen 48n| 29| Ruvo 4tn| 28
Pezan s5n| 64 Rzeczyca $3n| g1
Rheines 49n| 24 S.

~ Rhineberg s1n| 25| Sabionetta 145n] 31
Rhinfelden a7n| 27| Saccai 36155
Rhodes 36n| 49| Saderafapaton izn{100
Richelieu 47n] 18| Sagan 52n| 35
Ries 43n| 25| Said 27n| 52
Rienx 43n| 19| Saintes 46n| 17}
Riga 57n| 45| Salamanca (Spain) [41n| 11
Rimini 44n| 34| Salamanca,America,|17 n|z85)
Rio, Riom 45n| 23| Salamis 47 0| 44
Ripatranfone 43n] 35| Salenkamen 45n| 42}
Ripen §6n| 29| Salem 42 n{308
leanu, Rifne 43n| 42| Salerno 41n| 37
Riva 46n| 311 Salins 47n| 26
Rivadec 43n| 10| Salifbury sin 16
Rivoli 45':1 27| Salle 340 11
Roanne 23| Salm 148n| 27
Rochelle anﬁn 17| Salona 44n| 39
Rochefter s1n| 19| Salonichi 41n| 46
Rochfort 46n| 17| Salfes 43n| 20
Racroix con| 24| Salfona 4zn| 19
Rodez, Rodes 44n| 22| Saltiburg 48nl 33
Roermond - |sen| 25| Saluzzo 45n| 27|
Roleduc sin| 26| Samarcand 4on| 86
Romans 45 n| 25| Samaria 33n| 58
Rome 42n| 34| Sandec, Sandecz  |4gn| 41
Ronciglione 41n| 35| Sandomir son| 42
Ronda 36n| 11| Sanguefla 47n| 17
Rofchid, Rofchild {56n} 32| Santa cruz 23n(293
Rofes 42n| 22| Santa maria 8njzg8
Rofetto junl 61] Santafe 36n{z69
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Santa fe de bagota
Santarem
Santen
Santillana
Santuliet
Santorini
Saquem
Saragofa
Saraio, Seraio
Sarbruc

Sardis

Sarlat

Sarno

Sarfina
Sarzana

Saffari
Savanna
Savigliano
Samur

Savona
Sayarook
Scala
Scanderoon
Scaros, Saros,
Schafhaufen
Schamachia
Seharding
Schleftat
Schemnitz
Schiras, Chiras
Schomberg
Sthﬂ-nﬂﬁr, Sufa
Schweidnitz
Schweinfurt
Scio

Scrivan
Scutare
Sebenico
Secandra
Sedan

Sees

Segedin, Seged
Scgefwar
Segewold, Sevold
Segni

Segorbe
Segovia (Afia)

{44n

lat.jlon.
41304
3.9]1 1C
52n} 26
43n} 13
s1n| 23]
36n| 45|
ign} 59
41n} 7
450} 40
2gnf 27|
37n| 48
45n| 21
41nf 36
44n} 33
44n} 31
4on} 29
3zn|297
27
47 '3'3[
44nf 29
41nj306
41nf 36
36n{ 57
49 ni 41
47 n| 28
4k n} 70}
46n} 33
480y 27f
49n| 39
jom 73
son 26
31n| 68}
srn}
sonj
39n}
icn
42n
440f
27N
[4gn}
49n
46m
470
57n
4Zn
40n

37
31}
54

150

Segovia (Spain)
Selivrea
Semendria
Senez, Senes
Sens

Seregi

Se ﬂ:'a.g ;PPG
Setines, Athens
Severino
Seviero

Seville

Sibet

Sichem

Sidon, Zidon
Siegen

Sienna

Sigan

Sigeth, Zyget
Sigiftan

Siguenza
Siﬁ?tria, Doreftero
Sillebar
Simmeren
Sincapora
Sinope
Sion

Sirad

Siran ager
Sirmiom
Sifeg
Sifteron
Slawkaw
Slefwick
Sluezk
Sluys
Smalkaden

- Smolentko
1 Symrna

" Snakenburg
" Sneek
. Soconfco
- Suczow
- Soeft

Sofala
Sofia
Soignes
Soifons

1at.

410
430
450
441
8n
‘1}1 {
A1 N
38n
39n
420

150
32H
330
SIH
430
340
46n
31“
410
440

{]

In
42n
46n
52!1
3in

n
2
440

e

fom :

lon.

53 %
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: lat.
Solms §on
Solothurn 47 )
Sondro 36n
Sora . 421
Soraw §zm
Sorrento 41n
Sottotitza 63 n
Sovanna 42n
Spaa, Spaw 50n
Spaletto, Spalatro |44 n
Spandaw 52n
Spires 491
Spoleto 42n
Sprotaw 52n
Squillace 39n
Stade 541
Stagno 431
Stanz 47 1
Staria s8n
Stavenger 59N
Stavern $3n
Steenburg s2m
Stenay 49n
Stendal 530
Stereburg 53m
Stetin 531
Steyre 491
Stockholm 59n
Stolp 54n
Stralfund 54.n
Strafburg 48n
Strau bing 4gn
Strongolo. 39n
Stugart 48n
Suez 300
Sulmopa 420
S unnﬂberg 530
Surinam 6n
Sufa 4510
S uﬁial 57 ny
Swallen Zin
Swerin 54n
Switz {70
Syracui‘e 370

448

Tabafco 18n
Tacungo ba f

GEOGRAPHY.

lon.
28| Tafala
271 Tahlet
30| Taitchen
35{ Talamone
351 Tanafferim
36] Tancrowal
6ol Tangier
32| 'Tanjour
26 Taormina
3g{ 'Taracon
34} ‘Taragona
28{ Tarento
34| Tarafcon
g6f Tarbe
38| Targarod
zgi ‘Targovifco
41| Tanffa
28] ‘Tarkn
54| Tarodant
26} Tarracon
25t Tarragon
24y ‘Tarfus, Teraflo
25l Tatta
32} Tavaftus
36) ‘Tavira, Tavir
35| Tauris
34 Tayiren
39 Tecklenburg
38| Tegapatan
34} Tellickerry
2yl Temelwaer
33] Tergowilk
38} Termini, Termola
29t Terni
54) Ternova
36} Tervel’
351 Tefchin
322} 'Thebes
27| 'Thionville
66| St. Thomas (Afia)
g2| St.Thomas, America
32| Thonon
29| Thorn
36! Thoulon, Toulon
Tholoufe, Touloufe
283 Titul
z00l Tivoli, Tibar

lat. llon.

i3n
jon
zgn
4zZn
I2n
I4n] 4
36n
IIn
38n
52n
41n
40n
43n
43n
47n
48n
36n
42zn
jon] 8
4zn
40n
j7n
26n
61n
i7n
380
Jon
5zn
8n
I2n
46n
46n
4zn
4zn
43n
4on
5on
38n| 4
4on}
!311
7n
46 n|
5‘31’1
470y 2
440

45
l4znf 34
Tibolfki
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Tobolfki
‘Tocat
Tockay

Todi

Toledo
Tolofa
Tombut
Tomebamba
Torcello
Tordecillis
angaw
Torna

Torne
Tortona
Tortofa

Tounl
Tﬂﬂl’l’lﬂ:‘f
Teurnon
Tours
Traerbach
Tranchin, Trenchin
Trani, Trane
Trapano
Trapezond
Traw

Trent
Trevigio
Trevoux
Triers, Trevers
Triefte
Trinidada
Trinquebar
Tripoli -
Triquier
Trois rivieres
Troki
Tropea
Troppaw
Troy

Troyes
Truxillo (Europe)
Truxillo (America)
Tubingen
Tucuyo
Tunja

Tunis

Turin

6sn
41n
q.Eln
430
39n
430
I4n
z {
43n
41n
51N
48 n
66n
44.M
4on
48n
son
450
47 1n
5{}]1
490
41n
38n
42n
4410
46n
4510
46n
son
46n

|13 n|284

Izn
LERS
48n
¥R
§4n
398
son
39
48n
39n
3n
48n
7n
4n
26 n

440

lat.[ lon.

93
59
42
33
13
15
7
301
33
13
33
4_1
43
23
18
25
23

101

Tuy
Twer, Twere

Tyre
Tzorlic

V.
Vado
Vaifon
Valence
Valencia
Valenchiennes
Valenza
Valkenburg
Valladolid
Vallona
Valparaifo
Van
Vannes, Vennes
Varna
Vaudemont
Ubeda
St. Ubes Setuval
Udentkoi
Udino
Velletri
Vence
Vendoime
Venice
Venlo
Venta de cruz
Ventimiglia
Vera cruz
Vera pax, Coban
Vercelli
Verdun
Vernon
Verona
Verfailles
Verua
Vefprin, Weifbrun
Vezelal
Viana
Vianden
Vicenza
Vich
Vienna
Vienne
Vigevano

{51 nf 25

14311 20
{4801 371

1at. |lon.
4znf 8
57 nf 6o
3z2n| 58
431 53

44 n| 29
44 nf 26
45 np z5
3gnf 17
50nf 23
4501 29

42nf 13
41nf 41
33 f]301
38 n| 64
47 0l 15§
450! 53
48 n 26
38nf 14
38nf 8
53ni116

41-8pisg
43 n} 27
48nf 18
4571 33
§1In 26
9 nizg7
42m 27
Isnz-rﬁ
15nj28%
45nf 28
491| 25
49nf zi
4501 31
48n} 22
45nl 28
47 1} 39
47 | 23
42znf 16
gon| 26
4501 32

451| 24

450l 29
Vigo
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: 1
Vi .
Viﬁt;ﬁfa
Villena
Vire
Vifet
Vifiapour
Viterbo
Vitoria, Victoria
Viviers
Vize
Uladiflaw
Ulm.
Ulmen
Uma
Umbriatica
Voidenar
Volona
Volterra
Upfal
Urbine
Urgel
Ufcopia
Utica
Utrecht

Uzez
w.

Wagin ingen
Walcourt
Waldthat
Wangen
Waradin
Waralden
War{aw
Warta
Wartenburg
Waterford
Weil, Weilltat
Weilburg
Weimar
Weifenbarg Tranfil.
Wells

Werden
Werdenburg

Werl

Wertheim

Weiel

Wetterwick

lat.
4zn
z0n
38n
48 n
5in
17N
4210

431

{440

43n
53n
48 n

{s5on

64n
40n
40n

{42n

430

bon

430

42n

437
37n
5Zn

44n

$2n
s0n
4710

ja7n

47n
47n
§2n
54n
5“'1
52n
49n
5on
gln
406n
438n
5in
471
5Iin
50n

15!11

lon.
8
278
16
17
26
96
33
15
24
52
39
30
26
38
41
45
40
31
38
34
i

4
29
z5
24

23
24
28
30
44
38
41
43
c ¥
11
28

281
31]
45

34

26
3D
27
2Q
206

58n

37

GEOGRAPHY.

Wetzler
Wexio
Whidah, Fida
Wiburg
Wiburn
Widen, Vidden
Wihitz
Wilkomers
Williamfburg
Williamsfort
Williamftat
Wilna
Wimpen
Winchefter
Windaw
Winnicza
Winoxbergen
Wilby
Wiimar
Witeptki
Wittenburg
Woerden
Wolaw
Wolfenbuttle
Woigaﬂ'
Wolkowlka
Wolodimar
Wolodomer
Wologda
Worcom
Worms -
Woronitz, Worotin
Wurtzburb
Wynendalf
Wynexberg

j

Xaca,; Sicca
Xaldco

Xartiva

St Xavier

Xeres de badajos
Xeres de la frontera
Xeres de guadiana
Xicew

Xilopalis

Xintan

Xixona

lat.
son

..5?11

37m
22n
jon
241
31810
370
gy
27N
420
300
1350

lon.
z5
34
23
29
59|
46
37
46
302
Iﬂ:.n'
24
46
29
17
43
50
2]
38
31
54
33
24
37
3'3
54
44
45
50
62
24}
28
65
31
3
21

34
268
17
328
10
i

g:

I
I2%]

471
140,

171

Huanogrod

109



IID

GEO'GRIATPH Y.

Xuanogrod
ey 11 - W
Yenne
Yeid
Ylit
Yoangfu
York
New York
Ypres
¥Y{endic

.Yiondun

Yvica
Yvoix

%
Zabern, Saburn
Z.abern elfas
Zabes
Zabola
Zagrab
Zamora
Zamofki
Zamora
Zara
Zargona
Zarnaw
Zallow
Zator
Z.awolocze
Zeby
Zeigenheim

lat. |lon.
450 38

451 25
330 74
53M 25
3inu34
4Ny 17
41.1 n 304_
S51n 2%
5i0 22
470 22
ﬁgﬂltg
5 ﬂlzg

490! .3
430 27
o
il
-1-5 n: 3?
420 g2
591 44
410 26
C v o g

451 46
51%.4@
501 5o
sOm 46,
378 5
157 m 30
51 zg!

Zelts

Zell

Zenilin
Zeng, Sépua
Zenobiz
Zenonis
Zerpit

Zers
Zeverinum
Ziericze
Ziget

Liltz
Zintzheim
Ziffera
Zittaw
Znaim
Z.olaritzo
Z.ollern
Zolnock
Zornajam
Zug

Zurick
Zutphen
Zweybruck
Zwickaw
Z:wifalen
Zwingenbur
Z wh[%wn], 5
Zwonile
Zytomiers

LT

5zn| 32
45n0f 48
461 45
51nf 25
46n| ¢2
441 4
4gnf 29
S7 0 54
S1n 34
43n| 26
64 n| 60
481n| 28
47 0f 4|
s6n ¢
461 28
47101 2¢
sznf 20
49| 271
SQT[ 32
48n| 29
49nf 28
530 25
44 8] 42
sinf 52

S E Gk
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The ufe of the Terrefirial Globe, in the
Solution of Geographical Problems.

F ig.

HE parts of the terreftrial Globe are much

the fame as in the celeftial ; thefe are the
brazen mendian, the wooden horizon, the qua-
drant of altitude, the horary circle, the femicircle
of pofition, and the mariners compafs. The eaft-
ern edge of the brazen meridian is divided into
degrees, and reprefents the true meridian. The
upper fide of the wooded horizon is divided into
‘degrees, and reprefents the true horizon. The
quadrant of altitude is a thin brafs plate, fixt to the
meridian at any point of it required, by a nut and
a fcrew. ‘That edge of it which is divided into de-
grees is called the fiducial edge, and properly re-
prefents the correfponding great circle.  The ho-
rary circle 1s divided into 24 hours, making twice
12 ; and 12 at noen is at the upper part of the me-
ridian, and 12 at night at the oppofite fide ; the
morning hours to the eaft, the evening ones to the
welt ; the end of the axis reprefenting the pole,
carries round the hand, which thews the hour.
The femicircle of pofition has its extremities fixt
to the north and fouth points; about which it
moves freely, and may be fet to any pofition. The
mariners compafs is placed on the foot of the globe,
and ferves for fetting the globe in the fame pofi-
tion as the heavens,

The circles drawn on the terreftrial globe are,
the equinoctial, and the parallels of latitude to
every 10 degrees, the two tropics, and the two
polar circles ; alfo the meridians at every 10 de-
grees dutance upon the equinoétial, beginning ﬁu:

the
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Fig,the firft meridian, which is or cught to be, that
pafling thro’ the ifland of Ferrs, one of the Ca-
naries. The ecliptic is alfo drawn on the terreftri-
al Globe, tho’ it belongs properly to the celeftial 3
and is put upon the terreftrial for the fake of re-
folving fome problems of the fphere. Alfo rumb
lines are drawn upon fome vacant place of the
terreftrial globe, fhewing the 32 winds or points of
the compafs. ;0N

The furface of the terreftrial Globe differs from
that of the celeftial, in this particular ; that upon
the celeftial are defcribed the feveral conftellations:
of the heavens, with the true places of all the ftars.
But upon the terreftrial, the feveral countries of
the world are defcribed ;3 all lands and {feas ad-
toining to them ; all iflands, capes, bays, moun-
tains, rivers, towns, and other things upon the
earth are delineated in their proper fituation, juft
as the places themfelves, which they reprefent, are
upen the earth. So that this globe or little earth
will be exatly fimilar to the great globe of the
earth; and all their correfpondent parts will
be in a {imilar poifition. And if this terreftrial
globe be turned about its axis, 1t will likewife have
a fimilar motion with the earth itfelf. And fo there
is an exact agreement between the natural pofition.
of the feveral parts of the earth and fea, and their
artificial reprefentation upon the terreftrial globe 5
by which means a great many problems of the.
{phere may be very eafily refolved. I fhall here
lay down fuch as belong properly to the terreftrial
clobe, referring the reft to the celeftial globe, de~
Livered in Sect. 111, of the Aftronomy.

PR OB.-



Set.II. USE OF THE GLOBE, 113
- ' Fig.
PROB: L

To find the latitude and longitude of a given place
spon the globe.

Turn the globe round its axis, till you bring the
place under the brafs meridian, there let it reft.
Then the arch of the meridian, comprehended be-
tween the given place and the equator, is the lati-
tude ; which is north, if it lie towards the north
pole; or fouth, if towards the fouth pele. And
the arch of the equator contained between the firft
meridian and the brafs meridian, is the longitude.

If you would have this longitude in hours, bring
the firlt meridian under the brafs meridian, and fet
the hour index to 12, then turn the globe towards
the weft, till your place come under the brafs meri-
dian ; and then the index will thew the hours corre-
{ponding to the longitude, or the longitude in time.

B.RGE. 1L

To find upon the globe, any place whofe latitude and
longitude is given. |

Reckon the longitude along the equater, and
bring that point of 1t to the brazen meridian; then
count the latitude along the brafs meridian north-
wards or fouthwards, ‘and there you will find the

place required, for either north or fouth latitude.

¥ R-O0:B.. JH.

The latitude of any place being giveny to find all
thofe places that bave the [ame latitude.

Bring the place to the brazen meridian, make
2 marL there; then turn the globe about, and all

1 thole
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Fig.thofe places that pafs under that mark, have the
fame latitude as the place given.

Likewife all thofe places may be found that have
the fame longitude as a given place; for if that
place be brought to the meridian, all thofe places
then lying under the meridian have the fame longi-
tude.

PREGEH, IV,

To find the difference of latitude, and difference of
!afswmda between any two given p&sz:

l-'f:sr the difference of latitude. Bring each of
the places to the brafs meridian, and mark the
points of interfection; then count the degrees of
the meridian contained between thefe marks; and
you have the difference of latitude.

For the difference of longitude. Bring each of
the places to the brafs mer:dmn and marﬁ. the two
points of the equinoftial cut by the meridian;
count the degrees of the equinoctial between the

marks, and that is the diff, longitude. - Or for the
diff. longitude in time ; bring one place to the me-
ridian, and {fet the lmur circle to 123 then bring
the other place to the meridian ; and e number
of hours between 12 and where the hand ftands,
is the diff. longitude in time.

"FPROE" Y
To find the diffance of two places upon the globe.

Apply the quadrant of altitude, or brafs femi-
circle to the globe, to pafs thro’ the two places.
Then the number of degrees between them, count-
ed upon the quadrant or femicircle is the diftance.

Or take the diftance between the two places with

a pair of compaffes, andhapply it to the equator,
and
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and it will fhew how many degrees are contained Figs
in that diftance. _

If you would ktiow the diftance in 'miles, mul-
tiply the degrees by 6o, gives the minutes or geo-
graphical miles.

[ERTLE V.
To redtify the globe.

Set the globe upon a horizontal plane, fo that
the needle may point towards the north, allowing
for the variation. ¢ .

" Raife your elevated pole fo many degrees above
the horizon as is equal to the latitude ; moving the
meridian up and down, till that number of degrees
touches the horizon, there let it reft.: Then the
globe i1s reftified for the latitude.

- Count the degrees of latitude from the equator
towards the elevated pole, and where it ends, is
the zenith. To this point fix the quadrant of alti-
tude, fo as the graduated edge of it may touch
that point. _

Bring the fun’s place in the ecliptic to the me-
ridian, and then fet the hour index to 12 2t noon;
fo the globe is rectified for the fun’s place. And
if your place be brought to the brafs meridian,
then the meridian of the globe will coincide with
the menidian of the place, and the globe will be
in the fame fituation as the earth at noon.

PR O Bs Y.

- Do find bow any given place bears from your place,
upon 4 great circle. | .

Having rectified the globe for your latitude, and
fized the quadrant of alritude in the zenith, by the
}aft Prob. Turn the globe about till your place come
o the brafs meridian, there {top it; then turn the

L of 3 quadrant
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Fig.quadrant of altitude about, till it pafs thro’ the
other place, let it reft there; then count the num-
ber of degrees upon the horizon intercepted be-
tween the brafs meridian and the quadrant of al-
titude, and that will be the angle of pofition.

By this means you may know how all the coun-
tries round about are fituated in refpeét of your
dwelling. And alfo what places bear upon any
point ot the compafs you defire.

PR OB.. VIIL ».

. To find the antzci, perieci, and antipodes to any
given place. _

Bring the given place to the meridian, and find
its latitude ; reckon the fame number of degrees
from the equator to the contrary pole, and where
the reckoning ends is the anteci,

The given place being ftill at the meridian, fet
the hour index to 12 at noon, then turn the globe
about till the index points to 12 at night ; then the
place in the fame parallel which is under the me-
ridian, is the place of the perizci,

The globe having this laft fituation, that place
which is in the oppofite parallel, and under the
meridian, 1s the place of the antipodes.

FoR- 0050 TN,

To find what a clock it is at any given place; when
it 15 noon, or any other bour at your place.

Redify the globe, and bring the place of your
habitation to the brazen meridian, and fet the in-
dex to 12 at noon, if it be noon at your place, or.
elfe to the given hour ; then turn the globe about,
till the given place comes to the brafs merit:li:m-c;i

an
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and then the index Wl].l point to the given hour at Fig:

that place. o R P

The kour of the day being given at your place ; to
find the place or places where it is noon, or any other

bour propofed.

Rectify the globe, and bring your Elace to the
meridian, and then letting it reft, fet the index to
the hour given ; then turn the globe round, till the
index points to 12 at noon, if it is noon at the
other place, or elfe to the hour given at that place ;
‘and then all the places lying under the brafs me-
ridian are thefe required ; or where they reckon that
time of the day.

And thus all thofe places are found, where the
fun is in their meridian at a given h-.::ur, for itis
then 12 a clock there.

PRORB. XI.

The day and bour being given s to find the place of
the carth where the fun is vertical at that time.

Having reétified the globe for your place; get
the fun’s place for that time, and find it in the
ecliptic, and bring it to the brazen meridian, and
mark the place of the meridian with chalk. Then
-turn the globe about till your place comes under
-the menidian, there ftop it,  and fet the index to the
given hour. Then turn the globe about till the
index point to ¥z at noon, there ftop it, and ob-
ferve what place is under the mark on the brazen
: mer;d:an, for that is the place where the fun is yer-
tica

You may obferve, as the globe turns round,
that the fun will be vertical fucccﬂivaly to, all.thefe
: Plafﬂs that hie in' that paraliel,

I E-R O 1
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Fig. _.

-GEOGRARHTY:

P R OB, Xl

To ﬁﬂd all the places where the fun is in the bori-
zon rifing or [esting, at a given bour.

The globe being reftified, bring the fun’s place
in the ecliptic to the brazen meridian, and mark
the place on the meridian.  Turn the globe about
till your place comes under the meridian, then
fet the index to the given hour; then turning the
globe till the index points to 12 at noon; ob-
ferve what place is under the mark. Bring this -
place into the zenith, then all places at the horizon
will be the places where the fun is rifing or fetting,
the rifing being to the weft fide, and the fettmg to
to the eaft.

PR OB XIL

EI"a find what a clock it is by the globe, when the
Jun fhines.

Reétify the globe to the latitude of your place,
and fet itin 2 true pofition by the compafs; then
letting the fun’s light fall upon it, obferve on the

.da-k fide, that point of the equinoétial that fepa-

rates the light from the dark part; reckon how
many times 15 degrees is contamned between that
point and the horizon, and fo many hours it wants
of 12 a elock, if the dark fide is on the weft; or it

i3 fo many hours paft 12, if the dark fide be eaft-
~ward.

PR OB XIV.
To ﬁﬂd in what places it is day, and in what pfdrfs

“might, at a given time.

,. This is done by Prob. XiI. For all thnfe places

that are above the horizon have day, and thofe
“under

& -
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Ty

under it have night. And all thofe places underFig-

the meridian above the horizon have their noon,
and all places under the meridian below the hori-
zon have their midnight.

Otherwife. |

If the {un fhines it may be done thus; re&ify
the globe according to the latitude, and fet it due
north and fouth by the compals. Then bring your
place to the meridian, and in this pofition let the
fun fhine upon it, and it will be day to all the illu-
minated part, and night time to the dark part of
the globe; and fun rife or fun fet, at the circle fe-
parating the light from the dark part.

For the globe is now in a like pofition as the
earth, and therefore it is illuminated in the very
fame manner that the earth itfelf is illuminated.

PR QB XV,
To find the time of fun rifing and [etting.

Rettify the globe according to the latitude, and
bring the {un’s place to the brafs meridian, and
then fet the hour index to 12 at noon. Then turn
the globe about till the fun’s place comes to the
eaftern fide of the horizon 3 then the index will
fhew the time of fun rifing; and if the fun’s
place, by turning the globe, be brought to the
weftern part of the horizon, the index will hew
the time of fun fet.

Hence if the time of fun fet be doubled it gives
-the length of the day. And if the time of fun rife
be doubled it gives the length of the night. |

V4 R O B
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To find the time of day break, or the end of twi-
light, on a given day.

Re&ify the globe to the latitude, and bring the
fun’s place to the brafs merndian ; and fet the hour
index to 12 a clock at noon. Then turn the globe
about towards the eaft, till the {un’s place be 18
deg. below the horizon, or the oppofite point-of
the ecliptic 18 deg. above the horizon, and then it-
is day break, and the index fhews the time. This
diftance of 18 deg. may be meafured with a pair of
compafles opened to that diftance, or by the divi-

fions upon the quadrant of altitude. Again, turn

the globe weftward till the fun’s place in the eclip-
tic be 18 deg. below the horizon, and then the hour
index will fhew the time when twilight ends.

PROB XVIL

To find what ccuntries bave no dark night at any

time propofed,

Bring the {un’s place at the given time to the
brafs meridian, and count his declination upon the
meridian, which 1s always towards the elevated
pole. Then elevate the globe fo, that the height
of the equinactial above the horizon may be equal
to the declination ++ 18 degrees. Then reckon what
height the pole is above the horizon, which will be
the latitude, where twilight begins to be perpetual.
Therefore in all greater latitudes, fuch people as
dwell there, will have no dark night, but twilight.
Or the morning twilight will begin before the even-
ing twilight ends.

PR 0.8,
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PR O B. XVIIL

To find in what latisude the fun begins to fbine con-
fantly without [etting, at a given time of the year.
And alfo at what latitude in the oppofite hemifphere,
be begins to be totally abfent.

Bring the fun’s place in the ecliptic to the brafs
meridian, and count his declination upon the me-
ridian, and that will be the complement of the la-
titude. Therefore reckon the fame number of
degrees from the pole towards the equator, upon
the meridian, and mark the place. Then turn the
globe round, and all the places paffing under this
mark, are thofe in which the fun begins to fhine
conftantly without fetting, for that time. Mark
the oppofite point of the brazen meridian, and
turning the globe round, all the places in that pa-
rallel under the mark are thofe where total darknefs
begins ; for there the fun begins on that day to be
quite abfent, or totally to difappear.

P RO:By XIX,

To find the length of the longeft day or night in any
given place,

Recify the globe to the latitude of the place,
and mark any point in the tropic of cancer for
north latitude, or in the tropic of capricorn for
fouth latitude. Then bring that mark to the eaft
fide of the hotizon, and fet the index of the ho-
rary cirele to 12 a clock at noon. Turn the globe
about till the mark in the tropic comes to the weft-
ern fide of the horizon. Then obferve upon the
hour circle, how many hours the hand or index has
gone thro’ from 12 at noon ; and that is the length
of the longeft day, as allo of the longeft night.

And
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Fig, And this fubtratted from 24, leaves the length of the
fhorteft night or fhorteft day, at the given place.

PR D BIY AN,

The latitude of the place in the frigid zone being

givens to find bow many days the fun foines conflantly
upon it.

Reétify the globe according to the latitudes;
then turn the globe about, and obferve what point
of the firft quadrant of the ecliptic falls upon the
interfeCtion of the horizon and meridian to the
north, fuppofing the place lies north latitude.
Find that point of the ecliptic upon the wooden
horizon ; and againft it ftands the day of the month
when the fun 15 in it. And then the longeft day
begins at that place.

Again, turn the globe about till fome point of the
fecond quadrant of the ecliptic falls upon the north
interfeCtion of the meridian and horizon as before ;
obferve what point of the ecliptic that is, and
find it on the wooden horizon, and againft it itands
the day of the month when the fun is there. And
at that time the longeft day at that place ends.

Then count the number of natural days contain-
ed between the beginning and ending of this long-
eft day ; and you will have the length of it. And
the day firft found is the day of his appearance;
and the latter, the day of his departure. And the
number of natural days in the longeft night is the
fame; and begins and ends at the {ame diftance
from the winter folftice, as the day does from the

fummer one.
Otherwife thus.

The globe being elevated according to the lati-
tude, bring the foliticial point to the north part of
the meridian. Then reckon the complement of

' | the
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the latitude from each fide of the equator upon the Fig.
meridian, and mark the places where the reckoning
ends. Then turn the globe carefuily about, and
obferve what two degrees of the ecliptic comes un-
der the northern mark ; then the intercepted arch
of the ecliptic, reduced to time, gives the num-
ber of days that the fun conftantly fhines, or re-
mains above the horizon of the place ; which is
the length of the longeft day there. And the op-
pofite arch equal to 1t, gives the number of days
“he is abfent, or the length of the night. Or ob-
ferving the points of the ecliptic paffiing under the
fouthern mark, the contained arch reduced to time,
gives the length of the night. .
The elevation of the pole continuing the fame,

obferve the two degrees of the ecliptic that come
“under the north mark, and find them on the wood-
‘en horizon, and you will have the days that the fun
is in thefe points, which days are thofe of the firft
-and laft appearance of the fun. And if the points
of the ecliptic, that come under the fouth mark,
be abferved, you will find on the wooden horizon
the correfpondent days when the long night be-
‘gins and ends in that place. ;S

CECT.
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The Theory of INavigation, Spherical,
and Spheroidical.  With the Solution
Jome uncommon Cafes. The ac-

tual Solution in Numbers, of the
commaon Cafes of Sailing, by the Sphe-
roid 5 and likewife of thefe in parallel
Sailing,  Rules  for corretting a

Reckoning. Of taking Altitudes.
AVING formerly writ a practical book of

Navigation, calculated entirely for the ufe
of fuch as frequent the fea, I {hall here only ex-
tralt from it, fo much of the theory as is proper
for a courfe of mathematics. To which I fhall
add fome things that were omitted there, or but
flightly touched, as being lefs neceffary for failors ;
but ferve for compleatmg the theory. But as to
the pratical part, which is the moft neceflary
thing for feamen, I fhall meddle very little with
it here, Yet if any perfon wants farther fatisfac-
tion in that point, he may confult the other book
at his leifure.

DEYF PNET 10O B s

D E AL

Navigation-is the art of computing 2 fhip’s way,
and guiding her thro’ the fea, in failing from one
place to another,

DEE



Se&.lll. NAVIGATION,. 125

Fig,.
D EF. 1L
Difference of latitude of two places, is an arch
of the meridian contained between two parallels
paffing thro’ thefe places.

DE E. Il

Difference of longitude, is an arch of the equa-
tor contained between the meridians of any two
places.

Dk K, 1V,

Meridional diftance, is the diftance in the parallel
of the place you are in, from the meridian of the
place you came from.

D Er BN

Rumb, is the line or way a fhip defcribes while
fhe fails upon any one point of the compafs, and
cuts all the meridians at the fame angle.

DEF. VL

Courfe, is the angle which the rumb or fhip’s way
makes with the meridian.

D EF. ..V,

Departure, is the whole eafting or wefting a fhip
continually makes, in any fingle courfe,

D BB V1

Plain failing, is the art of computing a fhip’s
way by plain trigonometry, in regard to her dif-
~ ference of latitude and departure. '

D.E FE. : IX,

Middle latitude failing, is a method of compu-
ting the place of a thip as to longitude, by help of
the middle latitude, which is the latitude lying in

the
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Fig.the middle way between the two places of the

fhip. :
' SRAL e 8 ie e
Meredtor's or Wright's [ailing, is the metliod of

computing a fhip’s place as to longitude, by help
of a table of meridional parts, -

Inftruments ufed in Navigation.

t. Charts. Thefe are maps of the fea and fea
coafts, and are generally conitructed by Mercator’s
projecticn, where ‘the meridians are all parallel,
and the degrees of longitude equal in all latitudes,
anid the degrees of the meridian incréafe towards
the poles, in the ratio of the cof. latitudé to the
radius. Thefe forts of charts are fitteft for the
{ailors ufe. -

3. The Compafs. This is divided into 32 points
or rumbs ; by this the fhip is fteered, upon any
courfe. For the needle always points to the
north, except fo far as it deviates by the veriation,
which is the difference between the true and the
magnetical meridian, -eaft or weft. An aZimuth
cempafs has befides, an index with @ thread and
two fights, and is moveable about the center. Its
ufe is, to take the azimuth of the fun or a ftar.

3. The Log line; which is a' cord divided into.
feveral parts called knots; and the end is faftened
to the log. Its ufe 1s to meafure the fhip’s mo-
tion, and is heaved into the fea every two hours;
and the length run off, is known by a half minute
glafs. For fo many knots as are run off; fo many
miles the fhip fails an hour.

4. The Sea quadrant, commonly called Davis’s
quadrant. ‘This 1s an inftrumeént to take the fun’s
altitude. |

5. Hadley’s quadrant, another inftrument for ta-

king
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king the altitude of the fun or a ftar; and is the beft Fig.
inftrument for that purpofe.

6. The Crofs faff or fore ffaff, this is allo ufed
for taking altitudes.

7. The Lead, this is faftened to aline divided into
fathoms, and is ufed for founding the depth of

the fea.
P RO T "L

In plain failing, that is, where no longitude is con-
cerned 5 as radius . to the diffance vun : : fo the fine
of the eourfe : to the departure. |

- Let P be the pole, HL. the equinoétial, A the 13.
place of a fhip, PAH a merndian paffing thro it,
ADFQ the rumb or way of the fhip. Divide the
meridian AP into an infinite number of equal parts,
at k, y, ¥, &c. and thro’ thefe points draw the
parallels of latitude B, yC, xD, &c. to cut the
rumb in B, C, D, &c. thro’ which points draw
the meridians PB, PC, PD, &c. cutting the equi-
noftial in ¢, [, r, &c. By thefeveral interfections
of the parallels and meridians, and the rumb,
there will be made an infinite number of {mall ele-
mentary triangles ABk, BCp, CDyg, &c. all equal
and fimilar. For all the fides A%, Bp, Cg, &c.
are equal by conftrution, for Bp = ky, and Cg
= yx, &c. and the angles 2AB, pBC, gCD, &c.
are equal by Def. V. therefore {Geom. il. 7.) all
the parts of the rumb, AB, BC, CD, &c. are
equal, and alfo the fides £B, pC, gD, &c. Now
in any one of thefe triangles AB%, it will be, by
plain trigonometry, as rad : f £AB:: AB: B
:: BC:pC ::CD : gD, &c. and by compofition,
vad : {. #kAB:: AB 4 BC 4 CD, &c. : #B +
?C + gD, &c. But when the thip arrives at F,
AB 4 BC 4 CD, &c. = AF the.diftance run;
and £B 4 pC + gD, &c. is the departure .bjlg
Def.
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Fig. Def. VII. Therefore it is, rad : . 2AB : : diftance

13. run : departure. And alternately rad : diftance
run : : { courfe (kAB by Def. V1.) : departure.

Cor. 1. As radius : difance run : : cof. courfe : diff.
latitude.

Forvad : LABA::AB: Ak::BC:Bp:: LD
Cg, &c. : : (by compolfition) AB 4 BC + CD, &c.
: Ak 4+ Bp 4 Cg, &c. or Ak + by + yx, &c.
But when the fhip comes to F, AB + BC 4 CD,
&c. = AF the diftance run, and Ak + &y 4 yx,
&c. = AR the difference of latitude. Therefore
rad : {. kBA or cof. courlfe: : diftance run AFK : dif.
lat. AR. Or alternately, rad: diftance run AF : :
cof. courfe : dit. lat. AR :

Cor. 2. ds rad : diff. latitude: : tan. courfe: depar-
ture. |

For by this Prop. rad : diftanceé: : {{ courfe : de-
parture : : (Cor. 1.) cof. courfe : dif. latitude. And
alternately, dif’ latitude : departure: : cof. courfe:
{. courle : : (trigonometry) rad : tan. courfe.

Cor. 3. Hence, if a fbip moves uniformly along its
rumb line, it approaches the pole uniformly.
- For if all the lines AB, BC, CD, are equal ;
then all the lines Ak, %y, yx are equal, and defcri-
bed in equal times. And hence appears the ab-
furdity of what fome people affert, that the rumb
can never reach the pole. For if this was true, .
then a thip keeping always in the rumb, could ne-
ver reach the pole, tho’ the approaches it uniform-
ly. Which is a direct abfurdity.

Cor. 4. Ij two fbips fail from A at once, one along
the meridian AP, with velocity AR , the other in the
rumb AF, with velocity AB 5 they will both meet i
the pole at once. | -

It cannot be denied, that the firft fhip will get

to
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to the pole in a finite time, which is eafily deter- Fig.
mined from the velocity along AP. And in every 13.
point of time, they will be both in the fame paral-

lel of latitude. Thus they will be at K and B, at

y andC, at x and D, at R and F, at once. And
therefore when the firft fhip is at P, the fecond
cannot be fuppofed to be fhort of it without an ab-
furdity. And it is the fame thing if you take two
points inftead of the two fhips.

Cor. 5. As cof. courfe : radius : : fo length of the
meridian AP : to the whole length of the [piral AQP.

Cora 6. Hence, the diftance run, the difference of
latitude: and the departure being laid out in right
lines 3 they will form a true right angled plain trian-

le. .

4 For make RA = RA (fig. 13.) and angle RAF 14,
= RAF. Then fuppofe therumb AF to be unbent,
or drawn back into a ftraight line, and laid upon
AF (fig. 14). The points B, C, D, will fall upon B,
C, D, and the lines £B, pC, gD, upon £B, pC, gD,
in the two figures; becaufe the anglesat B, C, D,
being equal ; the lines Bk, Cp, Dg, are all paral-
lel to FR. And therefore the perpendicular RF
being equal to all the lines £B, pC, gD, &c. will
be equal to the departure.. And [o thefe three
lines make the right angled triangle ARF.

Cor. ». Hence, the fquare of the diftance run, is
equal 1o the fum of the [quares of the departure and
difference of latitude.

Cor. 8. This Prop. and Corollaries will refolve all
the cafes of plane [ailing, being thofe where no longi-
tude is concerned.

There are fix cafes of plane failing, and they
are all folved by working thefe proportions for-
ward or backward, according to the different dara.
| K ScH oL
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SCHOLIU M.

Having made fome remarks, in my book of
Navigation, on the nature of plane failing; I fhall
here confider it more particularly. And I fay,

1. That menidional diftance, departure, and dif-
ference of longitude, are all effentially different.
Let a thip fail from A toF; when fhe comes at
F, fhe will have made the meridional diftance RF,
and departure 4B 4 pC 4- gD, &c. and difference
of longitude HL.. Now the meridional diftance
RF or Rm + mn + no, &ec. is lefs than the depar-
ture kP 4+ pC + ¢D, &c. and this departure is
lefs than the longitude HL or H# 4 #5 + 37, &c.
All this is plain from the converging of the meridi-
ans towards the pole. Again, if a thip fails from
F to A; fhe makes the meridional diftance Az,
which is greater than the former RF; and is like-
wife greater than the departure ZB + pC + gD,
&c. but lefs ftill than the difference of longitude.
Here then in the fame courfe back and forward,
the departure and difference of longitude continue
the fame, but the meridional diftance is different,
being lefs towards the pole, and greater towards
the equinottial.

2. If a plain chart be conftructed, fo that the
meridians be parallel to one another, and the de-
grees of latitude every where equal, and alfo equal
to the degrees of longitude at the equator ; then if
the way of a fhip be laid down upon fuch a chart,
according to the courfe and diftance, the depar-
ture and difference of latitude will be truly found,
as to their magnitude ; but the place of the fhip
will have a wrong fituation in refpeét of the me-
ridians, by reafon of the parallelifm of the meridi-
ans, that ought to converge to the pole. And
hence any traverfe or compound courfe laid down
upon fuch a-chart will give all the places of the thip

in
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in a wrong fituation, in refpe¢t of the meridians ; Fig.
and confequently in refpelt to one another. For 14,
that reafon the plane chart is erroncous, except in
places near the equator, where the meridians are
nearly parallel. Yet in a {mall compafs, as ina
day’s run, the error will not be fenfible in any la-
titude. For in fo fmall a compafs, the meridians
continue parallel as to fenfe ; and therefore a traverfe
may be wrought exaét enough for the length of 24
hours, as is the common practice. But the error

of the plane chart does not affect the prefent pro-
pofition, for this will give the departure truly, for
any courfe tho’ never fo long.

3. Hence it follows, that the triangle ARF in 14.
this chart will be fuch, that if AR be the true dif-
ference of latitude, AF will be the true diftance
(ADF) upon the globe, RAF the true courfe (kAB,)
and RF the true departure; and therefore this
conftruction is true, and gives us a true way of
failing. It is no objeltion to fay, that it does not
give the longitude truly, for that is inconfiftent
with its nature. A man may as well fay that Mer-
cator’s projetion is falfe, becaufe it does not give
the diftance or difference of latitude truly. For
by its nature and conftruction it is only to give the
longitude truly. In fhort, both conftructions are
true, according to their feveral natures. Plain fail-
ing is true fo far as courfe, diftance, difference of
latitude and departure are concerned; and Mer-
cator’s is true fo far as the longitude is concerned ;
but one of them cannot anfwer for the other.

4. What has been faid relates to a fingle courfe 13.
as ADF, whofe angle of the courfe is 2AB. But
inftead of failing diretly from A to F, if a fhip
thould fail to R and then to F; the departure a-
long AR would be nothing ; and along RF, would
be equal to RF; for in any parallel the diftance
and departure: are the fame., And confequently

: K 2 the



132

Fig,
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the departure in thefe two courfes, is lefs than in
the fingle courfe AF. Likewife a fhip failing back
from F to A, will make the fame departure as
from A to F; and from F to R and A, the fame
as from A to R and F. But if fhe fails from F to
z, and then to A, fhe makes no departure along
Fz; and from z to A, fhe makes the departure
zA, which is greater than from F to A. Therefore
a fhip running upon feveral courfes, makes a lefs
departure when nearer the pole, and a greater
when nearer the equinoc¢tial, than in a direct courfe
to the fame place. But in fmall diftances, as a day’s
run, the difference will be infenfible.

5. Since the departure in the courfe AF, is
greater than the meridional diftance RF, and lef-
fer than Afz,; it will be very near a mean between
them; and therefore the departure will be very
near the meridional diftance xw, lying in the mid-
dle latitude between A and F.

6. The departure in fome of the cafes, is the
moft proper and natural medium, for finding the
longitude. And therefore I cannot but be furpri-
fed at thofe authors that exclude it from the prac-
tice of navigation, at the fame time they are fors
ced to make ufe of it, or what is equivalent to it,
for the fame purpofe. For inftead of RF, they

do not fcruple to take the . J/AF:—AR?, as if that

was not the fame thing ; when it might eafily be
had by a fimple proportion in this propofition.
And they are fometimes forced to ufe the enlarged
diftance upon Mercator’s chart; a line which there
is no manner of occafion for, but for fuch a fhift,
by which means, they give us the moft clumfy fo-
lutions imaginable. Such is the unaccountable
prejudice of fome people. But further,

7. 1{ay, this Prop. 1s true, notonly in the fphere,
but in the fpheroid, or on the furface of any folid,
generated by revolving round an axis, and even up-

0
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on a plane or cylindric furface. For fince all theEig.
angles #AB, pBC, ¢CD, &c. are equal, by the na- 3.
ture of the rumb ; the elementary triangles are all
fimilar and equal ; and therefore the fame conclu-
fions will follow as before, viz. that rad : diftance run
: : {. courfe : departure : : cof. courfe : diff. latitude,
And rad : diff. latitude : : tan. courfe : departure,
whatever fort of a folid it is. And the diftance,
diff. latitude, and departure will make a right an-

led triangle as before. So far is this Prop. from
being falfe, that it is univerfally true, whatever
fort of a line the meridian is ; and therefore it can
never lead into any error. I {hall only add, that
in a fingle day’s run, where the latitude is little va-
ried, the (fum or difference) of all the depar-
tures made by different courfes, in that time, will
be the fame as the fingle departure, made between
the firft and laft place of the fhip; which will
come to the fame as the meridional diftance, for
that latitude. And this is the very pratice of all
feamen ; to find the eaftings and weftings for every
{eparate courfe, and then take the total amount
(that is the fum or difference) for the departure.
A method {fo ealy, natural, and expeditious, that
it is impofiible to invent any thing that can in this
refpect exceed it; and therefore the Navigator need
make no fcruple of continuing his practice. Ard
{fo much for plane failing, |

PR O B, 11

In parallel or eaft and weft failing 5 cof. latitude :
ragius : : diffance of two places in any parallel : dif-
ference of longitude.

Let RF be the diftance in that parallel, then |
HL will be the difference of longitude. The co- &
fine of latitude is the radius of the parallel, and

K 3 the
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Fig. the radius of the equinotial is the radius of the

13. fphere ; and the radii of all circles are as any fi-
milar parts of the circumferences, as a degree, &c.
Therefore cof. latitude at R : radius - - diftance
RE : difiance EL. on the equinoftial, which is the
difference of longitude. This has likewife been
demonitrated in Prop. 15, Seé. I.

Cor. 1. The length of a degree in any parallel, is
as the cofine of latitude.

Cor, 2. This Prop. will folve all the cafes of pa-
rallel failing, which are 35 by Working the proportios
backwards or forwards, as occafion requires.

P R.Q-R: HI.

By middle latitude failing, as cof. ﬁédd!e latitude :
radius : : departure : difference of longitude.

Suppofe a fhip fails from A to F, making the
difference of longitude HL. Then fince the de-
parture kB + pC + ¢D, &c. 'is greater than the
meridional diftance RF, and lefs than the meridion-
al diftance Az; and if » be taken in the middle
between A and R, then xw, which is a mean be-
tween RE and Az, is nearly equal to the departure,

or the fum of the lines £B 4 pC + gD, &c. there-
fore if xw be taken for the departure ; then by the
laft Prop. it 1s, as cof. of the lat: of « : radius : :
{fo1s ww : HL. ~“Thatis, as cof. middle latitude :
radius : : departure : difference of. longitude.

Cor. 1. As cof middle latitude : f. courfe : : dif-
tence run : difference of longitude. _

For cof. middle lat. : rad : : departure : dif. long.
and (Pr. L) rad : dift. : : £ courfe : departure.
Therefore cof. mid. lat. : dift. : : f, courfe : dif. long.

Cor.
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Cor. 2. Cyfine of middle latitude : tan. courfe - : 3.

difference of latitude : difference of longitude.
For cof. mid. lat. : rad : : departure : dif. longi-
tude, and (Cor. 2. I.) rad : dif. latirude : : tan,

courfe : departure.
Therefore,

Cof. mid. lat. : dif. lat. : : tan. courfe : dif. long.

Cor. 3. This Prop. and Corollaries will refolve all
the cafes of failing, where the longitude is concerned,
and very near the truth, if the courfe be not too lopg.

ScHOLIU M.

This method of failing is very thort and eafy,
and alfo very exact in fhort courfes; and does not
differ much in long courfes, and therefore is a ve-
ry ufeful approximation. And ]I believe I fhall ne-
ver live to {ee a fhip fail to that exaétnefs, and this
Prop. can determine it. And-as this method is fo
eafy, and performed without any other tables than
the common ones; it is ftrange that any perfon
fhould condemn or depreciate it. Nothing will go
down with fuch people, but rules formed to the
utmoft accuracy, as if any fhip could fail by fuch
rules, Sailing or Euiding a fhip at fea, is but a
mechanical art, and cannot be executed to any
great degree of exaltnefs. And therefore it is
needlefs to infift upon rules made to the utmoft
geometrical rigour ; and the diyficulty that attends
the computation of a fhip’s way by fuch rules, is
{ufficient to caufe them to be laid afide, when ealier
will do as well. But when navigation is fo far im-
proved, as that a fhip can fail to any degree of ex-
actnefs, it will be time then to feek out fuch rules
as are perfect and accurate, and adequate to that
opdst

K 4 PROF
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P RO TV

The length of a minute on ths [phere : is to the
length of a minute on the meridian of Mercator’s chart,
for any latitude - : as the cof. of latitude : to radius.

For fince the rumb cuts all the meridians at the
{fame angle, in order to have the rumb a right line,
all the meridians muft be parallel; whence every
cofine will become equal to the radius. Therefore
every particle on the {fphere, muft be increafed pro-
portionally, that is, as the cofine of the latitude of
that point, is to the radius. Therefore fince the
radius of the parallel s made equal to the radius
of the fphere, a minute on the globe muft alfo
be increafed in that proportion. And therefore as

cof.lat: rad:: fo a minute on the globe, to a minute,
in the meridian line.

Cor. 1. From hence, by the method of fluxions,
may be calculated the length of the meridian line in the
chart, or the meridional parts for any latitude.

Let AC be the radius of the equinoétial, AB
the latitude, draw BD, CG perp. to AC, and BE
parallel toit, and let B4 be a minute ; draw d# paral-
lel to BD. And put CA = # arch AB =,
DB =y, BE = &, and z = length of the meri-
dian line for the lat. AB. The triangles BDC and
B#nb are fimilar ; whence CD (%) : CB (r):: 2% :

‘Bs = J_x bn. And by this Prop. BE (x) : AC

X

(r) : : B (% ;{‘5;; ) : a minute of the meridian

line in the chart = -:;;; X bn. Now, if for thefe

fmall lines we put the fluxions, we fhall have
o =
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- 38 - _r_r_}.r ="V __. and the fluent is z :Fig.
xx rr — 9y - 15.
2.302585r % Lﬂg. £ +y-
2 r—y

Cor. 2. Thereforez = 2.302585r Xinto log.: co-
tangent of half the complement of the latitude —
log. : radius (10).
2.302

For =z = r+j:

ralop, :
2 r—2Jy

log:: ./ £y ; . But (by Schol. Prop. II. Trigon.)
7 J P+ J — cot. farch, that y is the cofine of
= cuf. ;.BJE} = cotang, half the complement of the
cotan. ~com. lat.

r

2.302r X

latitude. WhenceZ=2.302rxlog.

Cor. 3. Since the meridional parts are expreffed in
rad.

tan. 5co. lat.

= 9915.705, and

minutes, we fhall bave 2 = 7915.7 X log.

For 2:30258 X 180 X 60

; 13-14-1 59
cot. 3 comp. lat. _ 7 , by trigono-
r tan. 3 com. lat,

metry. -
PR -OvPie W

In Mercator’s [ailing, as proper difference of lati-
tude : to meridional difference of latitude : : fo the de-
parture = to the difference of longitude.

Let A, F be two places on the globe, ADF the 13.
rumb leading from one to the other. And if the
difference of latitude AR be divided into an infi-
nite number of equal parts, and the parallels of
latitude drawn thro’ the points of divifion; there

will
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Fig. will be formed an infinite number of triangles #AB,

13. pBC, gCD, &c. which have been proved (Prop. 1.)
to be f{imilar and equal.  And upon Mercator’s
chart, thefe triangles will be projeéted into others
fimilar to them. For by the laft Prop. A% will be
to its length on the chart, as cof. HA to radius.
And fince the radius of the parallel at A, is in-
creafed to the radius of the {phere; any part of
the circumference will be increafed in the fame
proportion ; therefore £B, will be to its length on
the chart, as cof. HA or H# to radius. And
therefore the triangle ¥AB will be {imilar to its pro-
jection on the chart; and all the triangles on the
globe will be {imilar to thofe on the chart. And
therefore it will be as A% to £B, fo the fum of all
the fides A%, Bp, Cg, &c. to the fum of all the -
fides £B, pC, gD, &c. upon the globe; and fo
is the fum of all the fides Ak, Bp, Cg, &c. to the
fum of all the fides £B, pC, gD, &c. on the chart.
But the fum of A%, Bp, Cg, &c. on the globe is
the proper difference of latitude. And the fum of
kB, pC, gD, &c. is the departure. Alfo the {um
of Ak, Bp, Cg, &c. onthe chart, is the meridion-
al difference of lautude ; laftly, the fum of B,
2C, gD, &c. on the chart is the difference of lon-
gitude, fince any one kB is projeéted into its dif,
longitude. Whence this proportion follows, as
proper difference of latitude : departure : : {o me-
ridienal difference of latitude : to difference of lon-
gitude, of the places A and F.

Cor. 1. As radius : to tangent of the courfe : : fo
meridional differcnce of latitude: to difference of lon-
gitude. .

For (Cor. 2. Prop. 1.) rad : tan. courfe : : diff.

latitude : : to the departure : : (by this) meridional -
diff. latitude : ¢iff. longitude.

Cor.



Sed.ll. NAVIGATION. 139

Cor. 2. As the number, 09012633 ta the tan-Fig:
gent of the courfe = : [o the diff. of log : tangents of 13.
balf the complements of the latitudes : to the difference
of longitude. .

For (Prop. IV. Cor. 3.) the mer. parts for one

. rad.
: 3 d the
lat. L is 7915 X log tan. = co. lat. LL s

mer. parts for the other lat. /is 7915 X log. :
. rad. . Therefore the meridional dif.
gan: - cO. lat. £
latitude = 7915 X diff. log. tangents of half the
complements of the latitudes L and /; put this =
2915 X D. Then we have (by Cor. 1.) rad: tan.
courfe : : 7915 D : diff, longitude, And dividing

by 7915, tae, : tan, courfe: : D: diff. longitude,
7915
but BB =1 — .00012633.
79157

Cor. 3. . As in plain failing, the rumb, the diffe- 17.
rvence of latitude, and departure make a right angled
triangle ; [o in the chart, the rumb, the meridional
difference of latitude, and difference of longitude, alfo
make a right angled triangle, fimilar to the former.

T ous, in the triangle ADE, if AB is the diff. lat.

BC the departure, AC the diftance. Then AD is the
mer. dif. lat. DE the diff. longitude.

Cor. 4. This Prop. and Cor. 1. will refolve all the
cafes of Mercator’s failing, or where the longitude is
concerned, with the belp of atable of meridional parts.

- For by the table of meridional parts, the me-
ridional difference of latitude is had, which is only
the difference of the meridional parts belonging

to the two latitudes. - And that table is conftrucs
ted by Cor. 3. Prop. IV,

Cor.
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Fig. . Cor. 5. By Cor. 3. and Prop. 1. all the cafes of
Jailing may alfo be refolved,

ScHOL I UM

3. Altho’ all the cafes of failing may be folved by
help of Mercator’s chart, yet this chart is not a
true reprefentation of the earth. For though eve-
ry fingle particle, or elementary triangle on the
chart is fimilar to its correfpondent part on the
fphere, yet the whole 1s not {imilar to the whole;
tor the parts of the chart being bigger than thofe
in the fphere, yec they do not increafe in the fame
proportion ; being nearly equal at the equator, and
infinitely greater at the poles; and at the interme-
diate places, in all imaginable proportions. So
that the whole cannot be f[imilar to the whole, but’
very much diftorted. Nor is it poffible that any
projection upon a plain can be fimilar to a curve
furface, fuch as a {phere or a fpheroid.

The actual folution of the feveral cafes of fail-
ing are eafily drawn from the foregoing propofi-
tions, and I fhall not trouble the reader with them
here, but refer him to the book of Navigation.
But the three following problems, not being com-
mon, I fhall here give their folutions.

P RO P NI Prob.

One latitude, departure, and difference of longitude
being given s to find the other latitude.

By Prop. III. fay,
As diff. lengitude :
to departure - :
So radius :
to cofine of middle latitude.
The difference between the middle latitude and
the given latitude, added to, or fubtraéted from,
the
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the middle latitude, as the cafe requires, gives theFig.
other latitude. ¥3-
If this latitude found, be not thought exact
enough, it may be corretted by Mercator. For
the latitude found muft be fuch, that the proper
diff. latitude, may be to the meridional diff. lati-
tude; in the given ratio of the departure to the
difference of longitude; and is eafily found in a
few trials. Or it may be found after two trials by
the rule of falfe.

P R.OP.LVIL- i Prob.

One latitude, diffance, and difference of longitude
being given 5 1o find the otber latitude,

1. Affume any angle for the courfe, as near as
you can guefs, by the circumitances of the quef-
tion. From this, find the difference of latitude,
by Cor. 1. Prop. I. making,

As radius :

to the diftance : :

So the cofine of the courfe :
to the diff. latitude.

2. Both latitudes being had, find the longitude
by Cor. 1. Prop. V. thus,

As radius : '

to the tangent of the courfe: :
8o the mer. diff. latitude .

to difference of longitude.

3. If the longitude found, differs from the lon-
gitude given, as it generally will; corre&t the
courfe, by making 1t greater or lefs as there is
occafion ; then find the latitude, and then the lon-
gitude again. Repeat the operation till the lon-
gitude agrees with that given. But when you
come hear the matter, you may find the courfe
truly from two trials, by the rule of falfe.

Or
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Or thus,

1. Say as rad : cof. given latitude : : diff. longi-
tude : to the departure.

2. Find the fum and difference of the departure
and diftance ; take the logarithms of the fum
and difference, and add them together ; half
the fum of thefe logarithms is the log : of the
diff. of latitude. Then find the other latitude.
Again (by Prop. V.)

3. Say, as meridional diff. latitude : proper diff.
latitude : : diff. longitude : departure, more ex-
act.

Repeat the 2d and 3d articles over and over, al-
ways with the laft departure and diff. latitude;
till at laft you get the {fame diff. latitude twice; -
and this is the true diff. of latitude, whence you
will get the other latitude exact.

PR O B Vil Prop,

The courfe, departure, and difference of longitude,
being given 5 to find both latitudes.

Find the diffi latitude by Cor. 2. Prop. I. and
the meridional diff, latitude by Cor. 1. Prop. V.
thus,

As tan. courfe :

to radius : :

So the departure :

to the difference of latitude.
And f{o the diff. longitude :

to the meridional diff. latitude.

The difference of latitude being had in degreeg
and minutes, feek in the table of meridional parts,
for two latitudes, fuch as may exceed one another by
that difference ; and that fubtratting the meridional
parts of one from the other, the remainder may be-

equal
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equal to the meridional diff. latitude before found : Fig.
which is eafily done in a few trials. And thefe are
the two latitudes. |

If inftead of the departure, the diftance or diff.
latitude be given; the folution is the fame, after
the diff. latitude is known.

BR O, 1X.

Let ABP be a quadrant of the {phere, AHF a 16.
quadrant of an ellipfis reprefenting the fpheroi-
dical figure of the earth, AC the equinottial ; P,
F, the poles; BE, HI, parallels of latitude of the
places B, H; BD, HL perpendiculars upon
B Sandpur A=, FL e Al 7, LH
=% Clior Bl =&, rr— aa = dd; s;ves 4 f =
fine, cofine, tangent, fecant of the latitude of any
place B or H, radius = 1. Then,

The radius of a parallel in the [phere BE : is to the
gadins of the parallel, baving the fame latitude, in ths

Jpberoid, HI1 : : as ~/: LR :
rr

If two places upon the {phere and {pheroid B and
H, have the {fame latitude ; then the tangents at B
and H will be parallel ; for they muft point to the
fame ftar. And the ordinate ILH in the {pheroid,
will be nearer the equinottial A, than the ordinate
BD in the fphere. For by the conic fetions, if
both tangents be drawn from points in the fame
line BD or LH, they will meet in fome point of
the axis CA. And confequently, that they may
be parallel, the point H muft be nearer A.

Suppofe the tangents from H and B to meet the
axis CA, in T and §; then the triangles CBED,
DBS, LHT will be fimilar, And by nature of

the ellipfis LH ory = ;Mﬁ::;;, and DB = s,
BE
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Flg BE — cr. AlfuCT_i, andLT.._#-_m

Whence by fimilar trlangles, BE or CD {fr) DB
(sr)::DB:DS:: LH ( r‘./——”‘—-‘*ﬂ) . LT

rr — X% —_—
( 1t ax i ry/rr—xx. Whence sgx — r
1"# — xx%, ANnd $SaaxX = ccrt = ccrrxx.  ‘There-
crr :
fore x = = HI. Therefore BE :
ccry -+ aass
crr
HI : :ere 2 SRSLOrY
: 248 aass 1 r::
V cerr -+ aass v T

T — Tr5S  @ass Lt 1l /Srr — ddss -

Jl_ffiﬂ

3

Cor. 1. Hence HI = BE}( 14 g pﬂfﬂj}g =

g = ad . And therefore the radii of the parallels for

rr

the [pberoid are eafily calculated.

ForHIl = BE’ — _BE S

Vi—gss  1=—igss T DRK et

nearl}n
crr % e

Viaa + ddcc o 'V/rr—]-aaf:

crr e oy

Cor. 2. Hl or x —

For x =

—— »
v ccrr =~ aass v €«rr 4 aa — gace

becaufe ss = 1 ==¢r. Alfo # — i, whence ¥ —
> =

crr e L rr
v/ p— .\/ e fefy — e
CCrr =+ aass S Lr e 1/ rr = aati
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Cor. 3. oY1 or ¥y = gat - Fl_g.
Vrr + aatt 10.
Fcr_}:yzm—.ﬂ_‘zxxx:m—ffx 7!
rr 7 R T
aarr o a*lt

— aa —

rr - aait rr -+ aalt

¥e
- N i — 1
COI', 4 HI g x : ig_u‘ — e X 1 + ?gj_g,

ry — aa
wearlys Where § = ——— =—.

rre rre

For x =

Virree + aass  Vrr — rrss 4 aass
re e

VI —gqss 1 agss
the two firft terms of the feries.

Cor. 5. In the Jame latitude B and H, DB :is 4
IH:: asr /rr—ddss : to aa.

For DB =rs, and LH = = /575, where

= 7¢X I + +gss, taking

cer+
CCry <+ aass

X =

P RAUE, DX,

The fame things fuppofed as in the laft Prop. The
length of a minute on the [pheroid at H : is to the
length of a minute on the chart for that latitude : :
as the radius of the parallel H1 : to the radius of the

equinotiial AC,

For fince the meridians in the chart, are all pa-
rallel, the radii of all the parallels become equal to
the radius of the equator; and every particle on

the fphere being projected into a fimilar figure Ein
L the
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Fig. the chart, it is increafed every way in that propor-
16, tion. Therefore HI: AC : : asa minute at H:
to a minute on the chart.

Cor. 1. Hence a minute on the [pheroid : is to its

projedtion on the chart :: 1 : J 14 2
r
rr

i e, iak s,
Virr + aatt

For it will be as x or

ety
as 7 to /¥r -+ aatl, or as 1.t0 s

Cor. 2. A minute on the [pheroid : is to a minute

on the chart ; : ?T:IIJI -+ d—drr.
aa

For it is as ¥ to r, or as e to r, that
V'aa + ddcc
1s, as ¢r to \/aa <+ ddce.
PaR, Q. P XL

The fame things [uppofed asin Prop. 1X 5 the length

of a minute on the [phere 5 is to the length of a mi-
3

on the [pheroid at H :: as rra: to aa + - |
aa

Thefe lengths are as the radii of curvature ; and
this radius in the fphere is », and in the {pheroid is

aabl + 44"y  — 4oV
rm,u—l—.:zja; 420V’ (by Prob. 5. ex. 2. Se&. 1I.

Fluxions), and putting 27 for @, and 222 for & the
: : ¥

|z
rr—ag |

latus rectum, it is reduced to %4 T Sl
ar

There-
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Therefore a minute in the circle : a minute in the Fig.

i 16;
ellipfis: : 7: gl

ar

tarr: aa + - ,J’l

Cor. 1. A minute on the fpkere : is to a minute on

3
the [pheroid at H @ : as a x 1 + ﬁ:ﬂ If:mr.
C g e’
Foryy —aa — %% yx — 4z — %% gy
rr yr  aa - ddce

rraacc  _ a* - aaddcc — rraacc __
aa + ddee aa 4 ddcc

OA =TT —= dd.cC aq — dacc aass

', : ﬂ‘l r— -
I + i—dff I+d——ff ]-[-fr:
i i daa

dd ddss 4d
‘Eﬂ e P g ﬂfd . Alﬁ) 243 + T J}}I = 8 +
ddss dd, dds
§iTa Egre=s L ;:, o I:(becauferr—[-ﬂ:l.}

14—t I 4 — cc
aa aaq

aa ~+ dd § X e dd |%

= nd arr: aa + = 4
i+ i‘frf I+ J_d-:'f }’_}’

el aed
73 dd 3
arr : m——— pair o 4 x I + —_— el
: 1+ i‘d_n’ o
qda

— 4a

Cet. 2. JF XK :'i/ff, Wen. ¢ = ;_‘:I L

rr d
he cofine of the latitude, where a minute of the meridian
of the [pheroid, is rqﬂm’ to a minute of the equinofiial.

L : Wt
Forthen1+ s —=—sand 1 4+ 0 =
an i m:z
rr dd rr
w,andl-i-—-—cc._.«/ “K,and_-:r:

a4 aa [

Lz Ko



143 NAVIGATION.

Fig. o z

1. dd

Cor. 3. If v and V be the length of the meridian
of the J@bere and J@bfrmd at the [ame latitude, ¢ =

G ThenV = T3y — IS, obene S is the

aa e a
Jine of twice the latitude.
h dd o e A
For let p = —=3 thena X 1 + P-.'.'; ey
7o : '
= e — __?‘_‘L’ — -:--— X
ax1+peli  ax1+ ipe a
1 — ipec + &c. = (becaufe g is fomething lefs
rv _3rgec . 0w grg
than P) 26 V- Whence V =— 2:

% fluent ﬂf ccv, or fum of all the ¢ in the arch. .
But fuppuhng the radius = 1 (fig. 15) by fimi-
lart Ianﬂles, v (BE?) s (mﬁ) :CB:BE::1:¢ and
cv=ys, and ¢cv =cs. And the Flu: ¢s (or the
{fum of all the BE x#6) 1s = area AB]:.C =Fl:

¢cv, and the area ABEC = — + ;. Therefore
N il qrgx___l___r——j,-rgw 379 .
a 24 a 4a
3 3
=T rg S; becaufe ¢s = 3S.
a a

 Cor. 4. If v and V be the meridians for the [ame
latitude, in the [phere and [pheroid, in minutes of the
: A
equator; then V = iy w0 mg?nj’s.
a a
For if the lengths V and v be reduced to mi-

nutes, they muft be multiplied by 18D 08 1O o

: 3.1416
2438, which is the minutes in the radius. But 'V
and
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and v, now-denoting minutes, are already reduced; Fig.

and reducing ? S, we thall have V = | g, o,
i a
2R e 4 L B, 12897S.
a a a

And hence it will be eafy to make a table of the
arches of the fpheroid in minutes, exat enough
for the earth. For if the fpecies of the earth’s {phe-
r—37q

a

roid be known, ¢ 1s known ; and then and

128977 will be given quantities ; whofe logarithms,
a ;
added to the logarithms of v and S, will give two

numbers, whofe difference is the fpheroidal meri-
dian, Thus if g=.022 according to Maupertuis,
then V = .9945v — 28.7 §; or V = v —.0055v
— 28,7 S, where .0e55v <4 28.7 S is the reduc-
tion, or diminution of the {pherical arch.

B eRP. X1

The fame things being [uppofed, as in Prop. 1X. a

minute on the [pherical chart : is to a minute on the
dd

[pheroidal chart, at the [ame latitude : : as 1 +:F; ¢c

2P0 Y.

For by Prop. IV.

a minute on the) . a minute :}n}' e b
{pherical chart the {phere § ° il

And by Cor. 1. Prop. XL

- i T
E
a minute nn} _ a minute on ‘:ﬂxl-&'ﬁfﬂl .

the {phere § ° the {pheroid § aa

1.3 Alfa
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Fig, Alfo by Cor. 2. Prop. X.

16. 2 minute ﬂn} _a minute on the } _ J
the fpheroid § " fphercidal chart §*°7¢*4

d
1 -l——dﬂ.'.
aag

Therefore ex equo,

a minute on the| _ a minute on the]
{pherical chart } * {pheroidal chart} trare X

RO, - ShEL "_ff_“” ,f'ii.f-:‘:l.
1-{-;&‘ \/l‘l‘ﬂ&f %2 i

Cor. 1. If 2 and Z be the length of the meridians

on the chart, for the [phere and [pheroid, p = £ .

aa
Then £ = z— gs. ;
PorEron. Wil Aoy £ gett T Rad [BRCE
¢
15 ) by fimilar triangles, ¢:1::BE: BC: :#b :
B, = ?fé, ofiwe= &3 therefore Z g5 =0 5 Bub by
¢ ¢ ¢

this Prop. (putting » = ‘E) O S5 o Rt S
aa

z - T W— - - -
'FITFE' TZX 1 —pecHRC.=2 == qoc2 = Z%—
gee X L =% — gs.  Whence Z —= z ~=gs.

c

Cor. 2. If z and Z be the meridional parts for the
Jfpbere and [pheroid, at the fame latitude. Then Z =
z — 3438¢5. :

For to reduce the length z to minutes of the
180 % 60

2
3.1416
3438. But Z and 2 are fuppofed to be already fo
reduced, and reducing ¢s, we have Z = z —
3438¢s 5 and therefore 1t will be extremely eafy to
make a table of meridional parts for the {pheroid,

exact

equator, it muft be multiplied by
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exa& enough for theearth. Forif the fpecies of the Fig.
fpheroid be once determined, ¢ is known ; and 10.
3438¢ will be a given quantity ; to the log. of
which adding the log. fine of the latitude (rejedi-
ing radius), and you have the log. of a number,
which is the reduction or decreafe of the meridi-
onal parts of the fphere. Thus if ¢ = .022, accor-
ding to Maupertuis, then log : 2438¢=1.8787286.

SCHOLIUM.

When three tables are made for the fpheroid;
one for the radii of the parallels, by Prop. IX. or
Cor. 1. A table of the arches of the meridian, by
Cor. 4. Prop. XI, and a table of meridional parts,
by Cor. 2. Prop. XII. then all the cafes of failing
may be folved, with little more trouble, by the
fame rules, as for the {phere; that is, by Prop. II.
and V. and their Corrollaries. But for fuch as
have not thefe tables, 1 fhall lay down the two fol-
lowing propofitions, by which the common cafes
may be {olved by the common tables only; if any
body will be at the pains to work them, as they re-
quire fomething more labour,

P RAGO°P X,

Let v = any latitude in minutes, S = nat. fine of 17

twice this latitude. And put F = ?'_""_:f..-f o
a

128¢rq

S; and f and g the [ame for any other lati-

a
tude. '

Alfo let M = meridional paris of the [phere, for
that latitude, and N = 3438q X nat. fine of the lat.
and m and n the fame for any other lat. Where r =
rr—aa

= *

radius of the equinoiial, a = 7 axis, and g=
' i

| (T I hen
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Fig. Then on the [pheroid, it will be,
37 As proper dif. latitude. ¥ —G—f—g :
mer. diff. latitude, M N H—1t :
departure :
diff. longitude,
on the fame fide of the equinofiialy but on different

Jdes, take F—G + f—g, and vi—N + m—n.

For (by Prop. X1. Cor. 3.) the proper lat’. on
the fpheroid are = F — G, and f— g. And (by
Cor. 2. Prop. XII.) mer. parts on the fpheroid 1s
z — 3438¢s or M—N. And the dif. of the meri-
dional parts for the two latitudes, or mer. dif. la-

titude, will be M—N — m—=u. And on the {phe-
roid it is, as proper dif. lat : mer. dif. lat: : de-
parture : diff. longitude ; or as AB: AD :: BC:
DE.

Cor. 1. Radius :
tan. courfe : :
meridian dif. latitude, M—N — m—n :
dif. longitude,
For rad : tan. courfe : : proper dif. latitude : de-
parture : : mer. dif, lat : diff. longitude.

Cort. 2. The redution for the lat. v is 55y -+
1000

28.9S.  And the redulion for the meridional parts of
v, will be N.

This follows from Cor. 4. Prop. XI. and Cor. 2.
Prop. XII.

PR O BRI,

The fame things [uppofed, and put s = S, latitude.
Then, |

As
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As 1 + 1gss X cof. latitude , Fig,
Radius : : 17.

diftance in any parallel on the [pheroid :
diff. longitude.

For (Cor. 1. Prop. IX.} HI = BE X 1 + I¢ss,
And the degrees in the parallel being inlarged in the
ratio of HI to AC, when they become equal to
the degrees of longitude; therefore HI: AC::
diftance in the parallel : to the difference of longi-
tude, :

- Cot. The reduttion for the log : cof. latitude is log :
1+ 3455, .

PR OF XN Pl

To folve the common cafes of failing, e¢n the [phe-
roid, by the common tables for the [phere.

Before this can be done, the fpecies of the {phe-
roid muft be determined, and the quantities 7, 2, ¢
will then become known; by help of thefe, the
arches of the f{phere, are reduced to thofe of the
fpheroid and the contrary. Therefore if we fup-
pole with Maupertuis, that r = 1; aa = ,978 ;
a = .98894; ¢ =.022; we muft then get, F, G,
f, & and M, N, m, n. And then Prop. XIIL and
Cor. 1. will folve all the common cafes; working
the proportions forward or backward, as there
is occafion. And all the cafes of parallel fail-
ing are {olved in the fame manner, by Prop. X1V;
To facilitate the work we fhall have,

Fi=uo045v; G=28.7 X 8.

Jf =.9945v; g = 28.7 X /.

M = mer. parts of v; N = 75.634 X fine of 7.

m = mer. partsof vy # = 75.634 xfine of v.
or
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Fig. or Log: 9945_.--1 997605; log:28.7 =1.457882.
17. Log:75.634 = 1.878728.
reduétion of v = —5%_y + 28.7 S.

1000
redution of M i1s = N.

Cafe 1.

T he latitude ard longitude of two places being given,
Yo find the courfe and diftance.

. Example. -

A fbip from A in n. lat. 5° [ails between the north
and eaft, into the n. lat. 38 at ¥ 3 making ber dif. of
longitude DE 43° = 2580, Reqmrfd the courfe and
diftance, BAC and AC.

Find the mer. dif. latitude for the {pheroid, thus,

M. P.
1:—38“2280 2468 = M 55y =615
TV = 5= 1200 300 = m S = .a87
diff. 1980(2168 = M—m. | dif, = 518!

and 75.63 X 528 = 40

‘M—m-—N—n = 2128. Then (by Cor. 1, Pr.XIIL}

mer.d.lat. 2128 - - 3.327971
d.long. 2580 - - 3.411619
Rad. ——— 10.

Tan. courfe 50 29 10.083648, BAC.

Then find the proper dif. latitude for the fpheroid.
9945 —1.997605 5.070 = .970
198v 3.2960065 5,2V =159

————y

1969 3.294270  dif. | .797

red. (==22.7.08.9 % 797 = 259
© 1 1946.2 — b—f—G—p,

Then
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Then col: courfe 50 29 ~ — 9.805664 Figs
d. lat. 1946.3 —  ‘3.289210 17.
Rad. ——— I o
Phift. 3059-7 ——  3.485546; AC.

If the departure had been required.. it would be
faund by the proportion in Prop. XIII.

Cafe 2. e,

 The latitude of two places, and the courfe, being
given 3 to find the dif. longitude, and diffance. &

Examp,

A fbip ﬁm’.r from A in fouth lat. 25°, to n. lat. 30° 17.
at E, upon a courfe of 43°, the dy’ longitude and
dgﬂaﬂm are required, DE and AC,

M. P.
1550 =M | s v
1888 =m |S. v

Dalateo 0 = ] oo0

423
N. lat, 30 = 1800

.500

[ i

Sum - 330013438 fum  .923
923X 75.63 = —09.8
3368.2 = M +m—N +1.
Then, .9945 | —1.99%7605 l
3300 3.518514 f_ 866
3282 3.516119 lfum,_{_figi

ﬂﬁy 1.45%7882 3282
1.632,0.212720 —46.8

red. 46.8 | 1.6%0602 3235.2 =F+4f—~G 4.
Then (by Cor. 1. Prop. XIII.)

Rad. —_— 10.

Tan. courfe 43° 9.969656

m. d. lat. 3368 3.52173472

d. long. 2141 | 3-49?0_2?3: DE.

And
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And cof. 43 9.86412%
d. lat. 3235 3.500874
Rad. 10.
dit. 4423 3.645747, AC.
Cafe 3.

Given the latitude of two places and the diftance;
to find the courfe and diff. longitude.

Exam.

- A Jbip fails from A in S. lat. 25, to E. in N. lat.
30°; a diffance of 3235 miles; required the courfe
and diff. longitude, BAC and DE.

Find the proper dif. latit. 3235 asin the laft cafe,

. Then Dift. 4423 3.645717

Rad. — 10,
d. lat. 3235 3.509874
Cof. courfe 43° 9.864157, BAC.

+ Then find the mer. dif. latitude 3368 as in the
. laft cafe, and then (by Cor. 1. Prop. XIII.)

Rad. 10.

Tan. courfe 43 9.969656

m. d. lat. 3368 3.527372

dif. longitude 3-49%7028
) 1D, o1 TR |

If the departure had been given, the longitude
would be found by Prop. XIII.

Cafe 4.
One latitude, courfe, and dif. longitude being given 5
to find the other latitude, and the diftance.

Examp.

A flip [ails upon a courfe of 37°, between the ﬁﬂfg
an
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and weft, from E, lat. 54 n. $ill ber dif. longitude Fig.
DE was 28° = 1680°. To find the dif. latitude and 17.
diftance, AB and AC. :
merid. parts for 54° = 3864.5
25.63 X S.54 (.809) = —61.2
M—N = 3803.3

Then (by Cor. 1. Prop. XIIIL

Tan. courfe. 37° 9.877114
Rad. s 10.
d. long. 1680 3.225309

mer. d. lat, 2229 3.348195, AD.

Then as 2229 is lefs than 3803, the fhip is ftill
in north latitude. Subtract the firft from the laft,
and there remains

3803.3
2229.

the mer. parts for 2d lat. 1574.3 5 if this belonged
to the {phere, it would anfwer to 25° 22/, But

the meridian of the fphere being greater than that
of the fpheroid, it muft be reduced. And the re-
duétion is # or 75.62 X fine of v.
hence 1574.3 = m—1n
75,633 X -428 (S.25°22") = 4 32.4 =
=" Sifiob.7 =— the
mer. parts for 25 52. 1f this had not been exaét
enough, you mult have repeated it, with s for 25 52,
which would rectify it Then to find the proper
d. latifude’; 44" = g740’ and 25° 52" = 1552,
And 28.7%XS—/=128.7 x.166 = 4.76 the reduc.
D=l IOHE 9945 | —1.997605
VvV = 1552 1688 3.227372

————

9 —=Y = 1688

e ——

e

1679 3.224977
— 3.17

1074.3== pr. dif. lax,
Then
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¥ig. Then cof. courfe 37° 9,902348 |
17. d. lat. 1674 3.223755
ad. —— 10.
diftance 2096, 3.3;407, CA.
Cafe 5.

One latitude, courfe and diftance being given to
Jfind the other latitude and difference of longitude.

Examp.

ﬁﬁfp ﬁiﬂi upon a fﬂﬂrfs‘ ﬂf ‘:‘:.3"—‘, fram E. in n. lat.
45, for the diftance 3700 miles 5 to find the lat. come
to at A, and diflerence of longitude, DE.

45° — 2700, then § = 1. .9945]—1.997605
s 3.431364

z-ﬁ'ﬂsl 3.428969

and 28.7 X 1 is the reduction = 28.7
2656.3 =F —G..

Then rad. 10.
Dift. 3700 3.568202
Cof. courfe 23° 9.964026

d. lat. 3406 - 3.532228, BA.

and this being greater than 2656, fhews that the
thip has run into fouth latitude.

3406
2656

750 = f—g.
And 750 would be 12 30 on the fphere; but the
{pherical arch being greater than the elliptical, it

muft be reduced ; here S = .422, and 5t 4 4
: 1000
28.7% | = 48 + J2.1 =162,
red.
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| 750
red. 4 16.2

¥.== 266.2 = 127 ¢ ¥,
M.P -—

Lat. 45 —|3030]|S. v =.707{ 1.878728
12 46| 772(S.v = .221|— 1.967548
3802 .928| 1.846276
reduc. .70
—— N 42 70.2
M—N 4 m—mn, 3732

Then Rad. 10.
| Tan. C. 23° 9.627352

mer. d. lat. 3732, 3.571941
dif. long. 1584, 3.199793, DE.

" Thus all the cafes of Mercator’s failing are fol-
ved, by the common rules, with the additional
trouble of converting the arches of the fpheroid
into thofe of the fphere, and the contrary ; and
without any tables made on purpofe. And in like
manner, all the cafes of parallel failing are {olved,
by converting the radii of the parallels in the {phe-
roid into thofe of the fphere, and the contrary,
and with the {fame tables. And all the three cafes
are folved by Prop. XIV. Where note, that in
Maupertuis earth, 1+ Lgss = 1 4 .01145,5 being
the nat. fine of the latitude.

Parallel Sailing.

Cafe 1.

. Given the latitude and difference of longitude of
$wo places in one parallel ; to find .heir diftance.

Example.

159
Fig.
19
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Example.
_Suppofe a fbip fails eaft in the parallel of 52° 12/,
10l ber difference of longitude be 857" 5 to find the dif-

tance failed.
011 | — 2.041393
5 9.897712
S 9.897712

00687 — 3.83681—7

1.0068 = 1 + ; gss.

Rad. — 10
{1.0063 0.002943 "
cof. lat. 52 12 9.787394
d. long. 857 2.932981
diftance 528.8 ;.723313
Cafe 2.

Given the latitude, and diftance of two places in
one parallely to find their difference of longitude.

Examp.

A [bip fails eaft 528.8 miles in the latitude of 52°
12/ required ber dif. longitude.

Find 1 + %g¢ss = 1.0068 as in cafe 1, then,

{ 1.0068 |0.002943

Cof. lat. 52 12 [9.787394
Rad. 10. .

Ditt. 528.8 | 2.923291

9:799357

d. long. 856.9 ' 2.932954

Cafe
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Cafe 3. Fig:
Having given the diftance of two places in one pa-
rallel, and their difference of longitude 5 to find the
latitude. :
' Examp.

A fhip [ails eaft 528.8 miles, and makes ber dif,
Jongitude 857" 5 required the latitude.

Dif. long. 857 — 2.93298r
Diit. 528.8 — 2.723291
Rad. - 10.

Cof. lat. e 9.790310

This anfwers to 51 54 if it was for the fphere,
but as the parallel is lefs in the {phere, it muit be
‘reduced. Therefore find the reduction, viz. log. :
I + 01188, puttings = S. 51° 54,
| .OI1 |— 2.041303

S. 51 54 —| 9895939
S. 51 54 e 9-895939

,0068 —|— 3_.85327ﬁ

B B 9.?90310
reduc. 1.0068| .002943

Cof. lat. 52 12 9.;*8}36;'7 true.

PR OP. XVI. Prob

To correfi a Reckoning at Sea.

The motion of a fhip is fubje&t to feveral ine-
qualities, which muft be correéted before the place
of the fhip can be truly known. And therefore
the true latitude of the fhip muft be got, by ob-
ferving the {fun’s meridian altitude ; by which ar};d

M the



162

Fig.

[0

NAVIG ATT 0N

the fun’s declination being known, the fhip’s lati-
tude becomes known, or inftead of the fun, any
known ftar may be ufed. Then if the obferved
latitude be the fame as the computed latitude, there
is no room for any correction. But when they dif-
fer, the error will be owing to fome of thefe caufes,
the variation, the motion of a current, error in the
courfe, or in the diftance. And which it is, muft
be determined by judging of the feveral circum-
ftances that attend the reckoning.

1. If the ervor lies in the wvariation ; which will
be known, when an amplitude is had ; take the dif-
ference of latitude and departure, all the time you
have been wrong, and fay,

As Rad : S. errer of wvariation : -
So departure : to correltion in latitude : :
And [o diff. latitude : to corrediion in departure.

‘Then if the true courfe 1s greater, the departure

muft be increafed, and the dif. lat. diminithed, by
thefe corretions. And the contrary when the true
courfe 1s lefs, -

For let AC be the thip’s way, AR the fuppofed
meridian, Am the magnetic meridian, AH the true
meridian, AR and CR the dif. lat. and departure
as computed. Let fall CS perp. to the true meri-
dian AH. Then inftead of AR and CR, AS and
CS will be the dif. lat. and departure. Therefore
AR muft be diminithed by the quantity R# or 4S,
to get the true dif. lat. AS ;7and CR 'muft be in-
creafed by Rd or #S, to get the true departure CS.
And in the right angled triangles AS#n, CR#, the
angles at R and S areright, andthe angles at'» are
equal ; therefore RCn — SA# the error of variation.
T herefore in the triangle CR#, rad : Czor CR : :
S.RC# : Ra#, the correction in latitude.. And in the
triangle ARd, rad : Ad or AR:': SRA4 : ' Rd or
Su, the correttion in departure.

But
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But if the obferved courfe RAC be diminithed Fig.
by the error of variation, the perp. CS would fall 18.
on the other fide of CR, then AR muft be increafed
by #R, and CR decreafed by Rd or #S. For when
one adds, the other fubtraéts.

2. If the error bappens from the motion of a cur-
rent. If its direction be known, to find the quan- R
ticy of the error; fay, as rad : error in latitude : :
tan. current’s courfe . correllion in departure.

This correftion muft be added to the departure,
when the true dif. latitude is greater than the ob-
ferved ; but {fubtracted when lefs.

Forif AR is the meridian, AQ_the fhip’s way
by the current, Q_the fhip’s place by the reckoning,
in the parallel PQ; and C her true place by ob-
fervation, in the parallel RC ; then QC is the er-
ror. Draw QD parallel to AR, then, in the tri-
angle QDC, rad : DQ (PR): : Tan. DQC (RAC):
DC, the correttion in departure; which adds, if
R is beyond P, otherwife it fubtracts. .

3. When the error is in the diftance; as is very 20)
likely when the courfe is near the meridian. To
find the error, take the difference of latitude and
departure from the time of the laft obfervation, and
fay,

}:f.r diff. latitude : departure : : fo the error in lati-
tude : 1o the correétion in departure.

‘Then the corretion is to be added to the depar-
ture, when the computed dif. latitude is lefs than
the true, thatis, when the fhip is before the reck-
oning ; otherwife fubtracted.

For if the fhip’s way be near the meridian, as in
AB, and if BC be her parallel by the reckoning,
and DE her parallel by obfervation. From A, the
place of the laft obfervartion, defcribe the arch BF
to cut the parallel DE in F. Then if the error
was in the courfe, it will be no lefs than the angle
BAF, which is improbable; for fuch a great mif-

“M 2 take
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Fig.take can hardly be made, if any care has been ta-
20, km, thr:refore, it i1s more rational, to fuppofe it
in the diftance, and then it will be the {fmall quan-

tity BD.

Produce AF to H, and draw HG parallel to the
meridian AD. Then by fimilar triangles AB
(dif. lat.): BH (departure) : : HG : FG. Then
if BH be her parallel by the rf:ckﬂmng, HG muft
be taken from BH. But if DE be the parallel by
the reckoning, or the fhip foremoft, then FG muﬂ:
be added to DF to get her true departure. If the
courfe AH is very near the meridian AB, the cor-
rection of the departure FG is fo fmall that it
may be omitted.

4. When the error is in the courfe, as is very like-
ly when it lies near the parallel. To find the er-
ror, fay, |

a1, As thedeparture . dif. latitude : : error inlatitude
correflion in departure, from the time of the laft ob-
fervation. Then the corretion muft be added to |
the departure, when the reckoning is before the
fhip 5 otherwife {ubtratted. But when the fhip’s
way is very near eaft or weft, this correction is fo
imall that it may be omitted.

For let AB be the meridian, BC the fhip’s pa-
rallel by the reckoning, DE her parallel by ob-
fervation, ALK her way by the reckoning, produce
AF to cut BCin C. Then if the error was in the
diftance, it would be no lefs than the line FC,
which is quite improbable; therefore it is rather
the fmall angle HAF in the courfe, which may
very well happen. Draw HG parallel to the merni-
dian AB, and from A defcribe the arch HF. Then
the angle AHF being right, the angle HFG =
AHG, = HAD, and AHD = FHG, “therefore the
triangles ABH, FGH are ﬁlmlar, whence BH
*"dEparmrLJ BA (dif. latitude) : : HG : GF, the

correction 1n d{*parmr{: And as F is her true
place,
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place, GF muft be added to DG or BH to haveFig.
her true departure DF. But if H had been her 21.
true place 1t muft have been fubtradted. If the
courfe was in or near the parallel AP, GF would

be nothing.

5. If a fhip [ails along AH near four points, and 22.
you know the error to be in the diftance AH, then
her true place will be at E, and the error of depar-
ture EG muft be computed by Art. 3. Butif you
know the error to be 1n the courfe, then making
AF equal to AH, her true place will be at F'; and
the error of departure FG muft be computed by
Art. 4. Therefore if both be wrong, the will be
in the middle of EF at G; that is, there will be no
error in departure. Hence if it be not known,
whether the courfe or diftance is wrong, no error
muft be reckoned in departure, but it muft remain
as 1t was, for then BH 1s equal to DG.

In general, failing near the meridian, or near a
parallel, or near four points, the departure cannot
be correted. But 1t may be corrected when her
courfe is within a point or two of the meridian, or
any parallel.

5. The error in departure being found, the error
in longitude lies the fame way, being only greater
in quantity ; which is found thus, as erros in lati-
tude : correfiion in departure : : [0 the meridional diff.
lat. (between the computed and obferved lat.) : correce
tion in longitude.

The correéting a reckoning, depends upon find-
ing the latitude, and that is had by obferving the
fun’s meridian altitude, or zenith diftance. And
as the bufinefs of finding altitudes is ufeful upon
many occafions at fea, 1 fhall conclude with the
two following propofitions, for that purpofe.

M 3 HPROB
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The times of two equal altitudes of the [un, taken
in the forenoon and afternoon of the /ame day, being
obferved by a watchs to find by the Jame watch, the
time of bis being in the meridian.

G &

If the fun’s declination continues nearly the fame,
during the interval of the two obfervations, then
the middle time between the obfervations, taken by
the watch, is the time of his being in the meridian.
But if he makes a {enfible difference of declina-
tion in that time, then this mean time muft be cor-

reéted as follows.
1L

Let HO be the horizon, Z the zenith, P the
pole, GDC a parallel of altitude, IAC a parallel of
declination ; and let C, D be the two places of the
{fun, fuppofed on different fides of the meridian
PZH. Then AD will be the difference of decli-
nation, between the times of obfervation. Then
in the triangle ZPC there are given ZP the com-
plement of the latitudey; ZC the co-altitude, and
angle ZPC anfwering the time, both by obfervation ;
thereiote S ZC S ZPC -« S TR - S ZCE. ' Theén
having the angle C, let AD (the dif. declination)
be taken in minutes of a degree. Then fay, as
cof. {un’s declination : cotan. ZCP : : fo 2AD : to
the correction in feconds of time.

Then the correction muft be added to the mean
time, to find the true time of his fouthing, when
the fun is going from the elevated pole ; but fub-
tracted, when coming towards it, |

For, produce the meridians PAD, and PC to
cut the equinoctial in B and E. Then the angles
PCA and ZCD being right, by fubtraéting the

| common
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common angle ZCA from both, DCA will beFig.
equal to ZCP. And in the {mall recilineal tri- 2 %
angle ACD right angled at A, rad : AD: : cotan.

DCA or ZCP : AC = AD xcotan., ZCP g

rad.

by the fpherical fetors PAC and PBE, S.PC:rad

AD xcot. ZCP
- - : BE e
$ G ( ) ) or angle APC =

AD 3 c[?é ZCP But BEand AD being reckoned
.

in minutes, and 1 minute of a degree being equal

to 4 feconds of time, therefore BE reduced to

essntuapilh be o ST XCO ZEE o0 Half the

S, PC
. 2AD % cot. ZCP.
BT SiPG '
be going from A to D (from the pole), the morn-
ing obfervation will be at C, and << CPZ being
CPZ + DPZ, by hatE

2

of CPD ; that half muft be added to the half fum,
to find CPZ, or the true time of noon. And the
“ contrary, when the fun comes towards the pole;
for then D would be the morning obfervation.

III.

. The foregoing correction is but fmall, and in
many cafes may be omitred, efpecially at fea. But
there is another corretion more material, owing
to the change of latitude.  For if this prob. is
performed on fhip board, and the fhip is under fail ;
if fhe fails uniformly upon one courfe during the
interval of the obfervations, and alters her latitude

much, then the following correction is neceffary.

Let PZE be the meridian, IDC the fun’s pa-
rallel of declination ; P the pole, D and C two
M 4 obferved

time in B And if the fun

greater than (the half fum)
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Fig. obferved places of the fum, fuppofed on different
24. fides of the meridian PZF, Z the zenith of the
place where D is obferved, Q the zenith of the
place where C is obferved, PD and PC two hour
circles. Then in the triangle ZPD, there will be
given ZP, PD, and alfo ZD by obfervation, as
alfo the angle DPZ from the obferved mean time.
‘Thetr fay,. a8 S:ZD + S ZPD < : S.PD» S PZDi
Therefore having the angle Z, and the arch ZQ in
minutes, fay, as cof. latitude (ZP): cotan. PZD : :
2ZQ : to the correftion 1n feconds of time.
Then this correction muft be fubtracted from the
mean time, if the thip goes towards the fun; but
added, if goingfrom it; and it gives the true time
of his fouthing, by the watch. |
For, produce the meridians PD and PC to cut
the equinotial in B and E, and draw ZD, QC
the complements of the equal altitudes. Alfo
draw Qr, D#n, perpendicular to ZD, QC ; then
as ZQ, DC are extremely {mall, Dr will be equal
to Qn, and fince DZ is equal to QC, therefore
Zr = Cpn. But by fimilar fetors, we fhall have,

rad: 8.DP : : BE (or angle DPC) : DE = SEXS-DP

rad
And in the triangle ZDP, S.DP:S.Z::S.ZP:
S.PDZ = 22V XSZ  pnq in the fmall right-

S.DP
angled plain triangles QZ7 and CD#, we thall have,

ygd: T ¢+ S ZOrarcol. L Lr— 20 ;ﬂﬂ Z;
ra

And rad : DC: : S.CDs or PDZ :C#, thatis, rad:
BE xS.DP ::S.ZP el s BExS. ZPxS.Z

rad S.DP rad®
—Fror sl X ok Z, whence BE = £QXcof.Zxrad
rad SZP x%S.Z

. Z2Q X cotan. Z
EE S.ZP

.. Now if ZQ be exprefled in

minutes,
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minutes, BE will be exprefied in minutes, and as Fig.
1 minute = 4 feconds of time, the time in BE 24

. L0 X cotans Z
will be S7P ;

#22Q xsczt:m PZD " And if the thip goes

from Z to Q, the morning obfervation will be at
D, and the evening one at C; and the angle DPZ
bemg lefs than half the fum of DPZ and ZPC
(which denotes the mean time), by half BE or half
the angle DPC therefore TDPC mutit be {ubtrac-
ted from this mean, to find the true time. And
the contrary will happen, when the thip fails from
the fun ; for then C would be the fun’s piac.e at

the morning obfervation; and D at the evening
one.

and half the time in BE

Cor. 1. This Prob. may be equally ufeful for find-
ing the time of the moon's fouthing by the watch.

Cor. 2. If inflead af the fuu, any flar be made
ufe of y the correction, in the 11. article, muft be omit-
tedy as the flar does not alter its der;’ma:mﬂ

PR OP XN Frog,

To take the altitude of the [un or a Rar, when the
borizon is not vifible.

It frequu:mly happens, that when an obfervation
1s wanted and the iPm or a ftar is vifible, that the
horizon is obfcured, by thick hazy weather; and
often in calm weather, it is fo ill defined, that there
1s no certainty in taking an oblervation from it;
and yet in the common way, 1t is abfolutely necef-
fary to have a clear horizon. Therefore in order
to fupply this defect, one method is this. Fix a
fpirit level to one fide of a common quadrant.
The fpirit muft be contained ina glafs tube turned

o
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Fig.up at the ends. This tube muit be as long as the

24. fide of the quadrant, and very ftrait in the middle,
that the {pirit may flow very flowly through it, and
hinder its {pilling, when held obliquely. The ends
that turn up muft be wider, and when the fpirit
1s 1n, they muft be cemented clofe up, all but a
very {mall hole in each, in which two pins are to be
put when the inftrument is not ufed. But when the
inftrument 1s placed ready for ufe, thefe pins muft
be taken out, to admit the free ingrefs and egrefs
of the air. To adjuft the tube, let it be well fixt
to the fide of the quadrant; than place that fide
exaltly horizontal; and taking out the pins, ob-
ferve how high the {pirit rifes in each end of the
tube ; mark thefe places exactly. And therefore
when ever the quadrant 1s {o placed, that the {pirit
rifes to thefe marks, you may be fure, that fide of
the quadrant lies truly horizontal. This quadrant
muit have an index moveable on the center; and
this index may either have plain fights, or a fhort
telefcope fixt toit. The whole inftrument thus fit-
ted up, may ftand upon a ftaff or pedeftal. To
obferve with it, place it fo that the {pirit may rife:
to the two marks; there fix it, and direéting the
index towards the fun or ftar, the graduated edge
will fhew the alutude. It would be convenient to
have an affiftant to keep the inftrument level, whilft
you are taking the altitude.

Another method is, to add a mercurial level to
Davis’s quadrant, thus. Inftead of having the
ficht vane to move upon the 30 degrees arch, it is
fixt to an index which moves about the center of the
inftrument. To this index is fixt the mercurial
level ; which, like the lait, confifts of a glafs tube
turned up at the ends; the middle part of thetube
muft be extremely narrow, and the ends that turn
up, muft be wider, being twice or thrice the dia-
meter of the middle or more ; this is to prﬁventbthe

vibra-

-
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vibratory motion of the mercury. The two endsFig,.
have their tops ftopped with pieces of wood ce-
mented in them, and thro’ thefe pieces of wood are
made two very {mall holes, in which two pins are
put, when the inftrument is at reft ; but taken out
when ufed, to let the air enter, that the mercury
may reduce itfelf to a level. The horizontal part

of the tube muft be as long as the index.

To adjuft the inftrument, let the index be fo pla-
ced, that the {lit in the fight vane, and that in the
horizontal vane may be exatly upon a level. Then

our mercury into the tube till it rife to the fame
E‘i‘vel in both ends of the tube, and no higher; then
1s your inftrument corre¢t. Therefore when at any
time the index is fo placed, that the mercury in
both legs comes juft to the line of vifion drawn be-
tween the two {lits in the fight vane and horizontal
vane; then that line lies horizontal. And a vifible
line ought to be drawn on the index to thew this.

To ufe the inftrument, the obferver muft chufe
a convenient place, where there is the leait mo-
tion or wind to difturb him. Then fitting down,
and taking hold of the inftrument as ufual, and
looking thro’ the {lits in the two vanes, move the
~Index till the top of the mercury in the tube
be in the fame line, there keep it, whillt you
move the inftrument up or down, till the fun
through the flit of the thadow vane fall on the
flic of the horizonral vane; when all thefe things
agree, obferve the degrees cut, and you will have
the zenith diftance, as ufual. Here, in looking
thro’ the two {lits, you obferve the top of the mer-
cury in the tube, which ferves for the horizon ; fo
that the end of the index is moved in the fame
manner, as the {ight vane ufually 1s.

To obferve a ftar, fince it can caft no thadow ;
to have itin a line with the horizon vane and fha-
dow vane; another perfon muft look for the ﬁc:ﬂ:

thro
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Fig. thro’ the two {lits ; the index being kept in its pro-
per pofition.

By this improvement, the want of a horizon is
fupplied ; fo that an obfervation may be made from -
any headland, or any harbour, or any place on thore,
where the fun can be feen, without any regard to
‘the horizon ; for the true level will always be pre-
ferved, whether on the top of a mountain, or at
the {urface of the fea.

To compleat the art of Navigation, thefe three
things are abfolutely neceflary; the variation of
the compafs, the latitude of the fhip, and the lon-
gitude of it. The firft may be found by an am-
plitude or azimuth ; the fecond is known from the
fun’s meridian altitude, by the help of this Prop.
the third is ftill a fecret, and likely to continue fo.
For, tho’ many thoufand pounds have been paid
for the pretended difcovery thereof; 1 doubt we
fhall ftill remain juft as wife as we were before the
difcovery ; except the ill fucccefs of it happens to
teach us fo much wit, as to take better care of our
‘money for the future., Andindeed all unlikely ways
and means for this purpofe, have been propofed
and profecuted ; whilit the only probable method is
never thought of, or quite neglected.

|0 L R R
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A S the meafuring of time exally is a matter of great

confequence in all human affairs ; without which we
could not rightly know when to go about any particular bufi-
nefs 5 therefore Dialling becomes a neceffary art.  For as cer-
tain times and feafons are fet apart as moft proper for perform-
ing fuch and fuch altions, in which we are conflantly imploy~
ed 5 not only in the [everal parts of the year, but at different
times of the day 5 therefore we have need of fome fuch infiru-
ment as a dial, to diret us to thefe ailions, and to inform us
when thefe feveral periods of time are come’ And the’ we
be furnifbed with fome [irts of moving machines, which will
do thisy as clocks and watches 5 yet thefe are often out of or-
der, apt to flop and go wrong, and therefore require frequently
20 be regulated and fet right, by fome unerring inflrument as
a dial 5 which being rightly confirufled, will always (when
the fun fbines) tell us truth. And therefore whether we have
any clocks or not, we fhould never be without a dial.

The original Zf Dials feems to be this. IWhen men atten--
tively obferved the fun’s circular motion daily vound the earth ;
that in the morning be rofe in the eafl, moved about to the
Jouth, and from thence to the wefl, in the evening, where be
Jet. They would at the fame time, obferve the alteration of
the fbadows ;5 that they were projested fir/} one way and then
ansther 5 moving round as the fun did, but towards oppofite
points 5 and that they grew longer and fhorter as the fun af-
cended bigher or funk lower. This would give the mof! 6b-
vious hint of meafuring time by fhadows, or for making of
dials : tho they could not be exaélly executed without the rules
of art, which therefore were neceffary to be known, and are
tbe Subjelt of ihis Treatife. For as the motion of the fun is

ihe
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the meafure of time ; [o no apter method could be thought on,

than to fbew the time of the day by the fbadow of fome index,
properly fixt upon a plane.

At the firft, only three parts of the day were diftinétly ob-
ferved, which were fun rife, noon, and fun fet 5 but this di-
vifion being too general s they afterwards divided the natural
day into 2.4 parts or hours, as a number very proper and com-
modious, for diffinguifbing the various times of the day, which
were to be diffinétly fhewn by a dial.

The foundation of Dialling is entirely depending upon Af-
tronomy. For the lines on a dial which fhew the hours, are
the interfeltions of the feveral hour circles, with the plane of
the dial. And to project thefe hour lines, is the [ame thing
as to project the [phere, upon the dial plane. And therefore
the making of dials depends upon projecting the (phere, par-
ticularly the gnomenic projection, which is naturally adapted
to this purpofe; and which we bave treated on befere.

In the following Book, the firf} feltion contains the grounds
of this art; by fhewing, how the feveral requifites-are to be

Joundy® by the interfeétions of the circles of the [phere, with the
plane of the dial, from the principles of [pherical trigonome=
try; from which the pralftical rules are deduced.

The fecond feflion contains the praclice, and that three dif-

ferent ways. 1. Geometrically, by rule and compafs, which
depends upon the gnomonic projection of the [phere, before deli
wered. 2. B b trigonometrical calculation, by the tables of fines
and tangents, which is the moft exalt way. 3. By the lines
upon Collin’s Dialling [cale, which is a method extremely

eafy and ready.

" The third fection foews the way of making fome other [orts
of dials; and drawing the furniture upon any common dial ;

that is the projection of the feveral circles of the [phere 5 and
inferting therein, fuch hours as haue been ufed by other nations.
And tha® thefe things are not abfolutely neceflary, they may
ferve fametimes a5 an ornament for ¢ dial.

W. Emerfon.
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IALLING or Guomonicks, 1s the art of
making Dials, and,

B S e

A Dial is an inftrument for fhewing the hour of
the day, by the fun’s fhining upon it.

The moft common and ufeful fort of dials, are
thofe where the hour lines are defcribed on fome
plane furface, upon which the thadow-of an index
falling, fhews the hour by the termination of its
fhadow.
' D ELE. - HI,

Dial planes, are thofe planes on which dials are
or may be defcribed. And therefore any plane up-
on which the fun can thine, may be a dial plane.
All dials are denominated from that great circle of
the fphere, to which the dial plane 1s parallel.
Hence,

50 B

A borizontal Dial, is a dial drawn on a plane pa-

rallel to the horizon.

131 I R R

.- An equinafiial Dial, is upon a plane: parallel to
the equinoltial.
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D.E F. Vi

Ereft or vertical Dials, are fuch dials as are drawn
on upright planes, or thofe perpendicular to the
horizon.

D E F. ¥

A direit Dial, is a dial drawn on a plane facing
the eaft, weft, north, or fouth ; and is accordingly
called an Faft dial, a Weft dial, a North dial, and a
South dial. The eaft and weft dials are parallel to
the meridian ; and the north and fouth dials are
parallel to the prime vertical. -

DE E  VIIL

A declining Dial, is one that faces none of the
cardinal points, but declines towards the eaft or
weft. Thele are a fouth-eaft decliner, a fouth-weft
decliner, a north-caft decliner, and a north-weft de-

cliner.
' DEF IX.

An inclining or oblique Dial, is one whofe plane
frands at oblique angles upon the horizon. And
thefe may be either direct ones or decliners.

D& F. X

4 reclining Dial, 1s one whofe plane leans back-
wards, or from you. : | :

B.BoE: XL

A proclining or acclining Dial (fometimes called an
incliner), is one whofe plane leans forwards or to-
wards you. The planes on which thefe are drawn
will be procliners (or incliners) on one fide, and
recliners on the other.

DR E X,

Declination of a plane, is an arch of the horizon,
contained between the plane and the prime verti-
cal; or between the meridian and a plane perpen-

dicular

W
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dicular to the dial plane; and is always reckoned
from the fouth or north.

D'E F. - XIlI.

Reclination and proclination of a plane, is the an-
gle it makes with a vertical plane ; or it is the num-
ber of degrees that the plane leans from you or to-
wards you, reckoned from the zenith; being the
plane’s diftance from the zenith. But Inclination
is properly the angle the plane makes with the

horizon.
DEF~XIV.

The center of a Dial, is the point where all the
hour lines meet, or towards which they tend.

DEF. XV,

The Stile, Gromon or Cock of a Dial, is a pin, or

iece of metal, &c. raifed perpendicular upon the

plane of the dial; by the fhadow of this, as an,
index, the hour of the day is known.

D E a8V,

The Subftile, i1s the line on which the flile is
ereted, perpendicular to the plane of the dial.
‘This always goes thro’ the center of the dial.

D EF. XVIL

Stile's beight, is the angle which the top edge of
the ftile makes with the fubftile ; that is, when the
ftile 1s in the form of a triangle. And then the an-
~ gular point is at the centre of the dial. Butif the

itile is a pin, the bejght is the perpendicular length
of it; if a parallelogram, the center is at an infi-
nite diftance.

B2 D E K
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D EF. XV

The [ubflile’s diffance from the meridian, is the
angle which the fubftile makes with the 12 o’clock
line. _

| DEF.  XIX.

Meridian of the plane, 1s the meridian perpendi-
cular to the plane of the dial; and therefore it is
the fame as the fubftile. This is quite different
from the meridian of the place, which 1s that me-
ridian which 1s perpendtcular to the horizon.

i B S ) e 6

Height of the meridian, is an arch of the great

cm.,le or dial plane, comprehended between the ho-
rizon and meridian of the place.

D'E F.. XXl

Plané’s difference of longitude, is the angle on the
{phere contained between the meridian of the place
and the meridian of the plane; this is alfo called
the Ziclination of meridians.

BrRCRS KT
Hour arch, is an arch of the equino(tial, anfwer-
ing to the time; or the angle at the pole. Thus
15 degrees anfwer to 1 hour, 30 deg. for 2 hours,
45 degrees for 3 hours, &c. This takes its be-

ginning at the {ublftile.
D E F. XXIIIL

Hour angle, is the angle which any hour line up-
on the plane of the dlal ‘makes with the fubftile.

RSP, XXV,

The borizontal line, 1s a line drawn parallel to the
plane of the horizon in any dial ; and is made by
the
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the horizontal plane cutting the dial plane, and
pafling thro’ that point of the flile, whole fhadow
thews the hours. In like manner,

"D EF. XXV.

The equinottial line, is the interfetion of the
plane of the equinoétial and dial plane; an azi-
_ imuth line, the interfeCtion of any azimuth with the
dial plane, &c.

D EL. o

The contingent line, 1s a line drawn thro’ the foot
of the ftile perpendicular to the {ubftile ; and ferves
inftead of the equinoctial for finding the hour points
upon it, thro’ which the hour lines are to be drawn.,
When the contingent does not pafs thro’ the foot
of the ftile, it reprefents the equinoctial.

B3 SECT.

(o3
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The foundation of Dialling, and the ge-
neral properties of Dials, and Dial
Planes. The Rules for calculating
all the Requifites. To find the time
of the fun'’s [bining on any Plane.
Explanation of the lines on the Diale
ling Scale.

BRI P. ol

]F a right line be fixt any where upon the earth,

parallel to the earth’s axis 5 the fbadow thereof by
the fun, moves uniformly about it, defcribing equal an-
gles in equal times.

It is matter of obiervation that the fun apparent-
ly moves about the earth in 24 bours, with a uni-
form motion, defcribing 15 degrees of the equi-
noctial every hour. And altho’ this apparent mo-
tion of the fun is really to be afcribed to the earth,
which actually moves uniformly round its axis in
2 4 hours; yet we may refer this motion to the fun,
as it makes no manner of difference in the appear-
ances, for the rifing, fouthing, fetting, and horary
motions, will all be exaltly the fame whether the
motion be in one or the other. This fuppofi-
tion of the fun’s uniform diurnal motion, is the
foundation of all the meafures we have of times

and
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and particularly the whole art of Dialling dependsFig.
upon that fuppofition. Now fuppofe the fun in
motion round the earth’s axis, and that this axis

by the fun’s rays cafts a fhadow ; this fhadow, being

in a right line with the fun which is the luminous
body, and the axis which is the opaque body, will
always be on oppofite fides of the axis, from the
fun; and therefore if the fun moves uniformly,

the thadow will likewife move uniformly about this
axis.

Let AB be the earth’s axis, CD any other line g,
on the earch, parallel to it. Let ER be drawn
perpendicular to AB, CD, and in the plane of the
fun’s motion ; to cut them in the points F and L.
Suppofe MFI, NLK drawn from the fun. Then
by reafon of the vaft diftance of the fun, and the
- fmall diftance of the points F and L upon the
earth compared therewith; the lines MF and NIL
are to be looked upon as parallels. Therefore the
angle RFM 1s equal to the angle RLN ; and thefe
being equal to the alternate angles GFI and HLK
made by the thadows, thefe alternate angles will
allo be equal. Hence, whillt the fun feems to
move thro’ the angle REFM about F, it will alfo
feem to move thro’ the equal angle RLN about L.
And at the fame time the thadow of F will move
thro’ the angle GFI, whilft the thadow of L will
move thro’ the equal angle HLK. And therefore
both the fun and the fthadow of L. move uniformly
about CD. And thus the thadow of any other point,
and confequently the whole plane of the thadow
of CD, moves uniformly about CD.

Cor. 1. Hence if the place of the fbadow of this
line CD be marked, or drawn with a black line, at
any given bour ; every day when the fun returns, its

fhadow [ball fall upon the fame black line, at the fame
bour of the day.

B 4 Cor.
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Iig. Cor. 2. Therefore if a line be fixed parallel to the

1. earth’s axis in any fixt plane; and the place of its
Jhadow be marked at 1o o’clock y and likewife where

it cuts the plane at every 15 degrees of revolution of
the [hadow, thefe marks will denote the bours of the
day, and the fbadow will meafure time as truly upon
that plane, as the fun itfelf does in the beavens ;. that
is, there wili be confiruéied a true fun dial.

For as the {fun moves thro’ 5 degrees. every
hour, the thadow will likewife move thro’ 15 de-
grees every hour, (in 1its revolution round CD;
and therefore its interfection with the fixt plane,
muft needs point out the feveral hours.

Cor. 3. Hence it is the very fame thbing, whether
a dial be drawn upen any given plane, or. upon that
great circle of the [phere which is parallel to is.

RBiR: 6 Pl
If a line be ereted perpendicular to a plane, and

* the top of it defiribe any curve therein, by its fhadow

in the fun. If the plane be removed to any other
place on the earth, in a quite parallel fituation ; the
Shadow will defcribe the very fame curve as before, and
at the fame lime,

1 call that fituation of a plane guite parallel, when
it not only continues parallel to itfelf, or to fome
original plane, to which it was parallel at firft;
but alfo when any right line drawn 1n it, continues
parallel to itfelf, or to fome original line, to which
1t was at firlt parallel. © When only the parallelifm
of . the plane is’ regarded, it may have an infinite
number of pofitions, for any one fide of it may be
up or down. But when a certain line drawn in it,
is to have the fame pofition, and tend the fame
way, this fixes its fituation, if the face of the

plane
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plane looks the fame way as before. So that ifFig
a planes moved from one place to another, o that 2.
it continues always parallel to itelf, and a right
line drawn in it continues parallel to itfelf; chat
plane is always in the required fituation. This be-
ing explained. : :

" Let the line AB be erefted perpendicular to the
plane CD, and let A the top of it by its fhade in
the fun, defcribe the curve FGHI. - Then 1if it
be removed to ¢d, in fuch a parallel fituation ; and
the curve fghi be deferibed by the thadow of the
top 4. This curve will be the very fame as FGHI.
For draw B, GB, and f4, gb. And let SAF,
TAG be the fun’s rays, when the fhadow is at ¥
and G ; and faf, -fag, his rays when the thadow is
at fand g.  Then from the vaft diftance of the
fun, and confequently from the parallelifm of the
‘rays SF, sf at the fame moment, and of TG, zg,
allo at the fame moment, another time; we fhall
have the angle AFB = afs, and AGB = ags, allo:
FAG =fag. And fince the perpendicular ¢ — AB,
thereforé af = AF, apr = AG, whence fr = FG.
After the fame manner is proved that gh = GH
and b — HI, &c. Therefore the whole curve fgbi

1s the fame as the curve FGHI. And becaufe the
plane is in a parallel fituation, the angle ¢4f = CBF 5
and therefore the curve is in the fame pofition mn
refpect of any line drawn upon the plane.

It 1s to be noted, that when the {un is in the e-
quino¢tial, then FGHI or fghi will be a right line.
For the equinoctial being a great circle, its plane
will cut any other plane in a right line, fuppofing
it either at the center of the earth, or any way on
its furface. For any point of the earth, as well
as the center, may be taken for the center of the
equinoctial, or of the {fun’s motion at that time.
But at ether times the earth is not in the center of

the
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Fig. the fun’s motion. For the line drawn from the
2. eafth to the fun continues not in one plane, but

defcribes a conic furface, and therefore the curve
FGHI will be fome conic fection.

Cor. 1. Hence the motion of the fhadow of a point
as A, upon a plane CD, is the very [fame, whether
the plane be placed in the center of the earth, or any
way on its furface, provided it te in a fituation quile

_parallel. |

Cor. 2. The place of the fbadow at the [ame mo-
ment, will be at the fame place G or g, whether the
place be at CD or cd.

RGO P IR

If aline be elevated above a plane and fixt there,
its fbadow will be the fame, at the fame moment of
time, whatever part of the earth it is placed in, pro-
vided it be in a fituation quite parailel.

3. Let the line AO be raifed above the plane CD,
and fixt there, interfeting the plane in O. From
any point in it as A, let fall the perpendicular AB
upon the plane. From the fun at S, draw the
line SAG interfe¢ting the plane in G. Then (by
Cor. 2. of the laft Prop.), the thadow of A at that
inftant will fall upon G, wherever the plane CD is
placed, fo as to be in a pofition quite parallel.
But if a plane be drawn thro’ the fun at S, and
the line AO, it will cut the plane CD in the right
line GO ; where AGO is the plane of the fhadow,
and GO the line of fhadow. Confequently the
fhadow of AO, will at the fame moment fall upon
the fame line GO wherever the plane CD is placed,
in a quite parallel fituation.

And if the ftile AO be parallel to the plane
CD, the thadow will fall on the fame line, 1n all
places;;
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places; as will be evident by letting fall a per- Fig.
pendicular from any other point of the line; for 3.
the thadow of that point, will always fall upon the
fame point of the plane; and the line of fhadow

drawn thro’ thefe two points will always be the
fame. '

PR OP IV,

In every dial that bas a ftile, the edge of it, that
gives the fbadow, muft always be parallel to the earth’s
axis, and point direitly to the two poles.

It has been fhewn in Prop. 1. that the fun moves
uniformly about the earth’s axis ; and coniequently,
by reafon of the fun’s great diftance, 1t alio moves
uniformly about any line parallel thereto. That
is, 1f a plane be fuppofed to be drawn perpendicu-
lar to the earth’s axis, or to this line, and a circle
be defcribed about the ftile, as the equinoctial cir-
cle is about the earth’s axis; then the fun, and
confequently the fhadow, which is oppofite to it,
will move uniformly in this circle, deicribing equal
angles or equal arches in equal times. And this it
will always do, from the parallelifm of the {tile to
the earth’s axis. Bur alter the pofition of the ftile,
fo that it may not be parallel to the earth’s axis, as
before; and then no fuch regular motion will be
made about it by the fhadow. Therefore the po-
fition of the ftile to fhew this regular motion of
the fun, muft be fuch, as to be parallel to the
earth’s axis, or to point directly to the two poles.

Cor. Hence the flile muft be fo fixt upon any dial
plane, that its edge may point direftly to that pole
which is elevated above the dial plane.

PROP
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In any dial, the angle of the file’s beight above the
Subftile, is equal to the beight of the pole above the
plane of the dial.

It has been proved in the laft Prop. that the ftile
muft be parallel to the earth’s axis. Now the an-
le that the axis of tlie earth makes with a great
circle of the {phere parallel to the dial plane, is
meafured by the arch of a great circle,. which is
perpendicular to the former, and paffing thro’ the
earth’s axis, which arch 1s contained between the
parallel great circle and the axis, or the angle which
the axis makes with that parallel great circle. But
this angle is the elevation of the pole above that
oreat circle.  And fince the ftile is parallel to the
carth’s axis, and the {ubftile parallel to the inter-
fection of the perpendicular circle with the paral-
lel circle ; therefore  the contained angles will be
equal ; that is, the angle of the ftile and fubftile
is equal to the elevation of the pole above the dial
plane, or above its parallel great circle.

Cor. 1. If the dial plane be parallel to a great cir-
cle paffing thro’ the polesy the file will bave no angle
of elevation at all above the dial plane, but will be
parallel to the fubfiile.

Cor. 2. If the fiile be continued thro’ the plane on
the other fide s its angle with the fubftile will be equal
1o the keight of (e other pole, above the other fide of
the plane. _

For the alternate angles being equal, the height
of the ftile above the fubftile, is the fame on the
other fide of the plane, And the height of the pole
being the fame on both fides its parallel great cir-

cle,
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cle, it will alfo be the fame on both fides the dial Fig.
plane ; that is, equal to the angle ef the ftile and
fubﬁlle.

P R QoPs sV

The mterﬁﬁzee of the meridion of the place .ee-:f
the plane of the dial, is always the bour line of 12
d’clock 3 and all the other hour lines are the inter[efti-

ons of the [everal meridians or hour circles with the
Plane of the dial, all paffing thra’ the file.

It is plain, that when the fun is in the meridian
of any place, that it is' 12 o’clock in that place.
But the plane of the meridian paffes thro’ the ftile,
and the fhadow of the ftile being in the fame plane
with the ftile and the fun; this thadow will appear
on the dial plane where the meridian interfects it
and therefore this interfection is the hour line of 12.

Likewife fince all the meridians interfeét one
-another in the earth’s axis, they may be fuppofed
to interfect one another in the ftile, which 1s pa-
rallel to the axis, fince all the motions and revo-
lutions are alike performed round both. And fince
the fun, the ftile, and the thadow, are all in one
plane ; the fhadow muft appear where this plane
interfects the dial plane. And therefore when the
fun is 1 any hour circle, the thadow will fall upon
that interfection, which therefore will be the proper i
hour line at that time.

Cor. 1, Al the bour lincs meet in one point, which
is the center of the dial.

For as all the meridians pafs thro’ the ftile, they
will all pafs thro’ the point where the ftile cuts the
dial plane; that is, thro’ the center of the dial.
And all the interfeions with the dial plane, that
18, ail the hour lines, will meet in that point, which
16 the center.,

Cor.
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Fig. Cor. 2. When the dial plane paffes thro’ the poles,
the hour lines will be parallel to one another.
For then the center, or the point where all the
hour lines concur, is at an infinite diftance.

P RUOP.: Wi

In any dial with a center, if the bour lines be pro-
duced thro’ the centers [0 as to appear on the other
Side of the plane ; and if the fiile be alfo produced thro®
the planey you will then bave a dial for the back fide
of the planey where the fame bours belong to the fame
lines produced.

For fince the meridians or hour circles interfect
the dial plane in right lines, and the ftile is in the
plane of every hour circle; its fhadow will al-
ways be in that interfection. Therefore in what-
ever part of the hour circle the fun is, its fhadow
will always be in the interfettion of it with the
dial plane, and therefore in the fame right line.
But 1t will likewife be the fame hour of the day,
when the fun is in the {ame hour circle, whether
it thines upon one fide of the plane or the other.
Whence the fame right line continued thro’ the
center will always denote the fame hour. And
if the fun was in different or in oppofite points
of the {ame hour circle ; any line will ftill denote
the fame hour, tho’ fometimes it may be the morn-
ing hour, and fometimes the afternoon hour.

P RGO P SVEHL

In all upright dials, the hour line of 12 is perpen-
dicular to the horizon,

For
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For the interfection of the meridian of the place Fig.

with the dial plane, (by Prop. VI.) is the hour line
of 12 o’clock. But the meridian of the place is
perpendicular to the horizon; and the dial plane
1s alfo perpendicular -to the horizon, therefore
(Geom. V. 15.) their interfettion is perpendicular
to the horizon ; thatis, the 12 o’clock line is per-
pendicular to the horizon. |

P R OsP, IX,

In a diredl eaft or weft reclining dial ; the bour line
of 12 is parallel to the borizon.

For the meridian of the place is perpendicular
to the prime vertical; and the dial plane is per-
pendicular to the prime vertical; and therefore
the common interfection of the meridian and dial
plane is perpendicular to the prime vertical. But
the interfection of the meridian and dial plane
(by Prop. VL.) is the hour line of 12. Therefore
the hour line of 12 is perpendicular to the prime
vertical ; and therefore is parallel to the horizon.

PO P K

A dial removed from its true place to any other, and
placed in a fituation quite parallel, and the fun fhine-
ing on it 3 will always fhew what a clock it is, at
the place it came from.

For (by Prop. I11.) the fhadow of the ftile of this
dial, will fall upon the fame hour line, at the fame
moment of time, wherever the dial is placed, in
fuch a parallel fituation. Therefore at every parti-
cular hour of the day, at the original place, the
fhadow will fall on the fame hour of the dial at
the other place, jult the fame as if the dial had

remained
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Fig. remained at the firlt place. And therefore it al-
ways fhews the hour of the day at the firft place.

Cor. 1. If any dial whatever be removed from its
original place, to another place under the fame meri-
dian, and placed in a quite parallel fituation, it will
fhew the bour of the day truly at this laft place; that
15, it will go truly there.

For all places under the fame meridian have each
hour of the day, at the fame moment of time.
That 1s, it 1s 12 o’clock at one place, when it is
12 o’clock at the other; and one o clm:k at the firft
place, when it is one at the other, &c.

Cor. 2. But in other places, not under the fame
meridian, it will not fhew the true time for this laft
place, in this fituation, but will go fofier or flower,
proportional to the difference of longitude from the ori-
ginal place, according as it is removed eafiward or

wqfi‘awd
FaRO: Pardixi

If a reclining plane be fet [o far back, (in a great
circle perpendicular to that plane,) jujt as many degrees
as it reclines, and parallel to its firft pofition ; it will
then be an ereél plane

4. Let AB be the reclining plane, GB a great cir-
cle of the {phere perpendicular toit, C the center;
remove the plane to G, and draw CBD, and CG;
then DB, being a vertical plane, the angle ABD
will be the reclination of the plane AB. And AB
being removed thro’ the arch BG, into a’parallel
fituation at G; fo that the angle ABD may be
equal to GB, or the angle GCB ; then the line GC
will be parallel to AB; and GC being a radius of
the {phere, it is perpendicular to the furface at G ;
but G being alfo parallel to AB, FGC is one right
line, and FG a vertical plane. h

: or,
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Cor. 1. If a vertical plane FG be moved in o pa-Fig.
rallel direlion thro’ any arch of .the great circle GB, 4.
perpendicular to it 5 its reciination ABD will be equal
to that arch GB.

Cor. 2. Likewife in a proclining plane AB, if i
be [et fo far forward, that the arch GB may be equal
to the degrees of proclination, and be placed paralie
2o itfelf 5 it will then be a vertical plane FG.

Cor. 3. If a reciining plane AB, continuing pa-
rallel to itfelf, be carry’d thro’ the arch of a great
circie perpendicular thereto BH, equal to the plands
inclination to rhe horizon, ABG 3 it will then be o
‘borizontal plane at H.

For fince angle ABD = GCB, and ABG = BCH,
GCH = DBG = a right angle, and AB or FG
parallel to the horizon at H.

BiRELF XI,

If any wvertical plane ABID, whofe borizontal line
is Bl, be removed, to any place b in the plane of its
great circle, in a quite parallel pofition.  Its hotizon-
tal line bi, will be elevated abvue the borizon of the
place b, the quantity of the arch Bb. Or angle boi
= arch Bo.

LI

From the center C of the great circle B4, draw
BC, Cb, and draw jf parallel to BC, and the ho-
rizontal line 4b, of the place 4. Then fince the
angles CBI, f4i, Cbh are right angles; we have
angle C4f = bbi. But from the parallels BC, 2,
angle Cof = BC4; therefore boi = BCé = arch BS.

Cor. Hence if the plane BD be removed thro’ an
arch of Qo degrees, the borizontal line Bl awill become
a vertical line.

C PR Y



i3

Ig.

DIrALTLITNG.

PR OP XL

If an ereft declining dial plane be removed along the
plane of its great civcle, till its difference of longitude
be equal to the plane’s difference of longitude ; it will
become a full fouth or north ereit plane.

Let NESW be the horizon, Z the zenith, HZD
the great circle wherein the dialling plane is placed,
being at Z; NS the meridian, P the pole. Draw
the meridian PB, perpendicular to the great circle
HD; and B is the place where the dial plane is a
full fouth or north plane, becaufe the meridian of
the place B is perpendicular toit. And (by Def. 19.)
PB will be the meridian of the plane. Therefore
(Def. 21) the plane’s difference of longitude is the

angle ZPB, equal to that thro’ which the plane
was moved.

Cor. 1. The plane’s difference of longitude is the dif-
ference between the longitude of the given place, and

1he longitude of the place where the dial plane is a di-
rell fouth or north plane.

Cor. 2. And to find the new latitude of B. In the
fpherical triangle YZB 5 rad : cof. latitude (S.ZP) : :
cof. declnation (S.Z) : cof. new latitude (S.PB.)

RO R

A reclining eaft or weft dial plane will be an up-
right plane, under the fame meridian, when placed g9
degrees from thence in a parallel fituation.

For let Z be the zenith as before, WE the prime
vertical, NAS the great circle parallel to the dial
plane. Then thecircle NAS cuts the meridian NS
in the points N and S. And (by Prop. XI.), if |

the :
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the plane be moved from Z to A in a parallel fi-Fig.
tuation, it will be erect at A. And (by Prop. XII.) 6.
it will be erect in any place of its great circle NAS.
And therefore at N and S, 1t will both be erect,
and in the meridian, where ZN and ZS are go de-
grees. |

Cor. The new latitude N or S, where an eaff or
weft recliner is evelt, will be the complément of the
old latitude at Z. And the new déclination is the
complement of the reclination.

For NP = complement of ZP, and ZP = comp.
NP = new lat. Alfo the angle WNA or the decli-
nation = comp. ANZ or of AZ the declination.

P:R Q. B. ¥ XX.¥ Pk,

The declination and reclination of a dial plane being
given. To find the new latitude and declination, where
1£ fhall be an upright plane, upon the fame meridian.

Let NASW reprefent the {phere, NESW the 7.
horizon, P the pole, Z the zenith, NS the meri-
dian, WQE the equinoctial, WZE the prime ver-
tcal, Fr, P2, P3, &c. hour “circles; HMA 4
great circle parallel to the-dial plane. Draw the
vertical ZB perp. to HMA. Then M will be the
new place, upon the meridian NS, where the plane
is upright, and PM the complement of ics lati-
tude. Theretore in the right angled {pherical
triangle ZBM, there is given the angle BZM the
declination, and the fide ZB the reclination; to
find the angle BMZ the complement of the decli-
nation at M; and the hypothenufe ZM, which
fubtratted from PZ the comp. of the latitude,
when the plane runs between the zenith and pole,
(otherwife PZ fubtratted from it, when the plane
1s below the pole), leaves PM, the complement

of the new latitude.
C 2 Car.
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Cor. 1. As cofine of the old declination

Radius :

So tangent. reclination :

Tangent of an arch. And the difference between
this arch and the complement of the latitude, is the
complement of the new latitude.

For (by Cafe g. right angled fpherical triangles)
cof. BZM : rad : : tan. BZ : tan. ZM.

Cor. 2. Radius :
Sine of the declination : :
Cofine — reclination :
Sine —— new declination.
For (by Cafe 8.) rad : S.BZM : : cof. BZ : cof,
BMZ.
PR OP. XVI Prob.

The declination and reclination of a plane being gi-
ven 5 to find the new latitude, and longitude, where it
Shall be a diredt north or fouth upright plane.

Let NS be the meridian as before, Z the zenith,
P the pole, and HMA the great circle, to which
the dial plane is parallel. Draw the meridian PF1,
perpendicular to the given circle HMA, then F is
the place where the plane becomes a direct north
or fouth vertical plane. And drawing ZB perp. to
HMA. I1n the triangle BMZ there i1s given the
reclination BZ, and declination = angle BZM, to
find ZM and angle BMZ, as in the laft Prop.
Then in the triangle PMF right angled at F' ; there
is given PM and angle PMF ; to find the comple-
ment of new lat. PF, and difference of longitude
MPF,

Cor. 1. Let B = PM (the difference between MZ
gnd the comp. of the latitude. 9 ben)
Radius :
Sine of B 1 :
Cofine
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 Cofine = declination at M : Fig.

Cofine — new latitude.
For (by Cafe 2.) rad : S.PM : : S PMF : S.PF.

Cor. 2. Radius :
Cofine of B : :

Tan. PMF :

Cotan. MPF the diff. longitude, (by Cafe 3.)
Or thus,

Radius -

Cotan. B : :

Cotan. new latitude -
Cofine — diff. longitude.

For (by Cale 4.) Rad : Cotan. PM : : Tan. PF :
Cof. MPF.

PRYOP, " XVII
Any dial whatever, whether direét, declining, or in-
clining, c. made for any latitude, will fhew the
time truly, in all places of the fame latitude, provi-
ded it be placed in a like fituation, in regard to the
meridian of the place that is, provided it have the
fame declination, reclination, and borizontal pofition.

For if the dial be placed alike in different places

under the fame parallel, the thadow of the gno-
mon, at the fame hour of the day, cannot but fall
upon the fame hour lines. For imagine two dials
to be made for two fuch different places; there
being exaltly the fame data for both; the {ame
hour lines and every thing elfe will be the fame in
both. And that they may both go true in their
refpective places, for the apparent time, there is

 nothing more required, than to give them both
the {ame fituation.

Cor. 1. Any fort of dial made for one place, will
go true in any other place, tho in a different latitude,
and longitude; provided it be fet in a proper fituation.

3 For
3
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Fig.  For by this Prop. if it be removed to any place
in the fame parallel, or of a different longitude
and placed alike, in regard to the meridian, ho-
rizon, &c. it will go truly there, for that place.
And by Cor, 1. Prop. X. if the {ame dial be remo-
ved from this fecond place to a third place, under
the fame meridian ; and {et there in a quite parallel
pofition, to that it had in the fecond place ; it will
go truly at this third place. Therefore it would
go aiike at all the three places.

Cor. 2, Any dial made for any place of the world,
will go truly at any other place of the world, being
placed in a proper pofition. :

P.RiQ P, ANVIHL 9Proj,
To find the requifites for a borizontal dial.

Here is nothing required, but the latitude of
the place; from which the angles of the feveral
hour lines with the 12 o’clock line muft be found.

Let NESW be the horizon, NS the meridian,
P the pole, Z the zenith; P¢, Pd, Pg, &c. the
feveral hour circles upon the fphere. Then we are
to find the arches N¢, Nd, Ng, &c. or the an-
gles at the center Z of the circle NESW. There-
fore in the right angled fpherical triangle PN,
there is given PN the latitude of the place, and
angle NP¢, which is 15 deg. for an hour, 30 deg.
for 2 hours, 45 deg. for 3 hours, &c. to find the
oppofite fide N¢, or Nd, or Ng, &c. which are the
hour angles.

Cor. 1. Radius :

Sine of the latitude : 3

Tan. hour arch :

Tan. bour angle.

For (by Cale 7. right angled fpherical triangles,)
Rad ; S.PN :: tan, NP, or the correfpondent an:l;_

0
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of the equino&ial : tan. N¢, which is the meafure of Fig.
the hour angle: : and {o tan. NP4 : tan. N4, &c. 7.

Cor. 2. A borizontal dial made for fouth latitude,
will ferve equally for the fame degree of north latitude
turning the [outh end to the north, and reckoning the
bours the contrary way from the meridian.

BAR O P IS Pral;

T'o find the requifites for an ereli direli faéfrb or north
dial.

Here the height of the pole above the plane muft 7.
be had, and this 1s equal to the complement of the
latitude. Therefore let NESW be the horizon, Z
the zenith, P the pole; WZE the plane of the
dial. Then the pole is elevated above the plane
of the dial, the arch PZ, which is the complement
of NP, or the complement of the latitude. Then
if the hour circles P1, P2, P3, &c. be drawn, cut-
ting the right circle WZE in ¢, 7, 5, &c. Then to
find the arches Zg, Zr, Zs, &c. In the right an-
gled {pherical triangle PZq, there i1s given PZ the
complement of the latitude, and the angle ZPg ;
to find the arch Zg, or the angle at the center.
And the like for the arches Zr, Zs, &c, in the tri-
angles ZPr, ZPs, &c.

Cor. 1. Radius :
Cofine-latitude : :
T angent-bour arch :
Tang. hour angle.
For (by Cafe 7.) rad : S.PZ : : tan. ZPg : tan.
Zgq ::tan. ZPr:tan. Zr, &c.

Cor. 2. Inadirest fouth or north inclining dial, the
Jame analogy muft be ufed, only taking for the fecond
term, the fine of the pole’s beight above the dial plane 5
to be found by Prop. XI.

C 4 Cor.



24
Fig.
o

DAL LITNG

Cor. 3. 4 direét fouth dial, is a borizontal dial on
the fouth fide of the globe; and a north dial, on the
north fide.

PR O P XX Praly

To find the requifites, for ered declining dials.

Here the latitude of the place, and the declina-
tion of the plane muft be given; and what is fur-
ther wanted muft be found from thefe. And that
1s, 1. the height of the pole above your dial plane.
2. The diftance of the fubftile from 12 o’clock.
And 3. the plane’s difference of longitude.

Let NESW be the horizon, C its center, NS
the meridian, P the pole, and Z the zenith; HA
the declining vertical plane 3 P1, P2, P3, &c me-
ridians or hour circles, cutting the circle HA in #,
v, &c. Let the meridian Pv2 be perpendicular to
HA, then the plane of the meridian Pvz will be
perpendicular to the plane of the dial ; and there-
fore the angle ZPv is the plane’s difference of lon-
gitude 'by Def. 21), and the arch Pv 1s the height
of the pole above the plane. And the arch Zv 1s
the fubftile diftance from the meridian. Therefore

- 1n the right angled fpherical triangle PZv, all the

3 requifites will be found. For we have FZ the
complement of the latitude, and the angle PZA
the complement of the declination AZE ; from
whence will be found Pv, Zv, and the angle ZPv.

Cor. 1. As radius
Sine declination : :
Cotan latitude +

Tan. [ubfile's diffance from 12 o’clock, and lies

© the contrary way as tke declination.

For (by Cafe 1. of right angled {pherical trian-
eles), rad : cof. PZv : : tan. PZ : tan. Zv.

Cor,
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Cor. 2. Radius:
Cofine declination : :
Cofine-latitude :
Sine flile’s beight.
For (by Cafe 2), rad : S.PZ::S5.PZv: S.Pv.

Caor. 9. 18 thiﬁaa‘e: 52 Z
Radius : a7

Tan. decf:mtmn 2

Tan. plane’s diff. longitude. (

For (by Cafe 3), rad : cof. PZ: : tan. P
ZPv :: tan. ZPv : cotan. PZv,

Cor. 4. For the bour angles, it will be,
As radius :
Sin. pole’s beight :
Tan. bour arch from the meridian of the plane :
Tan. bour angle from the fubfiile.

For let Pz1 be any hour circle; in the triangle
Prov, there is given the pole’s height Pv, and the
hour arch, equal to the angle /Pv; to find v, (by
Cafe 7), rad : S.Pv:: tan. tPwv: tan. fv = angle at
the center, or the hour angle.

That all the requifites are rightly found from
thefe proportions, will appear thus. The planes
of the two meridians PZ, Pv, interfect one another
on the {phere, in an angle ZPv, equal to the
plane’s difference of longitude. And the fame me-
ridians, interfect the plane of the dial in an angle
equal to ZV, as it {hould be. For they interfect
one another in the center of the fphere, which is
the center of the dial. And they interfect the
dial plane HA in Z and 2. and Zv meafures that
angle at the center. And for the fame reafon, v
meafures the hour angle from the fubftile.

Again Pv meafures the angle of the ftile above
the fubftile. For Pv is perpendicular to HA, and
the arch Pv meafures the anglc formed at the cen-
ter of the fphere, which is the center of the dial;

one
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Fig. one fide being the axis drawn from P, the other
7. the fubftile drawn from V. ,

Allo ZPv has been fhewn to be the plane’s dif-
ference of longitude.

Cor. 5. The plane’s dif. longitude on the [phere, is
converted into the [ubflile’s diftance from 12, by the
interfection of the two meridians (of the place and of
the plane), with the dial plane.

For the angle ZPv exprefles one, and arch Zv
the other. -

Cor. 6. And cvery bour angle on the [phere, is
converted into the hour angle in the dial, by the in-
terfeition of the fame two bour circles, with the plane
of the dial.

For the angle tPv exprefles the hour angle on
the fphere, and #p the angle at the center,

SEHOLI U M.

Tho’ the rules laid down in thefe Corollaries are
{fufficient for finding the feveral requifites ; yet by
having other data, they may be found by other
proportions, fome of which for variety, I thall here
fet down,

In Cor. 1. For finding the fubftile’s diftance.
Cof. pole’s beight above the plane (Pv) :
Sine-latitude (cof. PZ) : :

Radius :
Cof. fubfpile’s dift. from 12.
By Cale 6,
Or Radius : ; .
Sin. declination (cof. PZv) : :
Tan. pole’s beight above the plane (Pv) :
Sin. fubflile’s diffance (Zv).
By Cale 10.
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In Cor 2. For finding the ftile’s height,

Cof. [ubftile’s diftance (Zv) :
Sin. latitude (cof. PL) ¢ :
Radius -
Cof. ftile’s beight (Pv),

By Cafe 6.

Or Radius

Sin. fubftile’s diftance (Zv) :
Cotan. declination (tan. PLv) :
Tan. fiile's beight (Pv),

By Cale 7.

In Cor. 3. For the plane’s diff. longitude.
Cof. latitude (S.PZL):
Radius : :
- Sin. fubfile's diftance (Zv):
Sin. plane’s diff. longitude (ZPv).
By Cafe 5.
Or Radius :
; Tan. latitude (cotan, PZL) : :
Tan. fiile’s berght (Pv) :
Cof. plane’s dif. longitude (ZPv).
By Cafe 4.
Or Radius :
Cof. declination (S.PZv) : :
Cof. [ubflile’s diftance (Zv) :
Cof. plane’s dif. longitude (ZPv).
By Cafe 8.
Or Cof. flile’s beight (Pv) :
Sin. declination (cof. PZw) 1+
Radius :
Sin. plane’s dif. longitude (ZPv ).
By Cafe 11,
Or Sin. file’s beight (Pv) :
Radius : :
Tan. [ubltile’s diftance (Zv) :
Tan. plane’s dif. longitude (ZPv).

By Cafe 13, PROF

27
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PR OP. XXI Prob.

To find the requifites for a direit eaft or weft incli-
ning or reclining dial.

The latitude of the place and the reclination of
the plane muft be given. And from thefe muft be
found, 1. The height of the pole above the plane.
2. The {ubftile’s diftance from 12 o’cock. 3. The
plane’s difference of longitude.

Let HZON be the meridian, HO the horizon,
ZN the prime vertical; P the pole, Z the zenith.
HFO the inclining plane. Let the meridian PFD
be perpendicular to HFO. Then the plane of the
meridian PFD will be perpendicular to the plane
of the dial, and PF will be the meridian of the

plane (Def. 19.), and OPF the plane’s difference
of' longitude (Def 21.) alfo PF (or angle PCF)
will be the height of the pole above the plane.
And FO (or angle FCO) the diftance of the fub-
ftile from the mendmn Therefore in the right an-
gled {pherical triangle PFO, there 1s given PO
the latitude of the plar:e, and the angle POF the

reclination or proclination of the plane; to find
FO, FP, and angle OPF,

Cor. 1. Radius :

Cof. reclination (or proclination) : :

Tan. latitude : : _

Tan. fubfiile’s diff. from 12 o’clock 3 running
upwards towards the north, or downwards tewards
the fouth.

Far (by Cafe 1), tad: cof “BOF:i: tan. OF &
tan. OF = angle OCF, which the meridian FC
(or fubftile) makes with CO the 12 o’clock line,
(or meridian of the place), at C the center of the
dial.

Cor,
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Cor. 2. Radius: Fig.
Sin. latitude : : 8.
Sin. reclination (or proclination)
Sin. ile’s beight.
For (by Cafe 2.) rad : S.OP : : S.POF : S.PF
— angle PCF, which the ftile PC makes with the
fubftile FC, at C the center of the dial.

Cor 3. Radius -
Cof. latitude : :
Tan. reclination (or proclination) :
Cotan. plane’s dif. longitude.
For (by Cafe 3.) rad : cof. OP :: tan. POF : co-
tan. OPF = angle made by the meridian of the
place, and that of the plane.

Cor. 4. For the bour angles, it will be,
As radius :
Sin. pole’s beight abave the plane : :
Tan. bour arch, from the meridian of the plane :
Tan. bour angle from the [ubftile.

For, drawing any hour circle PID, in the right
angled fpherical triangle PFI, there is given PF,
and angle FPI, to find FI; by Cafe 7. Rad : S.PF
: : tan. FPI: tan. FI = angle FCI, which the cor-
refpondent hour line on the dial makes with the
fubitile, at the center.

The calculation in the triangle OPF is for an
eaft dial; but for a weft dial, let A be the pole,
and draw the meridian AGB perpendicular to HGO;
then there are the fame data in the triangle AGH,
as in PFO ; whence the fame things will be found
for a weft dial.

ScHoOLI UM,

Other rules for finding the requifites may be de-
duced from the fame triangle CPF, as.follows.

Cor. 1. For the fubftile’s diftance.
As Cof. pole’s height above the plane (PF) :
o Cqf.
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Or

As

Or

As

DIALLING

Cof. latitude (PO) : :
Radius :
Cof. fubft. diff. from 12 o’clock (FO).

By Cale 6.
Radius :-
Cotan. reclination (POF) : ¢
Tan. flile’s beight, or pole’s beight (PF) :
Sin. fubltile’s difkance (FO).

By Calfe 10.

Cor. 2. For finding the ftile’s height.
Cof. fubftile’s diftance (FO) :
Cof. latitude (PO) : :

Radius :
Cof. ftile’s beight (PF).

By Cafe 6.
Radius :
Sin. fubfile’s difiance (FO} : ¢
Tan. reclination (POF ) :
Tan. flile's beight (PF).

By Cafe 7.

Cor. 3. For the plane’s diff. longitude.
Radius :
Cotan, latitude (PO) :
Tan. beight of the pole aﬁaw the plane (PF )
Cof. p&me s dif. longitude (EPO).
By Cafe 4.

Or Cof. Pole’s beight above me pfdﬁf (PE):

Cof. reclination ( POF )2

Radius :

Sin. plane’s dif. longitude (FPO).
By Cafe 11.

Or Sin. laritude (OP) :

Radius - -
Sin. fubftile’s diffance (FO) ¢
Sin. plane’s diff. longitude (FPO).
By Cale 5.
PROP
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Fig.
PR OP XXII Prob.

To find the requifites for fouth declining reclining
dials.

Here muft be given the latitude of -the place,
and the declination and reclination of the plane
and from thefe muft be computed, 1. The height
of the meridian. 2. The height ‘of the pole
above the plane. 3. The diftance of the ‘fubitile
from the hour line of 12, And 4. The plane’s
difference of longitude.

Let WPASH reprefent the fphere, C its center, 7.
WNES the horizon, NS the meridian, WQE the
equinoctial, P the pole, Z the zenith, and HMA
the plane of the dml Draw the meridian PF1
perpendicular to the circle HBA ; then the plane
of this meridian will be perp end:cular to the plane:
of the dial, and therefore PF will be the meridian
of the plane, and the angle MPF ‘the plane’s dif-
ference of longitude, and PF the height of ‘the
pole above the plane, and MF the fubftile’s dif-
tance from 12, and MA the height of the meri-
dian. Therefore all the requifites will be found in
the triangles NAM and PMF, right angled at N
and F. Therefore in the triangle NWAM, there is
given NA the complement of the declination AE,
and angle NAM the complement of the reclina-
tion MAZ; to find AM, NM, and angle NMA.
And the latitude NP being ‘given, PM will'be
known. Then in the triangle MPF, there is gi-

ven PM, and the angle PMF to find MF, PF,
and an-:rlf: MPF, as 1Lqmred

Cor, 1. Sin. reclination :
Radius: -
Cotan. declination -
Tan. beight of the meridian.

For
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DIALLING.

For (by Cafe g, right angled fpherical triangles),
cof, MAN : rad :: tan. NA :tan. AM = angle
ACM at the center_of the {phere, or of the dial,
contained between the horizontal line CA, and the
meridian CM or 12 a clock,

Cor. 2." Radius *
Cof. declination : :
Cotan. reclination :
Tan. of an arch A.

Then put B = difference between A and the latitude.
If A is lefs, your pole is elevated ; if greater, the op-
pofite pole. -
Then Cotangent of B :

Cof. reclination : :

Sin, declination :

Tan. fubftile’s difflance from 12. And the [ubflile
runs upwards towards the north in reclining S.planes,
and their oppofite incliners.

For in the triangle NAM (by Cafe 7), rad :
SNA::tan. NAM:tan.NM = A ; then NM —
NP = PM =B. Alfo (by Cafe 8), rad : S.NAM

::cof., NA : cof. NMA = S.NAM xdccf. NA.
ra

And in the triangle MFP, (by Cafe 1), cot. PM : rad
::rad:tan.PM : : col. NMA ( = S.NﬁBE:lcr}f g
: tan. MF = SNAM Rl o o angle MCF,

. cotan. MP :
at the center, and in the plane of the dial.

Cor. 3. Cof. fubflile’s diftance :
Cof. B::
Radius : |
Cof fiile’s beignot.
For (by Cafe 6), cof. MF : cof. MIP (B):: rad :
cof. PF = angle PCF at the center of the dial, CF
being in 1ts plane, 1s the {ubftile,

Cors
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.+ Cor. 4. Sine of B : Fig-
Radius : : 74
- Sim. (ubfiile’s diftance :
Sin. plane’s diff. longitude.
For (by Cafe 5), S.PM (B): rad:: SMF .
S.MPF = angle on the fphere, between the meri-
dian of the plane, and the meridian of the place.

Cor. 5. For the bour angles it will be
As Radits : "
Sin. pole’s beight above the plane 1 :
Tan. bour arch from the meridian of the plane :
Tan. bour angle from the fubfiile.

For drawing any hour circle Po3, interfecting
the circle HMA ino. Then there will be given
the angle FPo, contained between the meridian of
the plane PFi, and the meridian Po3. Therefore
in the right angled triangle PFo, there is given
PF the height of the pole above the plane, and
angle FPo, to find Fo by cafe 7. Rad: S.PF::
tan. FPo : tan. Fo = angle FCo, at the center of
the dial, made betweén the Tubftile ZF, and the
hour line Co correfponding ta the hour circle Po.

-~ Cor. 6. The height of the meridian is equal to the

angle made at the center of the dial, by the 12 o'clock
line, and the borizontal line ; and fhews how much
the 12 o’clock line is elevated above the borizon 3 and
it runs ypwards in reckning planes, and downwwards in
proclining dnes, towards tbe fame band as the decling-
tiom is,

For MA is the meafure of the angle MCA con-
tained between the 12 o’clock hour line MC, and
the horizontal line CA ; being in the plane of the
dial ACHM ; and the angular point at C, the cen-
ter of the dial.

For the famle reafon MF, or the angle MCF,
thews what angle the 12 o’clock line MC makes

D with
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Fig. with the fubftile CF, at the center C; the triangle
7. MCF being in the plane of the dial. And like-
wife Fo or angle FCo fhews the angle contained
berween the fubftile FC and the hour line Fo; the -
triangle FCo being alfo in the plain of the dial;
and {o of others.

Here the plane of the dial ABH falls between
the zenith and the pole, but if it pafs between the
pole and the horizon, the calculation will be the
{ame ; and then the pole P will be elevated on the
other fide of the plane. But if the dial plane
pafs thro’ the pole, then B will be o; and MF,
PF, are-o; FHence

Cor. 7. If A (NM) is greater than the latitude
(NP), the pole is depreffed below the plane, and the op-
pofite pole elevated above if.  If A is lefs than the
latitude, the pole is elevated above it. If they be
equal, the pole falls inthe plane of the dial; and then
MF, PF, are nothing.

For when A = latitude, B —o. ,

Cor. 8. When the reclining plane falls in the pole 3
then to find the plane’s difference of longitude, it will’
oe,

As radius :

Sin. latitude : <

Tan. declination :

Tan. plane’s dif. longitude.

For when M approaches near to P, the triangle
MPF will be a plane triangle, and the angle MPF
(the plane’s dif. longitnde) will be the complement
of PMF or NMA, that is, when M falls upon P,
the plane’s dif. longitude will be the complement
of NPA. Therefore in the triangle NPA, there
are given NP the latitude, and NA the comp. de-
clination, to find the angle NPA (by Cafe 13),
S.NP: rad: : tan. NA :tan, NPA : : cotan. NPA 3
cotan. NA. |

Other-
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Otherwife thus. Fig,
Radius : | ‘9,
S. declination : 3
Cof. rechnation :
S. plane’s dif. longitude.
For (by Cafe 8), rad : SNAP :: cofl NA : cof.
NPA. And other proportions may eafily be found
to do the fame thing, as this which follows.
Cof. latitude (NP) :
S. reclination (cof. NAP) : :
Radius :
Cof. dif. longitude (SNPA).

Cor. 9. The fame rules ferve equally for an inclining
plane, ufing the proclination inflead of the reclination
but bere A will always be greater than 9o degrees
and the oppofite pole always elevated above your plane.

For then the point M falls between Z and S.

ScuoLiuwm.

From the fame two triangles NAM, and PMF,
other rules for finding the requifites may be dedu-
ced; fuch are the following.

In Cor. 2. For the {ubftile’s diftance.
As Radius :
Cof. reclination (SNAM) :
Sin. declination (cof, NA) : :
Cof. an angle M (NMA ),
Then Radius :
Cof. M (PMF) ::
Tan. B (PM) : .
Tan. fubftile’s diffance (MF).
By Cafe 1.
Or Cof. pole’s beight above the plane (PF) ¢
Cof. B(PM) ::
Radius :
Cof. [ubflile’s diffance (MF ).
By Cafe 2.
D2 Or
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Fig. Or Radius :
2. Cotan. M (PMF) :
Tan. pole’s beight aﬁave the plane (PF) :
Sin. ﬁffﬁﬁiff’: dfﬂaﬁfﬂ (MF).
By Cafe 1o0.
Or Cotan. declination (tan. NA) ¢
- Tan. pole’s beight above the plane (PF) @ ¢
Sine of A (NM) :
Sin. fubfile’s diffance (MF).
This appears’ from Cor. 1. Prop. 24. Seét. III.
Trigonometry.

In Cor. 3. for the angle of the flile’s height.

As Radius :
Sine of B (PM): :
. Sine of M (PMF) :
. Sin. file’s beight above the plane (PF).
By Cale 2

Or Cof. J/‘#E_rﬂzie’.r d ﬁ:@me (MF) -

Cq/' ne of B (PM) :
C@f Rile’s beight (PF).
By Cafe 6.

Or Radius :
Tangent of M (PMF) : :
Sin. fubltile’s diftance (MF) :
Tan. jiile’s beight (PF),
By Cafe 7.
 Or Size of A (NM) :
Sin. fubftile’s diftance (MF): :
Cotan. declination (tan. NA) :
Tan. ftile’s beight (PF).

By Cor. 1. Prop. 27. Sect. IlIl. Trigonometry.,
Or Sin. beight of the meridian (MA) :
Sine of B (PM) : :

Cof.
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Cof. declination (S.NA) : Fig.
Sin. ftile’s beight (PF). _ =
By Cor. 1. Prop. 26. Sect. IIl. Trigonometry.

In Cor. 4. For the plane’s dif. longitude,

As Radius : :
Cofine of B (PM) : :
Tangent of M (PMF) :
Cotan. plane’s dif. longitude (MPF).
By Cafe 3.
Or Radius :
Cotan. B (PM) : :
Tan. pole’s beight above the plane (PF) :
Cof. plane's dif. longitude (MPF).
By Cafe 4.
Or Cof. ftile’s beight (PF) :
Cof. M (PMF] : :
Radius :
Sin. plane’s dif. longitude {MPF),
By Cafe 11.
Or Cof. pole’s beight above the plane (PF) :
Sin. declination (cof. NA) : :
Cof. reclination (SNAM) :
Sin. plane’s dif. longitude (MPF).
For (by Cafe 8), rad : cof. NA : SNAM : cof.

NMA = cof. NA x S'NAM, and rad : cof. PF ::

r
S.MPF : cof. PMF or NMA = o PF e S.MPF |

therefore cof. NA x SNAM = cof. PF x S.MPF.

It may be obferved, that inftead of the two tri-
angles NAM, and MBF, the two triangles BZM
and MBF may be made ufe of, the triangle BZM
being complemental to the triangle NAM ; from
which two triangles the very fame conclufions will

follow as befurt?

12,3 PR O
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PR OP. XXIL Prob

To find the requifites for a north declining, reclining
dial.

Here alfo the latitude of the place, and the de-
clination and reclination of the plane muft be gi-
ven; to find, r.the height of the meridian. 2.
The height of the pole above the plane. 3. The
diftance of the fubftile from the hour line of 12.
4. The plane’s difference of longitude, as before.

As in the laft Prob. Let WNES be the horizon,
NS the meridian, P the pole, Z the zenith, and
HMA the plane of the dial, and PF an hour cir-
cle perpendicular to it, which will be the meridian
of the plane. Let ZB be alfo perpendicular ta
HBA. Then all the requifites will be found 1n

the right angled triangles ZBM and PFM. There-
fore,

In the triangle BMZ, there is given the angle
MZB the declination equal toa EZA, and ZB the
reclination of the plane; to find BM, ZM, and
angle ZMB; and having ZP the complement of
the latitude, PM will be = PZ 4+ ZM. Then in

the triangle MPF, there 1s given PM and angle
PMF; to find the fubftile’s diftance MF, the

ftile’s height PF, and plane’s dif. longitude MPF
or MPf.

Cor. 1. Sin. reclination :
Radius : ¢
Cotan. declination :
Tan. beight of the meridian, running upe
wards, lowards the fame band as th¢ declination. But
10 the contrary band, in procliners.

For (by Cafe 7), rad: S.ZB: : tan. MZB : tan.
BM::cot. BM: cot. MZB. And here HM being

the
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the height of the meridian, lies now towards theFig.
weit ; which was towards the eaft, when the recli- ge
nation of the plane was northward.

Cor. 2. Radius :
Cof. declination : :
Cotan. reclination :
Cotan. of an arch A.
Then put B = A - complement of the latitude.
And the north pole is always elevated in recliners.
Then Cotan B -
Cof. reclination :
Sin. declination :
Tan. [ubftile’s diftance from 12 5 which will
be greater than 9o°, when B (PM) is greater than
o°.
: For in the triangle ZMB (by Cafe g), cof. BZM
:rad::tan. ZD : tan. ZM (AY: : cot. ZM :cot. ZB.
And in the trlangle NAM (by Cafe 8), .rad:
S.NAM : : cof. NA : cof. NMA or PMf =

S.NAM deOf- L T e triangle PMf (by
ra

Cafe 1), rad: cof. PMF :: tan. B:tan. FM. Or
cotan. B : rad : : cof, PMF (S‘NAM A N‘r}) -

rad ;
tan. FM or fM = tan. {fubftile’s diftance.

Cor. 3. Cof. fubflile’s diffance :

Cof. arch B : :

Radius :

Cof. fiile’s beight. And if B is greater
than 9o°, the flile’s beight is greater than 9o°; or it
will appear elevated towards the north part of the

lane.
# For in the triangle MPf (by Cafe 6), cof. MF:
cof.'NIP(B); :rad: eof. FPor fP.

D 4 Cor
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Fig. Cor. 4. Sine of B :

Q.

Radius -
Sin. fubftile’s diftance -
Sin. plane’s dif. longitude.

For in the triangle MPf (by Cafe 5), S.PM (B) :
radius : : S.MF : S.MPF or MPf the dif. longitude,
or the angle on the globe between the meridian of
the place and that of the plane.

Cor. 5. Radius :
Sin. pole’s beight above the plane : :
Tan. bour arch from merid. of the plane :
Tan. bour angle from the fubftile.

This is demonftrated as in Cor. 5. Prop. XXII.

Cor. 6. When A is equal to the latitude, then B is
equal to 9o degrees s and the [usfiile’s diftance, and alfo
the plane’s difference of longitude, are each go degrees.

For (by Cor. 2), cotan. B (0) : cof. reclination : :
fin. dechination : infinity = tan. {ubft. diftance
= 90°.  And (Cor. 4.) S.B (rad: radius : : S.{ubft.
diftance (9o) : S.plane’s dif. longitude = radius,
the fine of go.

Cor. 7. The requifites may alfo be found by the anas
logies laid down in the Schol. of the laft Prop. firft find-
ing A and B by this Prop. |

Cor. 8. When A — the latitude, then the [ule's
beight will be equal to the angle ZNB, and therefore
Radius :
Sin. declination : :
Cof. reclination :
Cof. frile’s beight.

For when ZM = latitude, M falls upon Q,
the interfeftion of the equinoétial and meridian,
and then PM =go° — oppofite angle PFM, There-
fore the fide PF (or ftile’s height) = its oppofite
angle PMFE. Therefore in the triangle ZMB, to

find
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find the angle M (by Cafe 8), rad : S.MZB : : cof. Fig.

ZR : cof. angle M = PF.

Or thus.
Sin. latitide :
Radius 2 :
Sin. reclination :
Sin. [tile's beight.
For (by Cafe 5), S.ZM:rad :: S.ZB: S.ZMB
— S.ftile’s height PF.
Or thus.
Radius -
Cof. latitude : :
Tan. declination :
Cotan. ftile’s beight,
«  For (by Cafe 2), rad : cof. ZM :: tan. MZB :
cot. ZMB or PMF = PF. :

Cor. 9. In all thefe dials, the fubflile lies to the
contrary fide in regard to the declination. Or the
Subftile lies always northward (in north latitude) from
the upper part of the 12 o’clock line.

For the ftile 1s a line fixt in pofition, and there-
fore a moveable plane being made to decline, to
either hand, the fubftile (which is perpendicular
under the ftile} muft needs lie to the other hand.
And fo the {ubftile lies northward from the upper
part of the meridian, or fouthward from the lower
part.

Cor. 10. The fame rules that ferve for finding the
requifites in a reclining fouth plane, will ferve eqaally
for finding the requifitesin its oppofite north incliner or
procliner 5 and lie on the fame band, if you face the,
plane.  But the contrary pole will be elevated.

For by Prop. VII. The fame hours belong to
both fides of the plane; and therefore the fame
requifites; fince the inclination of the plane ;m

g

9.



Fig. the horizon continues the fame, and likewife the
9. declination ; only in one, they lie eaft, in the other
- wett.

Cor. 11. Hence alfo the fame requifites and the
Jame bours belong equally to two dials, that bave equal
declinations, one eaffward, the other weffward 5~ the
inclination, if any, remaining the fame. But then
they all lie towards contrary bands.

For as there are the fame data in both, the quan-
tity of thefe requifites, and of the hour angles, muft
needs remain the fame; and differ only in quality,
or in their pofition towards the right and left.

PR OP. XER

In any dial whatever, if a line be drawn parallel to
any bour line, tointer[eé the other bour lines, and note
the fixth bour line from this. Then any two bour
lines on each fide this fixth, which are equidiftant in |
bours, will alfo be equidifiant along this parallel line.

11.  Let the plane CGLH be perpendicular to the
earth’s axis paffing thro’ C, CA any hour line, and
CD another at fix hours diftance. Then fince in
this cafe, all the hour angles about C, as BCD,
DCF, are equal ; therefore ACD being fix hours,
1s a right angle.

‘Now fuppofe GabdfE is any other plane, pafiing
alfo through GCH, cutting the planes of thefe
hour circles, in the lines Ca, Cé, Cd, Cf; which
will be the correfpondent hour lines in that plane.
Alfo let the plane B4fF be parallel to the plane of
the hour circle CAa, and therefore perpendicx1lar
to the plane GLH, cutting the former plane GabdfE
in the line &fE, and the planes of the hour circles,
i the lines Ba, Dd, Ef; which confequently will
be perpendicular to the plane GLH, and therefore

' parallel
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parallel to one another.  Alfo L is parallel to Ca, F:g

by Prop. 11. B. V. Geometry.
~ Now flince CD is perpendicular to BE, and the
angles BCD, DCF, ¢qual; therefore BD = DF.
Whence in the triangle BJE, fince B, Dd, Ff are
paraliels, and BD = DF, therefore 4d = df. That
1s, in any dial plane CaddfE, if the line JE be
drawn parallel to Ca, to cut the hour line Cd, fix
hours from it, and feveral more Cb), Cf, on each
fidz; then thofe that are equidiftant on each fide in

hours, are alfo equidiftant, in the line 44E, fet con-
trary ways from Cd. ;

Cor. From hence you have a method of drawing all
the bour lines in the dial, if you have feven of them
drawn.

As fuppofe you have the hour lines C8, Co,
Cio, C11, Ci2, Ci1, and C2, drawn; and you
want to draw Cy7, C6, Cj5, C4. To the hour line
C2 draw the parallel &g, cutting the given hour
lines in d, 4, 0, p, 9. From 4 in the hour
line C8 (which is fix hours from C2;) make
df = db, dgy = do, db = dp, and dk = dgq; and
thro’ f, g, b, &, draw the hour lines Cy, C6, Cs,
C4.

Or if you want the hour lines on the right hand,
it is but drawing a parallel to Cd, or C8, and pro-
ceeding as before. |

Alfo in any inclining or declining dial, when
half the hour lines are drawn, the other half may
be drawn, by drawing a parallel to the fixth hour
line, to cut the reft; and transferring the diftan-
ces of thefe hour lines, to the oppofite {ide of the
laft hour line; which parallel ferves for a line of
cqntingence.

Having now fhewn how the requifites are found
~in all forts of dials, from:the rules of fpherical trigo-

nometry, on which they depend; 1 {hall now refolve

{ome

11,

12¢
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Fig.fome problems relating to the time of the fun’s
12. fthining on thefe dial planes, which likewife depend

10,

on {pherical trigonometry.

In the foregoing problems, 1 have all along fup-
pofed the dial was to be drawn upon its parallel
great circle, inftead of the plane of the dial ; fince
1t is the fame thing, by Cor. 3. Prop. L For by
reafon of the immtnf& diftance of' the fun,; and the
paralleliim of its rays, the motion of the fhadow
of the ftile among the hour lines, muft be the very
fame in both. In what follows I fhall alfo ufe the
parallel great circle inftead of the dial plane ; for
the fun will be in the plane of both, at the fame
inftant ; and therefore will begin to thine on both,
or leave thining on both, at the fame moment of
time.

PROP XXV.. B

A direit north reclining dial plane being given; 1o
find the time of the year, when the fun will totally
leave ome fide of the plane, and fhine upon the other.

The fun is in the plane of any grear circle, at
the points where his parallel of declination cuts that
great circle, and therefore the time muft be calcu-
lated when he isin thefe points, And at that time
he is going off one fide of the plane to go upon
the other fide. But when he wholly goes off one
fide of a plane, the fun’s parallel muft touch the
other fide of the plane, in the meridian; if the
plane is direét north or fouth. |

Let HZO be the meridian, EQ_the equinoftial,
Z the zenith, P the pole. Take the difference
between the latitude of the place, and the reclina-
tion of the plane; and that will be the latituderof
the place where the dial plane is perpendicular to
the horizon. And this will be nerth latitude, when
the latitude of the place is greater than the recli-

nation s



Sedt. 1. DAL N, 45

ration ; but fouth, if lefs, And this new latitude Fig.
of the plane will be the fun’s declination, when it ;0.
quite leaves the plane; from whence the day of
the year is known.

For if ZA is the reclination, then the plane will
be vertical at A, therefore AC is the dial plane,
and the {un’s parallel AB touches it in A. There-
fore whilft the fun advances from A towards P,
it will fhine altogether on the fide of the plane to-
wards P, having quite left the other fide. There-
fore the fun’s declination EA will thew the time of
leaving the fide towards H.

Examp.

Suppofe a north plane leans fouthward 35 degrees, in
Iat. 545 5 to find the time of the fun’s leaving the fouth
fide. 1

Here 35 fubtratted from 541 leaves 1g* for the
fun’s declination EA 5 and this anfwers to May 18,
when 1t quite leaves the fouth fide going northward.
Alfo 1n its return towards the fouth, on July 26,
it begins again to thine on the fouth fide, leaving
the fame declination as before.

. Cor. 1. Hence if the difference between the latitude

of the place and the reclination of the plane, exceeds
the fun’s greateft declinationy the fun [bines on both
fides of the plane, till be paffes the equator, and then
be fbines only on that fide next the equator.

For then the plane AC will be interfeted by
every parallel of declination ; till he come to the
equinoctial. But beyond the equino&ial, the in-
terfection is below the horizon, when the fun fhines
not. - So when the fun is between E and H, he
thines only on the fide AC towards E.

Cor. 2. When the latitnde is equal to the reclina-
tion, the fun fbines balf a year on one fide, and balf
8 year on the other fide of the plane.

For
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Fig. For then A falls upon E, and the plané EC be~
10. comes parallel to the circles of declination.

Cor. 3. When the latitude of the place is greater
than 235 degrees, a diref? fouth vertical or reclining
dial plane, bas the fun fbining on both fides of the

. plane, every day, whilft the fun is in the northern

Signs. But only on the fouth fide, when in the fouth-
ern figns. :

Cor. 4. When a north vecliner, veclines fo much,
as that the point A falls more than 235 deg. beyond L
towards H 5 all the phanomena will be contrary.

Cor. 5. By the fame means, in any dial plane, bow-

ever fituated, whether declining, inclining, ¢, the
time of the year may be found, when the [un quite
leaves one fide of the plane.
- For if AC be the dial plane, which will be a di-
rect fouth plane in fome longitude or other (by
Prop. XVL.) Then by having the height of the
pole above the plane, which is PA; you will find
its diftance from the equinottial EA, by {ubftrac-
ting from go, then will EA be the fun’s declina-
tion, when the fun leaves the fouth fide. And the
fun’s declination being had, the time is known.
And hence,

Cor. 6. Tke fun will always leave fhining upon one
Jide of a plane, at the fawme time of the year, when
the pole’s béight abeve the plane is the [ame, let it5s
pofition, in other refpefls, be what it will,

PURYE P XY Prad,

Having the [ituation of any dirett fouth inclining
dial plang y to find the bour of the day, when the fun
leaves the north Jide, to fbine on the fouth fide of it. |

The height of the pole above the plane muft
firt be found ; for which add the proclination ﬂit;
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the complement of the latitude, when it leans fouth. Fig.
Then fay, 13
As radius : .
Tan. fun’s declination : :
T an. beight of the pole above the plane :
Cof. bour angle at the pole, from noon.

Then that angle reduced to time, thews how
long before or after noon, the fun begins to fhine
on the fouth fide. :

For let HAO be the meridian, EQ_the equi-
nottial, Z the zenith, P the pole, AC the incli-
ned dial plane. Draw the fun’s parallel of decli-
nation RL, to interfect the plane in S, and draw
the hour circle SP. And when the funisin S, it -
1s juft going off the north fide upon the fouth fide
of the plane. Therefore in the right angled fphe-
rical triangle APS, it is (by Cafe 4), rad : cotan.

SP : : tan. AP: cof. angle APS; which converted
into time gives the hour before and after noon,
when the fun is in S.

Cor. 1. If the plane AC paffes thro® the pole P, or
the 6 o'clock hour circle. The fun paffes from the
north fide to the fouth fide always at 6 o’clock. ™ And

in the winter months, the fun fbines not at all on the
north fide.

Cor. 2. If the plane fall below the pole, or lyetb
between CP and CO; the fun goes off the north fide
before the bour of fin in the morning ; and goes on
again after fix in the evening.

Cor. 3. If the plane fall in with the equator, the
Jun fbines all the day on one fide 5 being on that fide to-
wards which the declination is. :

For if EC be the plane, it thines on the north
fide only, when it has the north declination ER ;
and on the fouth {ide, when it has {outh declina-
tion.

Cor.
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Yig. - Cor. 4. In a north recliner, where the reclination

15 greater than the latitude 5 the fun never lbines on the
Jouth fide in the fuminer months.

Cor. In all dial planes, where the beight of the pole
above the plane is the fame; the fun goes off at the
Jame bour of the day, reckoning time for each, at the
Place where it is a direll fouth dial.

P RO XXVI Prob.

- Tofind the bour of the déy when the [un Zm.ws one
JSide of a wvertical declining plane, to fhine upon the
other.

To do this we muft firft find the time from noon,
when the fun leaves one fide of a direct north or
fouth plane, to thine on the other, by the laft Prop.
And it the plane declines eaft ; to the time found,
add the plane’s diff. longitude in time, and the fum
will be the diftance of time before noon, when the
{fun leaves the north fide. But fubtratt the plane’s
dif. longitude from the time found, and you will
have the time of leaving the fouth fide. But if
the plane declines weft, the faid difference of time
will fhew the diftance of time before nocn, when
the fun begins to fhine on the fouth fide ; and the
fum will thew the time of leaving the {fouth fide.

Examp.

Suppofe a plane declining ealt 25 deg. in lat. 5471
Where the beight of the pole PB above the plane is
'31° 45, and the plane’s dif. longitud&ZPB is 29 48.
And the fun’s declination 18° north.

e |
-

As Radius — — 10.
Tan. fun’s declination (18) Q.51177
Tan. pole’s beight (31 45) 9.79156

Cof. bour angle at the pole 78 24 9-30333 .

Dif
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Dif. longitude 29 48 Fig.
1.
Jum 108 12 :

dif. S

Then 108 12 reduced to time gives 7* 13™ be.
fore noon; that is, at 4* 47™ in the morning, or a
little after {un rife, when the fun comes upon the
fouth fidee And 48° 36’ reduced to time is
3" 14™; and fo it goes off the fouth fide again, at
near a quarter paflt three,

But if the plane had declined weft, the fun
‘would have come on, 3 14 before 12, “that "is, at
8" 46™; and gone off again at 7* 13",

Orherwife thus.

Let PB be the meridian, P the pole, Z the ze-
hith, and SZA the dial plane. Let SBA be the
fun’s parallel, and draw PI perpendicular to SA.
Then A will be the place of the fun when it be-
gins to thine on the fouth fide of the plane, and
S his place when he goes off it. iy
Then in the oblique fpherical triangle ZPA we
have given, PA the complement of the fun’s de-
clination, PZ the complement of the latitude, and

angle PZA the complement of the plane’s decli-
-nation.  Alfo in the triangle SPZ; the fame things
“are given, viz. SP, PZ, and SZP; from hence to
-find the angles ZPA and ZPS, by Cafe 2, of ob-

ligue triangles.
Radius - — 10.
S. latitude (cof PZ) 54° 30 9.91068
Cotan. plane’s declination (tan. PZA)25° 10.33133

Cotan. ZPI, 29 48 —_ 10.24201

E Then
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| Then
Tan. lat. 54 30 (cot. ZP) 10.14673
Tan. fun’s declin. 18° (cot. PA) 9.5117%7
Cof. ZP!, 29 48 S — 9.93840
19.45017
Cﬂf- API or SPI, ?8 24 " 9.30344

Then to API, 48 24. from SPI, 48 24
add ZPI, 29 48. f{fubt. ZPI, 29 48

APZ = 108 12. SPZ = 48 36.

which reduced to time, give the fame anfwer as
before.

PR OP. XXVill. Frob.

To find the bour of any day, when the fun goes off
the eaft fide of an eaft reclining dial plane, to fhine
upon the weft fide.

The day being had, the fun’s declination is known;
therefore,

As Radius :

Tan. fun’s declination : :

Tan. pole’s height abeve the plane -

Cof. bour angle from 12 at the pole, which will
be greater than 9o°, where the [un’s declination is north.
Then fubtrai? the plane’s difference of longitude from
this angle, and the remaining angle, converted into
time, gives the bour after 12 at noon, when the fun
leaves the eafl fide.

For if HZO be the meridian, P the pole, Z the
zenith, HFO the dial plane, PF an hour circle per-
pendicular to HFO. Then the plane’s dif. longi-
tude 1s RPZ equal to OPF, which is the dif. lon-
gitude from Z. But the hour angle found before,
is the time of the {un’s going off the plane HFO,
after the noon at the other place, that is, after that

' hour
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hour in the morning that correfponds to that dif. Fig.
longitude. Therefore fubtracting the diff. longi- 8.
tude RPZ from the hour angle found before ; the
remainder reduced to time, fhews how long after
12 a clock the fun goes off the plane.

And if it be a wefl reclining plane, then the time
laft found will fhew, bow long before 12 the fun comes
upon the weft fide, or leaves the eaft fide.

Example.
An eaft plane reclines 35 degrees, in lat 515, The
pole’s beight above the plane, 26 413 the fun’s decli-
wation, 234 worth; and the plane’s diff. longitude,

66 27.
Radius — 1I0.
Tan. fun’s decl. 23% 9.63830

Tan. pole’s beight, 26 41 9.70120

Cof. bour angle, 102 38. 9.3395;—
Then from 102 38
fubt. 66 27

rem. 36 11 = 2 hours 24 min. after 12,

when the fun goes off the plane.

Otherwife thus.

Let NB be the meridian, N the north point of
the meridian, P the pole, BSA the fun’s parallel
for that day. Then in the oblique {pherical trian-
gle NPS; there are given NP the latitude, PS the
complement of the fun’s declination, and the angle
PNS the reclination of the plane; to find the an«
gle NPS or BPS, by Cafe 2, Let Pl be perpgndi-
cular to NS, Then ;

15.

Radius - 10,

Cof. latitude (NP) 51+ 9.79414
Tan. reclination (PNS) 35 9.84523
Cotan. NPI, 66 27 9.62937

E 2 Then
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15.

16.

PIALLING
Then Cotan. latitude (NP) 51+ 9.90060
Cof. NP1, 66 27 — g 60157
Tan. fur’s decl. (cotan. SP) 233 9.63830
Cof. SPI, 27 22 19.2398
add NPI, 66 28 9.33992?%

143 50, which taken from 180,
leaves BPS = 36 10, which reduced to time is
2b 24™ as before.

RO, XXX S Prob.

To find when the fun goes off any eaft declining plane,
that paffes thro’ the pole 5 or comes upon a weft declin-
ing one,

As fine of the latitude :

Radius : : |

Cotan. plane’s declination :

Tan. bour angle (from 12) at the pole.

This converted into time gives the hour after 12,

‘when the fun goes off an eaft declining plane. And

fo many hours before 12 it comes upon a weft de-
clining plane, paffing thro’ the poles.

For let NB be the meridian, P the Pole, Z the
zenith, APD the declining plane, which is fome
hour circle, LS the {un’s parallel, S his place when
he goes off the plane. Then in the right angled
fpherical triangle PNA, we have given PN the la-
titude, NA the complemf:nt of the declination ; g

‘to find the angle NPA, by Cafe 13, SNP: Ra-
-dius ; : Tan. NA: Tan. NPA or DPB, the hour

angle after 12, that the fun at S goes off the eaft
fide.

Lxamp.
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g ol _ Examp. Fig..
Let the plane decline 65 degrees, in lat. 54+, 16,
S. latitude 545 9.91068
Radius e 10.
Cotan. declin. 65 ' 9.66867%

Tan. bour angle, 29 48  9.75799

And 29 48 reduced to time, is 1* 59", when the
fun goes off the caft fide upon the weft fide. And
if it was a welt declining plane, the fun would
come on at 10" 1™

P.R.O Pia XXX, Prob.

Having given a fouth reclining dial plane, declining
eaft or weft 3 to find the bour of a given day, when
the fun comes on or goes off the fouth fide.

Find firft the height of the pole above the plane,
and the plane’s difference of longitude, by Prop.
XXII.© Then by Prop. XXVI, find the hour angle,
as if it was a direct fouth plane; to this add the
plane’s dif. longitude, and it gives the hour angle
from noon, when the fun comes uponit; and from
the hour angle fubtract the plane’s diff. longitude,
for the hour angle of going off. This is for an
eaft decliner. And do the contrary for a weft de-
cliner.

Example.

Let the latitude be g1L, the declination 33° eaff, ~ *
and reclination 55.  Whence the beight of the pole is
19 25, and longitude of the plane 17 42 ;5 and the

Jun's declination 29+

Then Radius — 10.
Tan. fun’s declin, 23% 9.63830
Tan. pole’s beight, 19 25 9.54713
Cof. bour angle, 9ﬁ8 49, 9.18543

E 3 being
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Fig. being greater than a right angle, when the plane

A7

falls below the pole.
Then hour angle 08 49

diff. longitude 17 42
. “lom 116 41 = 71 4bY
diff. Bl s ks

So that the fun comes upon plane 7* 46™ before
12, and leaves it at 5" 25™. But in a weft de-
cliner it comes on, 5" 25™ before 12, and goes
off at 7" 46m.

For let NPB be the meridian, P the pole, Z the
zenith, AMD the dial plane, SLs the fun’s parallel.
Draw the hour circle FPL perpendicular to the
circle AFD. Then the fun comes upon the fouth
fide of the plane at 5, and goes off at S. Draw the
meridians PS, Ps. Then fince the meridian PF is
perpendicular to the plane, PF is the height of
the pole, and MPF or ZPL, is the plane’s diff.
longitude. But in the right angled triangle FPS,
there is given FP the pole’s height, and PS the

complement of the {un’s declination ; therefore by

Cale 4. rad: cotan. PS:: tan. PF : cofin. SPF or
sPF, lefs than a right angle; therefore SPL is
areater than a right angle. Whence sPL. 4+ LPZ
— sPZ the angle before noon ; and SPL — LPZ
— SPZ the angle after noon. Thefe angles re-
duced to time, thew when the fun comes upon the
plane at s, and when he goes off it at S.

PRO P XXX Prob,

Having a north reclining dial plane, declining eaft
or weft 5 to find the hour of any day, when the fun
goes upon the norils fide.

Find the pole’s height akove the plane, and the®
plane’s difference of longitude. Then find the
hour angle (by Prop, XXVIL.) as if it was a dj&i

re
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re&t fouth plane. Then the difference of the hour Fig.
angle and plane’s longitude, reduced to time, thews 18.
the diftance of time from noon, when the fun comes
upon the north fide of the weft decliner ; which is
before noon, when the plane’s lﬂngltude i1s bigger,
otherwife after noon. But in an eaft decliner, that
diftance of time muft be taken after noon when the
plane’s longitude is greater, otherwife before noon;
and fhews when the fun comes upon the fouth fide
of it.
- Example.

Suppofe the latitude 51%. Pole’s beight 4 45.
Plane’s dif. longitude 121 15. Sun’s declination fouth
15°; the plane declining weft.

Then, Radius ~— . £0.

Tan. fun’s decl. 15 9.42804
Tan, pole’s beight, 54°45 10.15074
Cof. hour angle 112 17% 957379

from T2If s
take .- 112 17

8 58 = 36 minutes.

So the fun comes upon the north fide 36 minutes
before noon. If the plane had declined eaft, it
would go off 36 minutes after noon, and go upon
the {fouth fide.

Let NPB be the meridian, P the pole, Z the
zenith, AMD the dial plane, SL the {fun’s parallel,
S the fun’s place when in the plane. Draw the
fun’s hour circles, PS; and LPF, perpendicular
to the dial plane AFS. Then PF is the pole’s
height, and MPF the plane’s dif. longitude. And
in the right angled triangle FPS, we have FP, and
PS, the fun’s diftance from the pole; to ﬁnd thf:
angle SPF (by Cafe 4), rad. : cotan. PS : : tan.

Pt : cof. SPF, which will be greater than a r:ght
E ; angle,
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Fig. angle, when PS is greater, and PF lefs, than a
- 18. right angle. Then MPF — SPF = MPS, which

19.

is before noon, as S is on the eaft fide of the meri-

dian.

PR QOP XXXII. " Prob.

To deferibe the confirultion, nature, and ufe of the
common dialling [cales 5 or of fuch lines and [cales as
are commonly made ufe of, in drawing daials.

The lines on the common dialling {cales are thefe.
1. A {cule or line of hours 3 marked Aours on the

afcale.

2. A line of degrees anfwerable to the hours, for
it is no moie than the hours in degrees. This is
marked luclin. M. or inclination of meridians.

2. The pext is the line of latitudes, marked
Latit. And at the end of it, there is a fmall line of
chords to 5o. | L LR

4. Then there is a large line of chords, the whole
length of the fcale. |

5 and 6. Thefe are the two polar lines, a greater
and a lefs, and marked G. Pol. and L. Pol.. Thele
two lines may be continued ad infinitum.

Their Conftrutiion.

Draw the line GB, and on anfg point C as a
center, defcribe the circle ADB; and draw CDI

. perpendicular to it, to divide the femicircle into

. Cg, Cas e tocusGlin ¥, 2,3, 456, 6. . Then

two quadrants AD and DB. Then,

1. Let the quadrant AD be divided into degrees,
make AH = HD = 45 degrees, and draw the ra-
dius CH, and GHI perpendicular to it. Then
GH and HI are tangents at H, and GH, or HI
= radius CH. Thro’ the points », r, r, &c. at
15, 30, 45, &c. degrees, draw the lines C1, Ca,

Gl
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Gl is the line of hours. But if lines be drawn Fig.
“thro’. s, s, 5, &c.. ‘at 10,,20, 30, &c. dégrees, 19,
(and alfo thro’ the intermediate degrees), to cut the
line GI; and numbered 10, 20, 30, &c. then
~ you have the line, incil. mer. or the fecond line on
the fcale, which is only the firlt line reduced to de-
rees. |
2 2, Forthe line of latitudes. Thro’ s, s, 5, &c.
or the points of 10, 20, 30, &c. degrees, draw
parallels to AC, as sm, sm, &c. cutting CD in
m, m, &c. Then thro’ m, ms m, &c. draw Am,
Am, Am, &c. cutting the quadrant BD in #, #,
#, &c. Draw BF parallel to CD; and transfer
the lengths Bz, Bn, Bn, &c. upon the line BF,
to 10, 20, 30, &c. And if the fame be done with
all the intermediate degrees, then BF will be a
line of latitudes. And the whole length of this
line of laritudes, 1s equal to BD or AD the chord
of go°.
| 39; The line G. Pol. and L. Pol. are no more *
~than two lines of tangents, reduced to hours. The
radius of the greater, is the radius of the {mall
line of chords, at the end of the line of latitudes,
and this radius is half AC.

Cor. 1. Put radius AC = r, fin. latitude Cm = s,
2r's

Virr ~+- 55

then the length on the line of latitude 5 =

for that latitude.
For draw B#. Then the triangles ACm, ABx

are fimilar; whence Am (/rr 4 s5s) : Cm (s) 2 ¢

2y
AB (2r) : Bn or B2o = -

Vrr + 55
Cor. 2. If t = tan. latitude ; then the length on

the line of latitudes = S W Jor any latitude.

- Vrr + 24t
' For




58

Fig.
19.

18.

20.

DIALLING.
For the fecant (/77 + #£) : tangent (¢) : : radus

(r) : the fine s = e =Cm. And Am =

rr =+ £t
(WAC! 4+ Cw* =) Jﬂ_’*’iﬁ, whence

Ay ‘v/rr -+ i

, " rr 4 a1t ir

O s Tl - 3
Am( ‘t/rr-'l-ﬂ) 3 (\/rr-}-ff) %)
8 s

rr+m

Cor. 3. Puty = fine of the arch, whofe tangent
is /23 then y3/2 = length on the line, Bn.
rin/ 2

rory = — fine of the arch whofe

—, ——

Virr 4 21t
tangent is #,/2.
The Ufe.

To draw a dial by the fcale. Let C be the cen-
ter of the dial, draw the fubftile CD, and ACB
perpendicular to it. Then having the height of
the pole above the plane, take it from the line of
latitudes, and fet it from C to A and from C to B.
Then take the whole length of the line of hours,
and {etting one foot of the compaffes in A or B,
with the other crofs the line CD in D. Draw the
lines AD and BD. Then get the feveral hour
arches from the meridian of the plane, and count-
ing them on the fcale of hours, fet them from D
towards A, and from D towards B, in the lines
DA, DB. And from C, draw lines thro’ all thefe
points, for the hour lines, as Ci, C2, C3, C4, Cs,
and C13, Cro, Co, X R (.

The ufe of the two polar lines is only for draw-
ing fuch dials as have no centers; or where the dial
plane goes thro’ the poles.  And the radius of each
1s the length of 3 hours on the fcale, to be ufed.

To fhew the truth of this operation, :
Bifect
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Bife& BD in O, then will BO or OD = r, and Fig.

fince BD = 27, and CB = e e hdCh = %
rr + 5§
2rr B(_‘,‘ s
He CB: = s Whenee' == = &)
MEY Vrr 4 s DC r

Now by conftruétion DO is a {cale of tangents of
_ the hour arches ; and the numbers on the line ex-
prefs thefe hour arches. And as OD is the tangent
of 45° (or radius), and OA the tangent of an other
arch ; therefore AD is the difference of the tangents
of thefe two arches; which being known, the dif-
ference of the arches will be known ; and this is
the hour arch correfponding to DA. For (by Cor,

DO —0A
E S. L BuR.T >
2. Prop. 9. rigon. ) O+0&xr or
%;’ X 7 = tan. this hour arch. ButCD :CB::
r : 5, and in the triangle CDB, CD : DB ::#: tan.
CDB ; therefore s = tan. CDB Let fall AF per-
pendicular to CD.  Then in the triangles CFA and
DFA, r: AF : : cotan. FDA : DF : cotan. FCA :
CF ; and alternately, CF : DF : : cotan. FCA : cot.
FDA ::tan. FDA : tan. FCA : : BA : DA, (be-
caufe DFA, DCB are fimilar triangles). Whenee,

tan. FCA = % ¥ tan. FDA ; and r X tan. FCA

— DA, « s = tan, hour arch X s. Therefore r:

BA

s : : tan. hourarch : tan, FCA the hour angle, which
is the fame proportion, as in Cor. Prnp XVIIL
and therefore is truly foynd.

If Ca be an hour line, and Dz greater than DO ;
then Da is the fum of the tangcnts OD, Oa; and
(by Cor. Prop. VIIIL. ib.) the san. fum of the arches
__ DO 404 o Da

PO 0a Ba

r = tan. hour arch, corre-

fponding
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fponding to Da, on the line. Alfo tan. fCa =

?ix'tan.fDa, and X tan. fCa = b et
Ba - Ba

hour arch % s. Whence as before, it will be, 7 : 5 : :
tan. hour arch : tan. hour angle fCa,
" Alfo if A or a fall upon O, then » = tan. hour
arch, and tan. hour angle DCO = s.
" Laftly, if OA = Oaq, then Bz = DA; and CA,

Ca will be hour lines, whofe hour arches are equi-

diftant from CO, or the third hour.

ScHOLIUM.

_ There are feveral other lines put upon fcales for
dialling, but are only particular, as being made for
fome particular latitude only. Thefe lines are, 1.
A line of chords. 2. A line of the fubftile’s diftance
from the meridian. 3. A line for the height of the
ftile above the plane. 4. A line of the angle of the
hours of 12 and 6. 5. A line of the plane’s diff.
Jongitude, or inchnation of meridians. All thefe
are calculated forjevery degree of declination, by
Prop. XX. for fome particular latitude, as that of
London; and put on a fcale together. And thus
the feveral requifites for any declining dial are had

‘by indpection.  Its ufe i1s no more than this, count

the plane’s declination in the line of chords; and
2 line drawn direétly crofs, will cut all the other
Iines in their proper points, which the numbers
will thew ; and fo give all the requifites without
calculation. And thefe requifites being had, the

dial may be drawn by this Prop.

When a {cale of this fort is not to be had, the
requifites may be found by Gunter’s fcale; extend-

.ing upon the feveral lines, according to the feveral
‘rules and proportions laid down for that purpofe.

o B CAs
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Zbe Prattical Part of Dialling, or the
Art of drawing Dials upon all forts
of Planes. How to find the Situation
of a Plane; and how to place any
Dial truly.

P R oOuB: ol
To find the meridian line of any plane.

F the plane be even, ere&t a pin on it perpen- 22.

dicular to the plane, but if not, procure a plain
board GH of an equal thlcknefs, and faften it to
the plane ; upon which ereét an iron pin CF about
the middle, nearly perpf:ndmular, and of a pro-
per length; and let it be fharp at the top ; then
take a wooden ruler, with a fharp ircn pin in one
end ; and lay the other end upon the fharp end of
the iron pin F, which is faft in the board; then
carry the other end fteadily about; the {mall pin
in the ruler will defcribe a circle ADB, upon the
board. Obferve two times in the day, when the
fhadow of the top of the iron pin F, falls upon
the circumference of the circle, and mark the tWo
points as at A and B. Bifet the arch A8,
the point D; and from D, draw a line DE thro
the center of the circle, “which is eafily found.
Then DE is the meridian of the plane.

Or you may defcribe a circle round the center C,

and raife the pin CF upon that point C, to caft a
; fhadow ;
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F 1g fhadow ; but then the pin CF muft be exatly per-
22, pendicular to the plane at C,

23.

If the day be cloudy, the fhadow may happen
not to fall twice upon one circle ; therefore it may
be proper to defcribe feveral circles, that it may
fall upon fome of them twice. And if two points
in feveral circles be marked, they will one correét
another, and the operation will be more exaét.

To know whether the pin is perpendicular to
the plane or not ; fet one point of the compafies in
fome point of the circle, and extend the other to
the top of the pin F; then if you fet it in any
point of the circle, the fame extent will always
reach to the point F, when the pin is truly per-
pendicular.

It is certain, when the fun does not change his
declination, (as he does not fenfibly in 12 hours),
that he will have equal altitudes at equal diftances
on each fide the meridian. And therefore if CD be
the meridian of the plane, the arches AD and BD
muft be equal.

PR Bl LE

To find the inclination of any plane to the borizon.

Let ABC be the plane, apply one fide of a qua-
drant to the plane, fo that the plummet may fall
exaltly on the other fide ; the firft fide will be ho-
rizontal ; therefore draw aline DF along that fide,
which will be the horizontal line of the plane. If
you cannot apply a quadrant, then ufe a carpen-
ter’s fquare or a level. To the line EF, draw the
perpendicular EL, which will be the vertical line
of the plane. To this vertical line EL, apply a
ftreight ruler EK ; and to the end K, beyond the
plane, apply the quadrant GH, on the under fide ;
and obferve what number of degrees are cut by

the
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the line and plummetat I, reckoning from the ru- Fig,
ler; as GI, and that will be the reclination of the , 2
plane ; or its proclination, if it lean forward. For
inclining planes, a quadrant may be applied di-
retly, to the vertical line.

Or thus.

Apply the fide of a {quare to the line EL, on the
plane; and apply the fide of a quadrant to. the o-
ther fide as KH ; then fee what angle your line
and plummet makes with the firft fide EK, as
LKI, and that is the reclination or proclination of
the plane. If the line KI hang along the line
KH, then your plane is horizontal; if along the
fide KL, it is vertical. .

It by turning the rule and quadrant all manner
of ways on the plane, the perp. line Kl always
falls on the fide KH ; then the plane is truly hori- -
zontal. And the like for the fquare and quadrant.

PROB L
To find the declination of any plane.

Place a board DM with one fide of 1t clofe to
the wall or plane EF, and to lie with its upper fur- ;
face exactly horizontal; there fix it. Upon this
board, as it lies, find a meridian line MC (by Prob.
1.), and draw a line on the board to reprefent it.
Then lay a quadrant AMB flat upon the board,
with one fide clofe to the plane, and {o, that the
center C may be in the meridiar line, and the bo-
dy of the quadrant, to that hand where the acute
angle lies. Then note the degrees of the quadrant,
cut by the meridian line, reckoning from the per-
pendicular fide of the quadrant CB, then that,
viz. the angle MCB will be the declination. And

the
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Fig. the declination will be to the right hand, if the
24. quadrant lie to the left ; and the contrary.
If you know when it is juft noon, you may get
a meridian line thus, hold up a plumb line, fo as
the thadow of it may fall upon your plane ; mark
two points of the fhadow, and draw a line thro’
them, and that fhall be the meridian line of the
place. And if the plane be horizontal or direct
north or fouth ; it will be the meridian of the plane
too.
Otberwife thus.

‘This may alfo be done by a compafs and mag-
netical needle. 'This is fixt in a box, {quare on all
fides; and to ufe it, apply the north fide of the
box to a {outh wall or plane; and the fouth fide
to a north wall, fo asthe box may lie horizontally.
Then obferve how many degrees the needle is from
the flower-de-luce when it refts, (having due regard
to the variation) ; and fo much will the declination
be. And if the needle points towards the right
hand, the declination is to the right hand, and the
contrary, in fouth planes. But in north planes,
if the needle points toward the right hand, the de-
clination is to the left, and the contrary. You muft
mind that no iron be near the compafs. The va-
riation is 175 deg. weft in Lngland.

Or 1hus.

This method is aftronomical, and the moft ex-
alt; buc it is proper to-have an affiftant ; for two
ﬂbfer»atmnq are required to be made at the {amie
time; the firft to find the diftance of the f{un’s
azimuth, from the vertical of the plane; and the
fecond, to find his altitude.

For the firft, draw a horizontal line upon the
plane, and apply one edge of a quadrant ro it, fo
as the limb ot the quadﬂnt be towards the fund

an
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and holding it horizontal, let an affiftant hold up a Fig,
thread and plummet in the {un, fo that the fhadow

of the thread may pafs thro’ the center of the qua-
drant; then obferve the degrees which the fhadow

of the quadrant falls upon, counting them from the
perpendicular fide, and you have the {un’s azimuth,

1 refpect of the plane’s vertical circle.

Again to find his azimuith in refpect of the me-
" fidian, his altdtude muft immediately be taken;
and his declination being known, from the day of
the month ; his azimuth will be found by Cafe 11,
of oblique fpherical triangles. ¢

Thefe two azimuths being had; it is eafy to
know, whether the vertical of the plane lies to the
eaft or weft of the meridian. For if the {un’s azi-
muth from the meridian be greater, the plane de-
clines towards the fun ; but if lefs, it declines from
the fun; that is, when both azimuths Iye one way.
And then the declination is the difference of thefe
azimuths.

But if the azimuths lie cortrary ways, the plane
declines from the fun; and the fum of thefe azi-
muths is the declination.

If you know the exa& time of noon, and hold
up aline and plummet, before the quadrant at
that time, you will have the plane’s declination at
once, by obferving the fhadow, which muft pafs
thro’ the center of the quadrant.

If you obferve the fun’s altitude, juft when he
comes into that plane; then the fun’s azimuth be-
ing found, gives you the pofition of that plane. '

If your plane be a coarfe wall, nail a long ruler
to it, to which apply your inftruments,

» PROE.
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To draw a dial geometrically upon any plane.

Project the fphere by any method, upon that
great circle of the {phere which is parallel to the
dial plane; and defcribe the feveral hour circles,
and note the places where they interfect the primi-
tive circle. Draw lines from the center thro’ all
thefe points of interfection, and they will be the
hour lines for your dial.

For let NWSE be that great circle, which will
bifect the globe, pafling thro’ the center C. Let
fig. 7. reprefent the globe; P the pole; then CP
will be the earth’s axis, elevated above the plane
of the circle, the quantity of the angle or arch
NP. Then fince the hour circles do all pafs thro’
the axis PC, they all pafs thro’ C, which is in the
plane of that circle ; and the points of interfection
with the primitive, 1, 2, 3, ¢, d, g, &c. being alfo
in the plane of that circle; therefore the hour cir-
cles interfect the primitive in lines which pafs thro’
the center C, and thro’ thefe feveral interfeétions.
And fince the fhadow will be in any line of inter-
fection, when the fun 1s in that hour circle ; there-
fore thefe lines of interfection will be the hour lines ;
that is, lines drawn from C to 1, 2, 3, &c. will be
the feveral hour lines of the dial.

As all the hour circles .in the orthographic pro-

jection of the fphere ' will be ellipfes ; and as thefe

are difficult to defcribe, their interfections with the
primitive will not be got exact enough. Therefore
this fort of projection is no way commodious for

the drawing-of dials, and therefore is never ufed.
In the ftereographic projection, all the circles of
the fphere are circles in the projection, which are
far more eafily defcribed than ellipfes, and far more
correct ;
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corre® ; therefore the interfeCtions with the primi-Fig,
tive will be more exactly obtained ; which makes ”e
this method more commodious for drawing dials ;
and therefore it is often ufed for this purpole.

But in the gnomonical projetion, all the great
circles are projeéted into right lines, which are ftill
eafier to draw than circles; therefore dials are beft
and eafieft drawn by this fort of projeétion; for
which reafon, in what follows, I fhall make ufe of
it in the geometrical conftruction of dials. And
the reafon of the feveral operations, will be obvi-
ous to any body that underftands the nature of this
projection ; and needs no other demonftration. And
the rules of this fort of projeétion, you have in the
laft feion of my Treatife on Projection; and
therefore the dialift ought to be acquainted there-
with, as it is the foundation of all thefe operations.

To proceed in the eafieft method, imagine the
perpendicular height of the ftile to be the radius
of the {fphere, and that the dial plane touches the
{phere at the foot of the ftile; then if the fphere
be projected on that plane, by the eye (or project-
ing point) at the top of the ftile, which 1s the cen-
ter of the {phere ; all the hour circles will be pro-
jected into their proper hour lines, which will tend
to the projected pole, which will be the center of
the dial. ~And the projettions of the lefler circles
will make the reft of the furpiture; and will be
conic fetions. And a line drawn from the top of
the perpendicular ftile to the center of the dial,
will reprefent the earch’s axis, and be the ftile or
gnomon.

In thefe conftructions, the ftile is all along fup-
pofed to be a perpendicular pin; which afterwards
1s eafily changed into a triangular form, by draw-
ing a line from the top of it, to the center of the

dial.
F 2 "PROEB,
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To draw an equinoilial dial, or an horizontal dial
| under the poles.

Since the ftile here muft be a perpendicular pin;
from C the center of the dial, affumed about the
middle of the plane, defcribe the fmall circle 254,
of the fame diameter as the pin, which muft be
cylindrical ; and that circle is to be the foot of the
ftile. Alfo from the fame center C, defcribe ano-
ther circle 1, 2, 3, &c. Draw Co for the meridian,
and parallel thereto, draw 12 & for the 12 o’clock
line, touching the circle 244 in a. Then divide
the outer circle into 24 equal parts, beginning at
12 ; and to the points of divifion, 1, 2, 3, &c.
draw the hour lines, to touch the inner circle to-
wards the fame hand as 12 ¢ was drawn. Then
mark the hour lines with 1, 2, 3, 4, &c. on the
richt hand, and 11, 10, 9, &c. on the left hand ;
and draw another circle including the whole.

Upon the circle aéd eret the pin or ftile, which
muft be perpendicular to the dial plane, and of any
length. Then this will fhew the hour, by the fha-
dow on the left fide.

To fet up this dial in any other latitude, it muft
be placed with the 6 o’clock hour line horizontal,
the 12 o’clock line pointing to the north, and the
fouth edge S raifed above the horizon, to make an
angle with it equal to the complement of the lati-
tude, or the height of the equinoctial; and then
the plane of the dial will be parallel to the equi-
noétial, as it ought to be.

If you draw the hour lines from the center C,
the pin muft diminifh to a point at the top.  And
the divifion of the hours muft then begin at O3
and the fhade of the top will thew the hour ofdthe

ay,



Sec. IL. BEALLING &g

day, among the hour lines. In this dial you need Fig.
draw no more hour lines, than the fun thines on in235.
fummer, if the dial is drawn on the north fide.
Buc if it is drawn on the fouth fide, you need but
draw 12 hours, which is the longeft that the fun
can fhine upon it.
If you have a mind to note the half hours and
_ quarters, you muft divide each hour, 12 1, 12,
23, &c. into two equal parts for half hours, or
into four equal parts for quarters.

7l S5 LS T

To draw a horizontal dial under the equinoliial.

1. Geometrically.

Draw two parallel lines upon your plane, AB 26.
and DE, at a convenient diftance, for infcribing the
hour lines; make MCEF perpendicular thereto.
Fake CF for the height of theitile, and Ce for the
thicknefs thereof ; and draw #¢f parallel to MCF.
With the center F, defcribe the quadrant CH ; and
with the center f, the quadrant ¢G. Divide each
quadrant into f{ix equal parts at », », &c. and
draw lines from the refpetive centers thro’ all the
points of divifion, to interfect the line DE in the
points 1, 2, 3, &c. Then thro’ thefe points 1, 2,
3, 11, 10, @, &c. draw lines parallel to MC or
mc, and thefe will be the hour lines of the dial.

If you divide each hour mw, #n, &c. into two
or four equal parts; and draw lines thro’ thefe
points from the two centers, to interfe¢t DE as
before, then thefe interfections will thew the half
hours or quarters,

Make MK = CF, then will MK3C be the fi-

ure of the ftile, and Cc¢ or Mm its thicknefs;
. which ftile muft be erefted upon the bafe CMuc,
F 2 perpen-
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Fig. perpendicular to the plane of the dial; and the
26, thadow of the top will fhew the hour of the day.

If inftead of leaving a fpace C¢ for the ftile,
you defcribe ‘a {femicircle round F, and divide all
from the center I 3 then fince C and ¢ coincide,
your ftile muft be exceeding thin, or at leaft it
muft be brought to an edge at the top. This is
the readieft way, but then your dial will not be {o
exalt in the middle of the day.

Or inftead of plate for the ftile, it may be an
iron pin, erected pElPLI’lL‘hCLﬂﬂI‘ upon any point of
CM, and its height muft be equal to CF.

Or you may have a plate of any height for the
ftile, with a {fmall hole made thro’ it at the height
of CF, for the fun to fhine through among the
‘hour lines.

The hours muft be numbered on the weft fide
11, 10, 9, 8, &c. and on the eaft fide 1, 2, 3,
4, &c.

This dial is to be placed fo, as its plane may
be parallel to the horizon, and DE pointing eaft
and weft, or CM north and fouth. Or to fix it 1n
any other latitude, the north fide at M muft be
raifed to make an angle above the horizon equal to

the latitude of the place; and CM pointing to the
north.

2. By Calculation.

As radius -
Stile’s beight CF :
So tan. hour aﬂfb (1 °) :

Diftance of the ,%w.t:r from MC (Cr),
00 fan. 304 :

Difiance C2, &ec. _
Then the diftances Cr, C2, C3, &c. fet off

from C to 1, 2, 3, &c. gives the points thro’
which_the afternoon hours are to pafs; and the
fame fet off from ¢ to 11, 10, g, &c. give the

PDlDtS
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oints where the forenoon hours are to pafs.Fig.
Theretore lines drawn thro’ all thefe points parallel 26,
to MC will be the hour lines.

If you would calculate for the half hours and
quarters, you muft fay, as rad : ftile’s height
CF:: fo tan. 3° 45’ :* to the diftance from C, on
the line CE for a quarter: : and {fo tan. 7° 30':
diftance for half an hour : : and fo tan. 11° 15" :
diftance for three quarters : : tan. 18° 45 : dif-
tance for an hour and a quarter, and {o on.

3. By the Scale.

Having drawn the meridian CM, and ¢ paral-
lel to it at a diftance equal to the thicknefs of the
ftile ; from either polar line, which fuits beft, take
the extent from the beginning of the line to [ the
firft hour, and fet from C to 1, and from C to 11
on the line DE ; then take the extent from the be-
ginning, to II, the fecond hour, and fet it from
C to 2, and from ¢ to 10; likewile take the ex-
tent to I1I, the third hour, and fet from C and ¢
to 3 and 9. Do the like with the reft of the hours.

Then lines drawn thro’ thefe points 1, 2, 3, 11,
10, &c. parallel to CM, will be the hour lines of
the dial. And the extent to IlI, or C3, is the
height of the ftile.

If you would have the hour lines of 7 in the
morning, and 5 at night to come in; you muft
find the height of your ftile for that purpofe, thus.
5 hours = 75°. Then {ay, as Radius : CE:: Co-
tan 75° : CF the height of the ftile; and to this
height the dial muft be made.

F 4 P R OB.
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To draw a bhorizontal dial for any latitude.

1. Geometrically.

Take any convenient point P for the center of
your dial, thro’ P draw the meridian DE; at P
make the angle DPR equal to the latitude. Draw
a line parallel to DE, at a diftance equal to the
perpendicular height of the ftile, to cut PR in F.
Otherwife take any point F you pleafe in the line
PR, and draw FC perpendicular to DE, then FC
1s the height, and C the foot of the ftile. Draw
FG perpendicular to FP. Thro’ G draw the con-
tingent line AGB perpendicular to DE, which
here reprefents the equinoctial. l.et Gg be the
thicknefs' of the flile, and draw dge parallel to
DGE.

Or you may proceed thus, having made the an-
gle DPR equal to the lantude, take any point G at
pleafure, thro’ which draw the contingent line AGB,
perpendicular to DE. From G take GF, the
neareft diftance to PR, and fet from G to DD, and
from g to 45 and from the centers G and g, with
any radius, defcribe two quadrants, which divide
into fix equal parts, or hours, beginning at G and

And thro’ the points of divifion, draw lines
from the centers D and 4 to interfe&t AB in the
hour point S, m, m; n, n, &c. Then from the cen-
ters P and p, draw lines thro’ the points m, #, &c.
as Pm, Pm; and Pn, Pn, &c. and thefe will be
the hour lines. The 6 o’clock hour lines muft be
drawn parallel to AB; and the hours before and
after fix, are had by producing the oppofite hour
lines thro’ the center.

Then PFC will be the fDrm of the ftile, which
may be made longer or fhorter by producing PFd

An
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And the ftile is to be placed perpendicular upon Fig,
the plane of the dial; that is, one fide upon the 27.
fubftile PG, and the other upon the fubftile pg;
each fide of the ftile being perpendicular upon
the fubftile ; for the plane of the ftile ought al-
ways to be fet perpendicular on the fubftile, in
any dial. And then the top edge will thew the
hour.

If you allow no fpace Gg or Pp for the thick-
nefs of the ftile, it muft be made exceeding thin
to take up no room; or elfe it muft be made
fharp on the upper edge. And that edge muft
tend direétly to the center.

Inftead of the triangular gnomon PFC, you
may have a perpendicular pin FC, and then the
thadow of the top F, will thew the hour, But the
other is better, becaufe fome part of the fhadow
will always be upon the dial ; but the fhadow of
the top F, foon goes off.

You may alfo have the ftile to be a plate of any
form, with a hole in it for the fun to fhine through ;
which hole muft be at the height CF, perpendicu-
larly over C.

If you would have the half hours and quarters ;
you muft divide every hour in the quadrant into
two or four parts, and draw lines from the cen-
ters D, d, as before, to interfe¢t AB, and thro’
thefe points of interfection, draw lines from the
center of the dial, which will give thefe halves or
quarters. But the quarters may be had near e-
nough, by dividing each half hour into two equal
parts.

And to fave labour, after you have drawn all
the hour lines on one fide of the dial, or for one
half of the day; you may transfer them to the
other fide, for the other half of the day.

As to numbering the hours, thofe on the eaft
fide muft be numbered 1, 2, 3, &c. from PD or

12
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Fig. 12 for the afternoon hours. And thofe on the
27, weft fide 11, 10, 9, &c. which are the forenoon

hours. And the figures are moft commodioufly
placed with their tops towards the center ; becaule
we ftand oppofite to the fun, to fee the hour.

A horizontal dial is the only one, that thews the
hours quite thro’ the day, at all feafons of the
year. For if the fun is up, or above the horizon,
he muft needs fhine upon a horizontal plane, if
nothing ftands in the way.

The outfide of the dial terminating the hour
lines, may be round or {quare or of any form you
will, for it makes no difference whether the hour
lines be long or fhort.

2. By Calculation.
As radius :
Sin. latitude : -
Tan. bour arch :
Tan. bour angle.

'The hour arches are 15°, 300, 450, 600, 75° gO° 4
and if the quarters are taken in, they are 3° 45%,°
peiany T8 Ta , TR0 ; 18T e . 'Supboie
the latitude 5453 then the hour angles, found by
the foregoing rule, for every half hour, will be as
in the following table, '

A Table
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A Table of the hour arches and hour angles,
hour hour

Hours. arches. angles.

4 o° of e B

114 92+ - o) b,

18 Gl | ¥ 0 12 18

of. ¥y 22 320 18 38

X I1 204 10 25 1D

9% 23 37 39 32 00

O 4 45" g o R
8L gL 52 30 46 42
VUL TV 60 © 54 39
T i 67. g0 63 o2
NI N #5 oD 21 Wy
o B 8200 8o 49
VI go ‘o 90 00

Confirutiion.

Take any point P for the center, and draw PD
for the meridian. Take Pp = thicknefs of the
ftile, and draw pd parallel to PD. Make the an-
gles DP X1, and dP1 = 12° 18/. The angles
DPX and dpll = 25 10. And fo of the reft, as
you find them in the table.

Laftly, make the angle DPR = the latitude, for
the ftile.

3. By the Scale.

Afflume any convenient point P for the center
of the djal, thro> which draw the line VI P VI
for the fix a clock hour lines. Make Pp the
thicknefs of the ftile; and thro® P and p draw
the lines PD, pd perpendicular to VI VI, for the
meridian or 12 a clock line. Then on the line of
latitudes on the icale, fetting one foot at the be-

ginning,

75
Fig.
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Fig. ginning, extend the other to the latitude of the

27. place ; and {et that extent from P to 4 and from p
to d, in the fix o’clock line. Then take in your
compafifes the whole length of the line of hours,
and fetting one foot in &, with the other cut the
meridian PD in O ; likewife fet one foot in 4, and
with the other cut the meridian pd in 0; and draw
the lines 40, do. Then extend your compafies
from the beginning of the line of hours to I (or
15°), and fet that extent from O to 11, and from
o to 1 3 and if you will, from & to 7, and from d
to 5; 1in the lines 40, do.

Again extend from the beginning, to II (or
20°) 3 and fet it from O to 10, and from o to 2
and alfo (if you pleafe) from 4 to 8, and from 4
to 4. Likewife take the extent to III (or 45°),
and fet from O to g, and from a to 3. After this
manner go thro’ all the hours. Then lines drawn
from P, thro’ the points 7, 8, 9, 10, 11, give
the forenoon hours. And lines drawn from p, thro®
1, 2, 3, 4, 5, will be the afternoon hour lines.
The hour lines before and after 6, are had by pro-
ducing the reft thro’ the center. _

It you would have the half hours and quarters
fet off by the fcale; you muft extend to thefe half
hours and quarters on the line of hours, and fet
them on the lines ©4 and od, as you did for the
whole hours.

‘The ftile DPR mutt be raifed at right angles,
to the dial, upon the fubftile which here is the {pace
POop ; and muft make an angle with the fubftile
equal to the latitude, as was faid before.

There is alfo a way to conftruct dials, by the
help of dialling tables, fitted to a certain latitude 3
which you may fee in fome books of dialling.

SeHOLIUM,.
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It may be obferved here, that if a2 horizental
dial be made for a place in the torrid zone, to
fhew the hour by the top of the perpendicular ftile
CF. And when the fun 1s in the neareft tropic, or
between the parallel of the place and that tropic
ADL ; the thadow of the ftile CF, upon the dial
NAdgl, will go back twice in the day; once in
the forenoon, and once in the afternoon. For
whilft the {fun 1n the tropic, or parallel circle, moves
thro® AGBDIKL, the fhadow will move thro”
agadklk, and then fets; {o that he goes back thro’
ag, and thro’ £/,

In this cafe the funis twice upon one azimuth
in the morning, and twice in the evening ; and then
the thadow falls twice upon one line. And the arch
ag or k! may be found, by calculating the fun’s
azimuth at A and G, b}r right angled fphfrit:a] tri-
angles.

The like happens to any ftar here, whofe decli-
nation is greater than our latitude.  For fuch a ftar
will be twice upon one azimuth in the eaftern part
of its orbit, and twice in the weftern part. In
great iamtudes fuch a ftar never fets; butin its re-
volution, whilft it 1s aﬂ:endmg in the eaft, it moves
towards the fouth, till fuch time as it rifes per-
pendlcularly, and then its azimuth is the greateft.
Then it returns again towards the north ; fo that
it never gets to the fouth of us.

PERO.B, . ViIL.
To draw an eref? diredd fouth dial,

1. Geometrically.

Take a convenient point C for the foot of the
ftile, thro’ which draw the meridian CDE, Raife
CF

77

Fig.

27
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Fig. CF Perpendicular to CE, and equal to the perpen-
28, dicular height of the ftile. Make the angle CFP

upwards equal to the latitude of the place, to in-
terfect the meridian in P, -then is P the center of
the dial. Draw FG perpendicular to FP, and AGB
perp. to PG.

Or proceed thus, take the point P near the top
of the plane, for the center of the dial; thro’ P
draw the meridian PE ; at' P make the angle EPR
equal to the complement of the latitude. Take
any point G in the line PE, and draw GF per-
pendicular to PR ; or take the neareft diftance from
G to the line PR; thro’ G draw the contingent
line AB, perpendicular to PE, reprefenting here
the equinoctial.

Take Gg equal to the thicknefs of the ftile, and
draw pgq parallel to PGE. Make GD and gg =
GF, and from the centers D and ¢, with any ra-
dius, defcribe two quadrants .G, Myg. Divide
each quadrant into fix equal parts or hours, each
15° beginning at G and g. From the centers D,
g, draw lines thro’ the points of divifion, to cut
AB in the hour points m, m; and #, #, &c. Then
lines drawn from the centers P and p, thro’ all the
points m, #, &c. will be the hour lines. The
half hours, &c. are drawn the {fame way.

And the perpendicular pin FC will be the ftile,
or which is better, the triangle RPG ; which muft
be fet perpendicular upon the hour lines of 12,
PG and pg; the ftile PR pointing downwards to-
wards the fouth pole.

Note, all the lines except the hour lines, fhould
be obfcure lines, or fuch as may be rubbed out.

‘When the lines do not interfect within the plane,
as at the Arft divifion towards L and M. Take
half the line gg in your compafies, and running one
foot along the line gB, till the other foot fall upon
the line ¢¢ at ¢, (keeping the feet of the compalfles

10k
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in a parallel pofition), thro’ ¢ draw ¢z parallel toFig.
79 ; and fet off ba = half gp ; then draw pa for the 28

hour line.

Set the forenoon hours on the left hand and the
afternoon hours on the right, with the tops of the
figures upwards, in which pofition only, they can
be read.

2. By Calculation.

As radius *

Cof. latitude : :
Tan. bour arch :
Tan. bour angle.

Here the height of the pole above the plane is
the complement of the latitude. Here as in the
laft Prob. the hour arches are 15°, 30°, 45°, &c.
fnr whole hours; and 3° 45, 7° 320, 11° 15/, 18°
45, &c. for quarters. Then having found the
hour angles, by the foregoing rule, put them or-
derly in a table, as in the laft Prob. which for the
lat. 542 will be as follows, for whole hours.

A Table of hour arches and angles.

hour hour
oL arches. | angles.
XII & o 0°* ¢
X1 I I5 O 8 51
X II | "30' 70 18 32
X« HI| sy ® 36 <'g
vill' Iy |60 0 45 10
VIEC Nl vt 0 65 14
VI Qo © go o]
Conftruition.

Take any point P near the top of the plane, for
the center of the dial; draw the meridran or 12
o’clock
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Fig. o’clock line PE, and pe parallel to it, at a diftance
2.8. equal to the thicknefs of the ftile. Then with ex-
tent of 60 from a line of chords, defcribe two
quadrants, from the centers P and p. Then fet
off the feveral hour angles as you find them in the
table, both ways from the lines PE and pe, upon
thefe quadrants. And thro’ the points, draw lines;
from the centers P,.p, for the hour lines. Thus
EPXI, and epl, is the firft hour angle. FPX| and
¢pIl the {fecond hour angle, &c.
Laftly, make the angle EPR = complement of
the latitude, for the ftile, to be fet upright upon
the hour of 12.

3. By the Scale.

Take the point P near the top of the plane for
the center, and draw the meridian PE, and pe pa-
rallel to it, at a diftance equal to the thicknefs of
the ftile ; and thro’ P draw the 6 o’clock lines per-
pendicular to PE. Then from the line of lati-
tudes on the fcale, take off the extent from the
beginning to the complement of latitude, and fe:
that extent from P to &, and from p tod. Then
take the whole length of the line of hours, or in-
clination of meridians; and fetting one foot in &,
crofs the meridian with the other foot at Q. Like-
wife with one foot in 4, crofs the line pe in ¢; and
draw 20, do. Then take the extent from the be-
ginning, to I, 1I, III, &c. hours (or to 15°, 30°,
45° &c.) and fet from O to 11, 10, 9, &c. and
from o to 1, 2, 3, &c. refpeltively. Then draw
lines from P thro’ all the points 11, 10, 9, &c.
and from p thro’ 1, 2, 3, &c. and thefe will be the
hour lines of the dial. The forenoon hours are to
be numbered towards the weft ; and the afternoon
hours towards the eaft. Then make the angle
EPF equal to the complement of the latitude, for
the {uile.

PR OB.
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Fig.
P'R“O B 1% 2%,

To draw a dired north Dial,

1. Geometrically.

Draw a dire¢t fouth dial for the fame latitude,
and turn it upfide down, and fetting its face north-
ward, it will be a dire& north dial; and the ftile
will point upwards towards the north pole. Burt
the hours muft be numbered the contrary way from
the fubftile; thofe to weft, are the morning hours,
and thofe to the eaft, the evening hours. And the
midnight hours muft be left our, becaufe the fun
thines not then; and the hour lines of 7 and 8
in the morning, and 4 and 5 at night muft be
drawn thro’ the center, as in the harizontal dial.
It is evident the fun never fhines upon this dial,

but only in the fummer half year.

2. By Calculation.

As radius :

Cof. latitude : :
T an. bour arch :
Tan. hour angle.

The fame as for a direct fouth dial. And the
conftruction the fame.

3. By the Scale.

Here the center H muft be taken near the mid-
dle of the plane. And all the reft of the work
muit be done, as in the fouth dial. Only the hour
lines after {ix in the morning, and before {ix in the
evening, are had by producing the oppofite ones
thro’ the center.

You may if you pleafe, make a horizontal dial
for the complement of the latitude ; and turn the -
north end up, and fet it to face the north, and it

G will



82

D 1y Adaligl N G

Fig.will be a true north dial. And the hour lines wil}

28.

20

be rightly numbered ; but the mid-day hours muit
be lett out, which now become the midnight hours.

A direct north dial is only the back fide of a
fouth direct one; for both dials lie in the prime
vertical ; the meridian in the fouth dial is the hour
line for 12 at noon; but the fame meridian con-
tinued thro’ the plane, i1s the hour line for 12 at
night, in the north dial. And all the hour lines in
the fouth dial being produced thro® the plane, will
be the hour lines in the north dial, for then the
fun is in the oppofite part of the meridian. And
the ftile of the fouth dial continued thro’ the plane,
will be the ftile of the north dial.

B R @:B X
To draw an ereli diredd eaft Dial.

1. Geometrically.

Draw the horizontal line AB, and in AB take
a point Q, on the left hand. Thro’ Q draw the
contingent line EQ, making an angle with AB, as
AQE, equal to the compiement of the latitude.
Thro’ any point E of the line EQ, draw FEG per-
pendicular to EQ, for the fix o’clock hour line,
and the {ubftile,

Take any length EF for the height of the ftile,
and with the center F, taken in the line FG, and
any radius, defcribe the femicircle LEM. Divide
each quadrant EL, EM into fix equal parts for
hours, beginning at E. Thro’ thele points draw
lines from the center F, to cut the line EQ (which
reprefents the equinottial) in the hour points-
B My Bar OLC.

Thro’ the points #, #, &c. draw lines parallel
to GEF, and thefe will be the hour lines.

On
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On GF raife the perpendicular plane GHMR, Fig-
whofe heicht RM or GH is equal to EF; and that 29.
plane, which is a parallelogram, will be the ftile,
which muft be made very thin on the top HM.
Or you may have a perpendicular pin fixt at E,
whofe height is EF, for the ftile.

But it 1s better to leave a {pace at EG equal to
the thicknefs of the gnomon; and defcribe two
quadrants LEF; MEF, frem two, centers, and fo
find the hour lines on each [ide, {everally by thefe
centers, as was done in the former Problems. And
then the ftile muft be of a thicknels equal to that
{pace.

Then the hours muft be marked towards the
fouth, 5, 4, 3, leaving out the hours before fun
rife ; and towards the north 7, 8, g, 10, 11; the
fubftile being 6. % B _

If you would have half hours and quarters, di-
vide each hour of the femicircle into two or four
parts, and proceed as in the whole hours,

If you would have your dial to take in 11 o’clock,
you muft find the ftile’s height to anfwer that, af-
ter this manner. If 1+t be the point for 11 o’clock,
draw 11 I to make an angle of 15° with 11 E,
and to interfet FEG in F. Then EF is the height
of the ftile.

2. By Calculation.
Radius : .
Height of the file EF in inches :
Tan. bour arch from 6 :
Diftance from EG the 6 o’clock line.

Thele diltances being found for all the hours,
muft be put regularly in a table. But if you would
have 11 o’clock juft to come in, you muft find the
height of the ftile by this proportion; as radius :
Jength rr E :: tan. 15°: FE, the height of the
ftile. Suppofe FE to be 3 inches, then the hour
diftances from E, will be as in the following rable.

G 2 Hours



Fig."
20.

D.h-A E hdiN-G:

Hours. | [diftances.
1 3.00
1V 1,73

ki) 0.80

1Subft. VI o.

o te N1 0.80
VILL] S199
IX 3.00

i, g g 1
XTI 11.20
Conflrutiion.

Make the angle ACLE equal to the complement

.of the latitude, "AB bemg parallel to the horizon.

Draw the 6 o’clock line EG perp. to QE. Then
{et off the feveral diftances from E as in the table ;
that is, make E 5and E7 = 0.80; E4 and E8 =
1.73; EgandBEg = 2; Ko = 5 203 and E11 =
11.20; and thro’ the points 7, 8, 9, &c. draw the
hour lines parallel to IG. Lai’cl}r, make RM the
height of the'ftile"="Fy =3.

3. By the Scale.

Havmcr drawn the horizontal line ABQ, and QE
making an angle with it of the complement of the
latitude ; near the tup draw EG perpendicular to
EQ for the fubftile ‘4nd 6 'o’clock line. - Then in
either of the poldr Iaes, fet one foot of the com-
pafits at the begitnitig, and extend the other to I,
fet that éxtent f’rmn E 10’ 5, and from E to'~;"on

“the line hQ Then’ cxtend from the beginning to

5,

g and fer it from’ E" to'"'4, and from Eto 8. In
like manncr Extend’ ffom'the beginning to 111, 1V

and V5 atd etk éxtents, from F {to'' 2 and)
9, 10, 11, refpeétively. Then thre’ all “thefe

points draw lines parallél'to EG, for the hour lines.
And
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And the diftance from the beginning to III on theFig.
line, gives the height of the ftile; to be fet perp. 29.
upon the hour line of fix.

PR O/B. XI.
To make an eret direlt weft Dial.

This dial is made by the fame rules as the eaft
dial, only changing the pofition of it. For in a
weft dial, the point Q_and angle AQE muft be
taken on the left hand. And when the hour lines
are drawn, they muft be numbered the contrary
way. The hours from the fubftile or 6 o’clock,
muft be numbered towards the fouth 7, 8, 9; and
from the {ubftile towards the north, 5, 4, 3, 2, I.
If you look at the back fide of the paper, turning
it to the light; you will fee the true figure of a weft
dial thro’ the paper. Therefore if all the lines in
an eaft dial were to pals thro’ the plane, they will
make a welt dial, on the back fide of it. i

B B0 B XTI
To draw a fouth ereit declining Dial.

Example 1.

Suppofe a dial declines weft 36 degrees, in the lal.

542
| 1. Geometrically.

Take the point C about the middle of the plane 3@
for the foot of the ftile, thro’ which draw the ho- .
rizontal line AB, and CF perpendicular to it, and
equal to the perpendicular height of the flile.

Make the angle CFZ equal to the declination
(36°), to the right hand  if it decline eaft; or to
the left, if weft ; to cut the horizontal line in Z.

Thro’ Z draw PZE perpendicular to AB, for
the meridian. e

: T S Take



86

Fig,
30.

BLALILLNLG :

Take ZF and fetit from Z to X, in the line AB.

Make the angle ZXP equal to the latitude (54%),
to cut the meridian in P.  Then P is the center of
the dial.

Thro’ C and P draw PCD for the fubftile.

Thro’ C draw QQ perpendicular to PD, cutting
the meridian in N, for the contingent line.

In CQ make CT equal to CF, and draw PT.

Take the neareft diftance from C to PT, and
{fet it from C to D, in the line PD, and draw DN.

With the center D, and any radius as DC, def-
cribe the femicircle’ SCW.,

Divide the femicircle SCW into parts of 15 de-
grees for hours, beginning at the line DN, or
where 1t cuts the circle.

Thro’ thele points draw lines from the center D,
to interfect the equinoctial QQ, in the hour points
11, 12, 1, 25 25 4, &e.

From P the center of the dial, draw lines thro®
the hour points, as P11, P12, P1, P2, P3, &ec."
for the hour lines,

Then the ftile may either be the perpendicular
pin FC, or the triangle PCT fet upright on the
fubftile PC. Here the edge of the ftile PT muft
be made very thin ; or which is better, a {pace muft
be left at PC, equal to the thicknefs of the ftile,
for it to ftand on, juft as 1if this dial was cut in
two, thro’ the line PCD, and one part fcparated
from the other to that diftance.

If you would have half hours and quarters, di-
vide each hour of the femicircle into two or four
pares, and draw lines thro’ thefe points and the
center, to cut the equinadtial, as before.

The meridian PE muft be numbered 12, and
the hours on the left muft be 11, 10, g, &c. and
thofe on the right 1, 2, 3, 4, &c. ;

If you had rather begin at the center of the dial,
you may proceed thus. Take the point P near the

top,
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top, for the center; thro’ which draw the meridian Fig.
PE; in PE take any point Z, thro’ which draw 3o0.
the horizontal line AZB. Make the angle ZPX
equal to 'the complement of the latitude, cutting
the herizontal line in X. Make the angle BZF
equal to the complement of the declination, to-
wards the right hand, if the declination be weft;
but to the left, if eaft. Make ZF equal to ZX;
from F draw FC parallel to ZP, to cut the hori-
zontal line in C; then CE is the height of the ftile,
and C the foot of it. Thro’ P and C draw PCD
for the fubftile. Then draw the contingent QQ,
and finifth the reft, as before.

2. By Calculation.

Here we have given the latitude of the place
(54°%), and the declination of the plane (36°); to

find the fubftile’s diftance, the height of the pole
above the plane, and the plane’s dif. longitude.

Radius — 10.

Sin. declination (36) g.76g21

Cotan. latitude (54%) —  9.85226

Tan. fubfiile’s diffance 22 435, 9.62247
Again,

Radius — 10,

Cof. declination (36) 9.90795

Cof. latitude (547%) - 9.76395

Sin, file’s beights 28 1 © g9.67190
And, AP o

S. latitude [r£s?) — " 9.91068

Radius — 10.

Tan. declination (36) ' 9.86126

Tan. dif. lengic. 40745, 2001 D2 g95058

I — e ———

G 4 CisaE
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Fig.

B I7AT LI LI TEN G
Then add 15 degrees continually to 41 45 (the

30. diff. longitude), for the" hour arches before 12.

And fubftract 15 dég. continually, till ‘you:come
at the fubftile 3 beyond which youmuit add 15

‘deg. continually,. to:the remainder of the hour

where the fubitile ftands - for the hour arches after
12,7 And thefe, hour arches are all reckoned from

-the fubftile.  All thefe muit be regularly put down

in 7 table againft the vefpetive hours. - If you cal-
culatc for quarters; you muft add and fubftra&t
3% 45’ cnnﬂnually Then you muft calculate for
the ‘hour angles; by the  following analogy, and

place. them againft the {feveral hours, as in the fol-
lowing table. _

As radius R 10.
S. flile’'s beight (28 1) 9.67185
Tan, bour arch (86 45) “11.24577
Tan. beur angle (83 6) 10.01762
Tan. 71 45" 10.48181
Yan.'c4 85 10.153606

~ And fo on.

[ eteracoil hour -

| § arches. aﬂé&lgs.

TR IR 62 ! 830 ¢
X'Y|'71 45 | 54 55
KA s 1 25 27
3% ol el 3 bt - 22.. 45
L] 26" A2 o sy
11 177055 5 35
{ubftile

IT Sl ¥ Y oaa
Bk I 8 49
4k g2 Berh 17 g
VI 148 "15 1" 27 45
LG ¢ U Sl 3 42 59
VISR Y & G675y

Con-
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sl = 4 a1 'bbs asi ". Fig.
ot el Canﬁruéiwm busignol Rib ge.
Take P near the top, for the center of lhe duﬂ
-and draw the meridian PE, for the 12 o’clock line.
‘Byithe line of chords make the angle EPC, 2233/
‘the fubfiile’s diftance, on the right hand, as the de-
~clination is weft; and draw the fubftilar line PCD.
Make the hour angles from the {ubftile, as you find
them in the table, viz. CPIX =83 6; CPX =
54553 CP1v = 35137:9' CPi12 22224 5%5°CP1
agunly P2 1= 5195y andbiOP§O= ¢ 325
CP4 = 849, &coand PIX{PX, ‘Py1, Pr2,Pi,
P2, P3, &c. will be the hour lines.  Make the
angle CPN = 28 1, for the ftile.

3. By the Scale.

If 'you have a fcale fitted to your latitude ; find
the declination on the line of chords; again{t whu:h
on the other lines, you will find all the I'EqulﬁtES,
viz. the fubftile’s diftance, the ftile’s height, and
plane’s dif. longitude. If you have no {uch fcale,
you muft find the requifites by Gunter’s fcale, if
you would work the whole infirumentally ; other-
wife by calculation, as before.

Having made a tible of the horary diftances
from the fubftile, choofe any point H near the top
for the center, thro’which draw the meridian or 12
o’ clock line perpendicular to the horizon. Make
the anglé EPC = 22° 45/, the fubftile’s diftance
from the meridian; thro’ C, draw PCD for the
fubftile, on the right hand, bf:caufe the declination
is weft. Draw 5Dd LJ.PEI"‘(.IJCU,IHI' to- BC. . Then
from the line of lamudes, taLt; the height of the
pole above the plane, 28° 1, and fet it frnm F ta
& and d; and take the whole length of the line of
the inclination of meridians, and fet from & to cut
PC in O, and draw /0 -andldO. Then from the
fame line of inclination, take thefe horary diftances

(or



96

BDIAELING,

Fig. (or hour arches) as ynu have them in the table,
30. Viz. I11° 45/, 26° 45', 41 45, 56 45, &c. and

27,

fet them feverally from O to 4, 4, 4, &c. till you
come at . Alfo take the horary diftances 3 15,
18 15, 33 15, &c. and fet from O towards 4, as at
7, 1, 1, &c. till you come at 4. Then from P, thro’
all the points ¢, a, a, and 7, r, r, &c. draw lines
quite thro’ the dial, which will be the hour lines re-
quired. If any point falls above the horizontal line,
draw a line from it, thro’ the center, to the other
fide. You may obferve, that any diftance Oa is equal
to its correfpondent dr ; and any Or is equal to 4a.

Make the angle CPT = 28 1 for the ftile. And
the forenoon hours muft be markt towards the left
hand, and the afternoon hours towards the right
hand, of the meridian.

If you would have the half hours, they muft be
taken off the line of inclination, as before, and fet
on the lines O% and Od.

As this is a very common and ufeful cafe, I fhall
give another example of it.

Ea.io.
Suppofe a S.plane declines eaft 49°, in lat. 51%.

1. Geometrically.

Take C for the foot of the {tile, thro’ which draw
the horizontal line AB; and CF perpendicular to
1t, and equal to the height of the ftile.

Make the angle CFZ equal to the declination
(49°), to the right hand, becaufe the planf: declines
eaft ; and it will cut the horizontal line in Z.

Thro’ Z, draw PZL perpendicular to AB, for
the meridian.

Set ZF from Z to X, 1in the horizontal line AB,
either way.

Make the angle ZXP upwards, equal to the la-
titude (512); then P is the center of the dial.

Thro’
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- Thro’ C and P draw PCD for the {ubftile.

Thro’ C draw the contingent line QQ perpendi- 31.

cular to the fubftile PC, to cut the meridian in N.

Make CT equal to CF, and draw PT.

Take the neareft diftance from C to PT, and
fet from C to'V in the {ubftile PD.

From the center V with any radius, defcribe the
femicircle SCW.

Divide the femicircle into parts of 15 degrees
for hours, beginning at the line DN.

Thro* all thefe points of divifion, draw lines
from the center V, to cut the contingent QQ in
the hour points, 5, 6, 7, 8, 9, &c.

From the center P of the dial, draw lines thro’
all the hour points, as Ps, P6, P7, P8, &c. for
the hour lines.

Then the triangle PCT will be the ftile, which
muft ftand perpendicular to the {fubftile PC.

2. By Calculation.

.(fj rﬁ;fl?ﬂ.f — 10.
S. declination (49°) 9.87777
Cotan. lat. (517) 9.90060

Tan. fubft. diff. (30 59)  9.77831

Radius - 10.

Cof. declination (49°) 9.81694

Cof. latitude (51%) 0.79414
S. flile’s beight (24 6) g.01108
8. latitude (51%) 0.89354
Radius — 10.

Tan. declination (49) 10.06083

Tan. dif. longit. (55 47)  10.16739
Thes
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Fig. 'Then having the plane’s dif." longitude 55 4%

31. by adding and {ubtracting 15 degrees continually
to and from ity ithe hour arches, reckoned from
the fubitile, “will'be had, as in the following table..

““I' " hour hour
. Hours. arches. | angles.
M 79 13 ]'65 o

7

TV ey 1ag b
ey 149 13 ] 25 20
- FIL gus S g
g% § 6 o e g 1 I 44

SR U Snbltile
Pt 0 IR oA Yoy
oo, G W o O i bl
XLl 40 47 | 19 24
XI | 55 47 | 30 59
I 170 47 | 49 31
S S 8 Er Sud G

Then for the hour angles,

Radius — 10.

S. file’s beight (24 6) 9.61108
T. bour arch (4 13) 8.86763
T. bour angle (1 44) 8.47871

and fo of the reft, as in the table.

Confiruétion.

Take fome point P near the top for the center
of the dial, thro’ which draw the meridian PE,
for the i121:.0clock! line,  ~And make the an-
gle EPC = 30/59 to the left hand, as the declina-
tion 1s eaft, and draw the fubftile PC. Then fet off

+ the feveral hour angles from the fubftile, ashyuu
ave
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have them inthe table: CP8 =1 44; CP7 = 8 6; Fig.
CP6 = 15 31, &c. and you have the hour lines. 31.
Make CPT = 24 6, and CPT will be the ftile.

3. By the Scale.

Having found the requifites by Gunter’s feale,
or by calculation, take fome point P for the cen-
ter, from which draw the meridian or 12 o’clock
line PE ; make the angle EPC = 30 59, to the
left hand, becaufe the declination is eaft, and PC
will be the fubftile. Thro’ P draw a perpendmular
to PC, on which fet the ftile’s height 24 6, taken
from the line of latitudes, from P to & and d.
Then fet the whole length of the line of hours or
inclination of meridians, from &.0or 4 to O in the
line PC, and draw 40 and 4O. Then take the fe-
veral hour arches, which you have in the table,
off the line of inclination, and fet them from O
towards 4, and from O towards 4. Thole on the
left of the fubftile (4 13, 19 13, 34 13, &c.) muft
be fet on Of from O to a4, 4, a, &c. And thofe
on the right hand (10 47, 25 47, 40 47, &c.) {et
from O tor, r, r, &c. Then from P, thro’ all
the points 4, 4, ¢, draw the hour lines P8, Pz,
P6, &c ; and thro’ all the points #, r, r, &c. draw
the hour lines Pg, Piro, P11, &c. Then make
the angle CPT = 24 6 for the ftile.

RO
To draw a north ereft declining Dial.

To do this make a fouth declining dial, whoie
‘declination 18 the/fame, and liesthed{ame way, then
“eurn it uplide down, and it/ will'be 2 north.de-
“elining ‘dial. ' But the hours'muft be numbered the
Jcontrary ‘way.

Thus,
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Fig. 'Thus, if you want a north-eaft decliner, malke

31. a fouth-eaft decliner, if a north-weft dccliner, make
a fouth-weft df:clmf:r

Likewife, by extending the ftile and the hour
lines quite thro’ the center; fo as the hours may
be feen on the other fide of the plane; the fouth-
eaft decliner will then produce a north- weft decliners
and a fouth-welt dechiner, a north-eaft decliner. But
the hours muft be numbered 25 g Bce.’ from
the meridian on the right hand; and 11, 10, 9,
&ec. on the left. But the midmght hours, or thofe-'
before {un rife, and after fun fet, muft be left out ;
as the fun, being then below the horizon, does not
{hine on them.

And in drawing the dial, the center H muft be
taken about the middle of the plane, becaufe fome
hours more are required, than in a fouth decliner
and thefe are had by producing the other hour
lines thro” the center. 1 judge it needlefs to draw
a figure for it ; but the calculation of fuch a dial
will be as follows.

Suppofe a north plane declining eaft 21 degrees, in
lat. 54;.
Fhen we fhall find, by calculation, or Gunter’s fcale,

T he fubftile’s diffance 14° 20"
Stile's beight 32 50
Plane’s dif. longitude, 25 ‘15

And the hour arches, and hour angles will be
as in the following table.

Houes
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hour hour b

urs.
Ho arches. angles.

8 L T 1 19
g L.J0 .15 F sl 20
10 | 55 15 }
1l 40 15
12 25, %5

I 10 15

- Subftile
2 4 45 b
8 19 45 1T 06 |
4 .| 34 45 | 2027 }
5 | 49 45 | 32 38
6 | 64 45 | 48 59
7 £ N TR e

BiR BB, X1V,

To draw an upright dial without a center ; or &
far declining dial.
Examp.

Suppofe a plane declines 70 degrees eaft, in the lat.

547
1. Geometrically.

In fuch dial planes, on which the pole has but
{mall elevation, if the center of the dial be taken
within the plane; the hour lines, efpecially near
the {ubftile, will be {o clofe together, as not to be
readily diftinguifhed ; and therefore fuch a dial
would be ufelefs. But by making the ftile higher
at pleafure, the hours will become wider ; but then
the center will run out of the plane; and therefore

we muilt ufe the fullawing method to draw the dial
without a center.

Suppofe

95
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Fig.
72.

PHEALLANG, -

Suppofe the prefent center of the dial to be H,
thro’ H draw the meridian HE, in which take
fome point Z, thro’ which draw the horizontal line
XZB. Make the angle ZHX equal to the com-
plement of the latltude, cutting the horizontal
linein X. Make the angle BZF equal to the com-
plement of the dc:clinatinn, towards the right hand,
when the declination is weft ;3 but to the left, when
it is eaft. Make ZF equal to ZX; and from F
draw FC parallel to HZ, to cut the horizontal line
in C. Then CF is the prefent height of the ftile,
and C the foot of it. Thro® H and C draw the
fubftile HCD. Thro’ C draw ICI perpendicular
to the fubftile HD ; and thro’ fome other point S,
another perpendicular KSK, to cut HE in A. In
CI take CN equal to CF, and draw HNO for the
ftile. Irom S take the neareft diftance to HO,
and fet from S to G 1n the {ubitile, and draw GA.
Then fince the ftile HO has but fmall elevation,
draw T¢ parallel to HO, at a convenient diftance,
for the new ftile. Then take the neareft diftance
from S to T¢, and fet from S to D in the fubftile,
and draw the line DL parallel to GA. From the
center D, defcribe a fem1c1rclt, cutting DL in L.
Divide this femicircle into hours begmmng -
and draw lines from the center D, thro’ thefe puints,
to cut the contingent line KK in the hour points,
that of L being 12 o’clock.

Again, take the neareft diftance from C to T
and fet from C to 4 in the fubftle. From 4 dc-
fcribe a femicircle, and make the angle Cdl =
SDL. Then divide this {femicircle into hours be-
ginning at /; and thro” all the ponts draw lines
from the center 4, to cut the contingent line II in
the hour points, ! being 12 o’clock.

Laftly, thro’ the correfpondent hour points, in
both contingent lines, draw right hines, and thefe
will be the hour lines. And to number the hours,

' oblerve
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obferve the line DL runs to 12 o’clock, (which isFig,
generally out of the dial) and this direts all the 32.
reft ; for the next hour point is 11, the next 1o,
&c.
2. By Calculation.
The requifites being found as in the laft Problem,
will be as follows.

Subfile’s diffance 2%° 50’
Stile’s beight 11 28
Plane’s dif. longitude T3 o

Then fuppofe HC to be 2. » inches = HS, 7.3
then by plane trigonometry to find the leaft diftan-
ces from C and S to HO,

As radius 10.
S. SHO (11 23) 0.29841
So HC (2.7 0.43136
diftance fromC (.537) '  =—1.%2977
S0 HS (7.3) 0.86332
difiance from S (1.45) 0.16173

Thefe diftances being roo little, increafe them
with any quantity you think proper, fuppofe 1.1
then the neareft diftances from C and S to T, will
be 1.64 and 2.55; thatis, the radius SD and Cd
will be 2.55 and 1.64. Then to find the hour
points. After the hour arches are had by help of
the dif longitude 73 31, and put into a table
the correfponding diftances, along the lines KK and
11, from the fubitile, are had by this proportion,

As radius 10.
Tan. bour arch (61 29) | 10.26493
So SD (2.55) 0.40654
diftance from S (4.70) 0.6714 47
So Cd (1.64) 0.21484
diftance from C (3.02) 0.47977

H and
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Fig.and fo on thro’ the whole, which muft be put
32. down in the table, againft their correfponding hour

arches, as follows.

hour diftance | diftance

Hours. arches. { from S. | from C.

13 3:| 0.61 0.39
28 31 1.38 0.89

Jge-ail 042 1.56
P58 a1}t gal 2.68

2. 1030 20 Ve d:k0 3.02
4. |46 .29] 2.89 1.73
Rrekal 2pl. 1.50 1.01
B kb 200 BeTe L 0.48
v/ I 29| 0.6 0.04
| Subftile

8
9

10

Conftrutiion.

Draw an obfcure line HE perpendicular to the
horizon, and make the angle EHD = 33 50, and
HD 1s the fubftile. Make the angle DHO =
11 28, the height of the {tile, and draw HO, then
draw Tz parallel to HO, at a diftance 1.1 from it;
then HST¢ will be the ftile, to be fet perpendicu-
lar upon the fubftile HD. Make HC = 2.7; and
HS = 7.3. Andthro’ Cand S, draw two perpen-
diculars to the fubftile HD, as Il and KK. Then
fet oft upon Il and KK, from the points C and S,
the diftances you find in the table ; thofe ahove
the fubftile, to the left; and thofe below, to the
right of it. Laftly, thro’ the correfpondent points
in the two lines, draw the hour lines of the dial.

If you look thro’ the back of the paper, you
will fee a dial declining as far to the wett.

3 By
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Fia.
3. By the Scale. 3?

Having found the requifites by Gunter’s fcale,
or by calculation, draw HE perpendicular to the
horizon ; and make the angle EHD the fubftile’s
diftance, and DHO the ftile’s height, and draw
HD and HO for the {fubftile, and ftilar line. Chufe
a point in the fubftiie as S, thro’ which draw a line
KK perpendicular to the fubftile.

Then take the diftance from the beginning ta
the hour 1Il, on the greater polar line, and fet it
from S to T, and draw T¢ parallel to HO; and
Ttz is the new ftile. 'Then open the compafics from
the beginning to the hour 111, on the lefler polar
line, and fetting one foot at S in the fubftile HD,
move it along the fubftile (keeping the feet of the
compafles parallel to KK,) till the other foot touch
the line Tz; as at ; thro’ that point r, draw a
line ICI parallel to KK.

Then from the table of hour arches, take the
feveral arches from the greater polar line, and fet
them from S, upon the line KK, firft to the left
hand, and then to the right, as theyv lie in the ta-
ble, in refpect of the fubftile; then you have the
hour points on the line KK. '

Again, from the fame table of hour arches take
every arch from off the leffer polar line, and fet both
ways from C, on the line I1, as before. Then lines
drawn thro’ the correfpondent points in both dines
KK and II, will be the hour lines of the dial.

The ftile CS'I'z muft be placed perpendicular on
the fubftile CS, and made thin at the top; unlefs
you have a mind to leave a {pace there, the thick-
nefs of the ftile.

o

H 2 PROB.
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P-R'OB. ¥V,

To draw a dial upon a dired fouth reclining plane,
or upon a direli north inclining one.

1. If a fouth plane reclines, and the reclination
is lefs than the complement of the latitude, add
the reclination to the latitude, the {fum 1is the lati~
tude, for which you muft make an ereét fouth dial,
by Prob. VIIL.

2. If the reclination be equal to the complement
of the latitude, then the pole falls in the plane of
the dial ; and then you muft make an horizontal
dial under the equinoctial, by Prob. VI.

3. If the reclination be greater than the comple-
ment of the latitude; fubtraét the complement of
the latitude from the reclination ; and the remain-
der is the latitude, for which you muft make a ho-
rizontal dial, by Prob. VI1I. And thefe are all the
varieties that can happen in a reclining fouth dial..

In north inclining planes, if a dial be made on the
fouth reclining fide, and the ftile and hour lines con-
tinued thro’ the plane ; there will be made a north
inclining or proclining dial, as required.” Otherwife
thus, which comes to the fame thing ; make {uch
a dial as i1s before directed for a rechining plane,
then turn it upfide down, and it will be a dial for
its correfponding north inclining plane.  But in
all of them, the hours muft be numbered the con-
trary way, from the meridian or 12 o’clock line. |

Thefe inclining dials are the worft fort of dials,
by reafon the {un does not fhine fo long on them,
as upon other dials.

P ROB.
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P:R OnBA XV

To make a direft north reclining dial, or a direlt
Jouth inclining one.

1. If a north plane reclines, and the reclination
is lefs than the latitude; fubtraét the reclination
from the latitude, and the remainder will be che
latitude, for which you muft make a direct fouth
dial; and turn it upfide down to face the north,
and let the hours be numbered weftward, 1, 2, 3,
&ec. and eaftward, 11, 10, 9, &c. but fome of thefe
midnight hours muft be left out; and fome taken
in, after 6 in the morning, and before 6 at night.

Otherwife thus, add the reclination to the com-
plement of the latitude; and the fum 1s the lati-
tude for which a horizontal dial is to be made;
then the north end is to be turned upward, and
the thing is done. But leave out the midnight
hours.

2. If the reclination be equal to the latitude, then
the plane coincides with the equinoctial ; and con-
fequently a horizontal dial under the poles muft be
made by Prob. V,

3. If the reclination be greater than the latitude,
add the complement of the reclination to the lati-
tude ; and the fum is the latitude, for which a ho-
rizontal dial muft be made, by Prob. VII. which
will fuit that plane.

In fouth inclining planes, (by Prob. VIIL.) make
a dire€t fouth dial, for a latitude which is the dif-
ference between your latitude and proclination.
Only, if that difference is o, it will be an upright
dial under the equinottial, and the ftile perpendi-
cular; and made by Prob. V. And if the procli-
nation be greater than the latitude, the dial will be-
long to fouth latitude ; and 1s made by Prob. VII.

H 3 but
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34-

DIALLING

but the angle of the flile will lie the contrary way
upon the meridian, as in fig. 33. A’ north recli-
chining dial becomes a fouth inclining one, when
turned upfide down.

There need be no more than 12 hours in any of
thefe incliners.

Example,
To make a north dial in lat. 60°, that reclines g
degrees.
To the comp. lat. 30
add the reclin. FE

——— i

new latitude 355 for a horizontal dial,

1. Geometrically.

Take the point P about the middle of the plane,
for the center of the dial, and draw the meridian
DPE, and a line perpendicular to it thro’ P for the
6 o’clock line. Make the angle DPR = 351 the
new latitude. Take any point G in the meridian,
thro’ which draw the perpendicular AGB for the
contingent line, Then fet one foot of the com-
pafles in G, and take the neareft diftance to the
line PR, and fet it from G to D. With the cen-
ter D, and any radius, defcribe a femicircle L.SM ;
divide each quadrant LS, SM into 6 equal parts,
thro’ which and the center D draw obfcure lines to
cut AB in the hour points. Thro! all thefe points
or marks in AB, draw lines from the center P of
the dial, and thefe will be the hour lines. But the
midnight hours are left out, when the fun does not
fhine. And the hours after 6 in the morning, and
before 6 at night, are drawn thro’ the center ; and
on thefe the fun will fhine in fummer.

DPR is the ftile, which will point to the pole
when the dial 1s rightly placed.

2. By
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2. By Calculation.
As radius
Sin. mew latitade (35%) ¢ :
Tan. hour arch
Tan. bour angle.

Hence the following table.

L hour hour

; arches. angles.

3 -9 45, .9 39 .8

4 8 60 o 45 10

5.7 7549 65 14

6 go o 00;: O
Conftruttion.

Draw the meridian DE, and take P for the cen-
ter; at P make angles with PD and PE, as you
find them in the table, and draw the hour lines.

Make DPR = 35%, and you have the {tile.

3. By the Scale.

Let P be the center, about the middle of the
plane ; and draw the meridian PE, and P4 perpen-
diculari to it, for the 6 o’clock line ; on which fet
the extent to the new latitude (35%), taken from
the line of latitudes, from P to & and 4. Then
fet the whole length of the hour line from 4 to &
and ¢, on the meridian DE ; and draw 44, da, /44,
dg. Then on the line of hours, take the extentto I
the firft hour, and fet from 4 to 5 and 7, and from
dto 5 and 7. Then take the extent to the {fecond
hour 11, and fet from 4 to 4 and 8, and from 4 t0
4 and 8. Alfo take the extent to [Il, and fet from
4 to 9, and from 4 to 3. Then from P draw lines

H 4 thro’

103
Fig.
34
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Fig. thro’ all thefe points, for the hour lines. Make
34 DPR = 354 for the ftile.
The mid-day or midnight hours need not be
drawn, as the {un never thines on them.

PR O B, Vik

To make an inclining or reclining eaft dial.

Example.
Let an eaff dial recline 21 deg. in lat. 54%.

1. Geometrically,

55. Take fome point C for the foot of the ftile, near
the middle of the plane ; thro’ which draw the per-
pendicular line DE. Draw CIF perpendicular to
DE, or parallel to the horizon, and equal to the
height of the ftile. Make the angle CFH equal
to the complement of the reclination or proclina-
tion ; downwards, if it recline; or upwards, if it
incline, to cut the vertical line DE in H. Thro’
H draw the meridian or 12 o’clock line PHI per-
pendicular to DE. Make HG = HF, and make
the angle HGP = the complement of the latitude,
to the left hand when the plane reclines, and to the
right hand when it inclines ; and P is the center of
~ the dial, which will be at the top, as well as the
meridian PI, when the plane inclines. Tlwd’ P
and C draw PCM for the fubftile.

Thro’ C draw QQ _perpendicular to the {ubftile

PM for the contingent, in which make CT = CF,
and draw PT for the ftile. Take the neareft dif-
rance from C to the ftile PT, and fet it from C to
V. Draw the line VI, from V to the interfection 1
of the contingent and meridian.

From the center V, with any radius, defcribe a
femicircle, which divide into hours, beginning at
VI. Draw lines from the center V, thro’ thefe
: divi-
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divifions, to cut the contingent QQ_in the feveralFig,
hour points. Then lines drawn from the center of 33.
the dial P, thro’ thefe points, will be the hour lines,
And the triangle CPT, ereéted on the fubftile, PV
will be the ftile. b sl

For the hours, PI being 12 o’clock, the reft pro-
ceed towards the left hand, being 11, 10, g, 8
&c. 1n order. -
2. By Calculation.

2

1. As radius

| 10.
Cof. reclination (21) 9.97015
Tan. latitude (547) 10.146%2

Tan. fubffile’s diff. 52 37, 10.11688

2. Radius — 10.
S. latitude (547%) WD) 9.91068
S. reclination (21) .. .. 9.55432

—_————

S. ﬂffé’.r beight, _:6 58, 9.46500

3. Radius - —— ' 10.
Cof. latitude (547) 9.76395
Tan. reclination (21) 9.58417%

Cotan. dif. longitude, 77 26, 9.34812

e

~ Then make a table for the feveral hour arches,
by continually adding and fubftracting 15 degrees,
to and from the difference of longitude %7 26..

And then to find the hour angles,
Radius

10.

S. flile’s beight (16 58) 9 46500

Tan. hour arch from 6
the fubflile (57 34) ;’ 1,19092

Tan. bour angle 24 40, 9.66192

And fo of the reft, as in the following table.
Hours
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[
hour hour
FRalIE: arches. | angles.
3 57 34124 40
4 42 34115 O
5 127 34] 8§ 40
6 12 803 43
Subftile

7 5 U0l o 43
Bt Diy 2ty Endy
& ‘132 2010 20
1I0° 147 26117 .39
11 Tus e619g i3
12177 26152 37

ConftrutZion.

Draw PI parallel to the horizon at the bottom
of the plane, for the 12 o’clock line; or at top
of the plane if it inclines 3 in which take any point
P for the center of the dial, toward the left hand.

Make the angle 1PV on the right hand, equal
to the fubftile’s diftance from the meridian 52 37,
and draw the fubftile PV. Alfo make the angle
VPT equal to the ftile’s height 16 58, and draw
the ftile PT. Then make the hour angles on each
fide of the fubftile, as you have them in the table.
as VP2i== 0 43s VP8 == 5 r4 Bic s and VP6 =
3 43, VP5= 8 40, &c. And draw the hour lines,

3. By the Scale.

Having found the requifites as above, by Gun-
ter’s {cale, or by calculation; and made a table of
the horary diftances (or hour arches,) from the fub-
ftile ; take a point P near the bottom for the cen-
ter, thro’ which draw the 12 o’clock line PI pa-

rallel to the horizon. Make the angle 1Pg = {ub-
ftile’s
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ftile’s diftance 52 37, and draw the fubftile Pa. Fig.
Thro’ P draw 4d perpendicular to Pa, in which 335,
make P5 and P4 16 58, the pole height, taken from

the line of latitudes. Then take the whole line of
hours, or the line of inclination, and fet from 4 to

a in the fubftile, and draw 42 and da; then from

the fame line of inclination, take the hour arches

as you have them in the table, and fet thofe above

the {ubftile from & towards &; and thofe below,
from 2 towards 4, on the lines 24 and 4d. Thus,
make a6 = 32 Qs -5 24, Gpi= 42 G,

43 = 57 34 alfoay = 2 26, 48 = 17 26, a9

— 32 26, &c. And draw the hour lines 43 ag4,
as, a6, a7, &c. And make the angle ¢PT =

16 58, for the ftile.

PROB. XVIIIL

To make an inclining or veclining wefi dial.

This dial is made by the fame rules as the eaft
incliner or recliner ; only the angle PGH, which
is made equal to the complement of the latitude,
muft be taken to the right hand, for a weft recli-
ner; but to the left hand for a welt incliner. And
the meridian PI will be at the bottom of the plane,
if 1t reclines; but at top, if it inclines.

The hours muft be reckoned the contrary way in
the weft dial; but the meridian or twelve o’clock
line will guide all the reft. If you turn the back
of the paper towards you, and look thro’ it, the
eaft recliner will be changed into a weft recliner,
for you will then fee the figure of a weft recliner

thro’ the paper. And {o the back fide of an eaft
incliner, becomes g welt incliner,

Examp,
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Fig. Examp. .
35+  Suppefe a weft dial reclines 50°, in lat. 543
As all the work is conftructed as before, I fhall
only give the calculation of it, as follows. :

Subjtile’s diftance 42% .21
Stile’s beight 38 35
Plane’s dif. longitude. 5519

Then the table of hour angles and hour arches,
will be as follows.

—

hour hour

Hours. 1 tches. angles.

10 |85 Fa B2
11 Y0 " 1glb0 " 1D
12 55 | 1Q 142 -1
1 40 19}27 53

16 26

L
10, 10,1 0. 208
- Subiftile
4 41| 2 56

19 41112 34
3441123 2]
49 41|36 19
64" ArlE2 EX
9 l'79 4tly3 44|

And if an eaft dial inclines 50° in lat. 543
the hour angles will be the fame as above,

ey O W N

P RO BRI,

To draw a [outh declining, reclining or inclining
dial. .
Example 1.
Suppofe a S.plane declines weffward 25°, and reclines
15°% in.lat. 547
1. Geo-
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1. Geometrically. Ftﬁg

Take any point C for the foot of the ftile, a-
bout the middle of the plane, thro’ which draw DE
perpendicular to the horizon 3 and CF perpendicu-
lar to it, and equal to the ftile’s height.

Make the angle CFG the reclination of the plane
that is, upwards if it recline, or downwards if it
incline ; and make CFH the complément of it;
and H is the nadir.

Thro’ G draw the horizontal line AGB, perpen-
dicular to DE.

In GD make GR = GF, and the angle GRI =
the declination of the plane; to the r1uht hand,
if it declines eaft, but to the left, if weﬂ: R bc-
ing the dividing center of the horizon AB.

Thro’ 1 and H, draw the meridian or 12 o’clock
line ZIH.

Thro’ C draw CMK perpendicular to ZH.

Set CM from C to L. on the line CH, and extend
from L to F, and fet it from M to O, in the line
MK ; then O is the dividing center of ZH.

Draw OIl, and make the angle IOP upwards,
equal to the latitude; and draw OP interfecting
ZH in F the pole, for the center of the dial.

Thro’ P and C, draw PCV for the fubftile.

Thro’ C draw the contingent QQ, perpendicular
to the fubftile PC, interfecting the meridian in N,

Take CT equal to CF, and draw PT, then
CPT is the ftile

Take the neareft diftance from C to the line PT,
and fet it from C to V in the iubftile PCV, and
draw VN.

From the center V, with any radius, defcribe a
{femicircle SCX, which divide into hours beginning
at the line VIN hich goes to 12.

Oraw lines from V thro’ al! thefe points, to in-
terfect the contingent QQ in the hour points. ’

An
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Fig. And thro’ thefe points of interfetion, draw lines
30, from the center, which will be the hour lines of
the dial. -

Note, if OP run parallel to the meridian, PH ;
the fubftile PV, and all the hour lines (drawn thro’
the feveral interfections of QO), will be parallel to
ZH.

2. By Calculation.

As fin. veclination (15°) 9.41299
Cotan. declination (25) 10.33132
Radius e 10.

Tan. beig. meridian, 83 9, 10.91 833

As Radius o 10.
Cof. declination (25) 9.95727
Cotan. reclination (15) 10.57104
Tan. arch A, 93 32 10.52921
lat. 54 30

ArchB 19 2; here A being greater

than the latitude ; the oppofite pole is elevated.

As Cotan. arch B (19 2) 10.46220

Cof. reclinaiion (15) 9.98494
Sin, declination (25) 9.62594
19.61088

Tan. fubftiles dif. 8 1 9.14868

As Cof. fubftile’s diftance (8 1) 0.99573
Cof. arch B (19 2) — 9.97558

Radius —— 10.

Cof. fiile’s beight, 17 19 9.97985

As
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As Sin. arch B. (19 2) — 9.51-3371:1 {
Radius e 10, 35g,

Sin. fubff. diff. (8 1) — 0.14445
Sin. plane’s dif. longitude, 25 19  9.53108

Then make a table for the feveral hours, and
place the plane’s dif, longitude 25 19, againft 12.
To or from which add and fubtra&t 15, 30, 43,
6o, &c. to get the other hour arches, which put
againft their refpetive hours. Then for finding
the hour angles,

Radius —— 10;
S. flile’s beight (17 19)  0.473%0
Tan. bour arch (79 41) 10.73985

Tan. bour angle, 58 33, 10,21355 for VII,

And fo on for all the reft, which will be as in
the following table.

Eisiids: ha:u.zr hour |

arches. | angles.

7 |79 41|58 33

6 64 41 ] 32 11

5 490/ 40 'T9! 20

4 34 4t | 11 38

3 |19 41| &6 5

2 4 41 1 24
Subftile

1 rovh gl ks
12 25 ol b8 T

II 40 Ig 1411
10 5515 191] . 22LeEh
9 70 19 | 39 46
8 85 19 | 74 37

Cene
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Fig.
36.

DIANALA NG,

Caﬂﬁr#ﬂmﬂ

Draw the horizontal line AJH near the bottom
of the plane, in which take a point H towards the
right hand, if the declination be weft ; but to the
left if eaft. Draw the line ZH makmg the angle
bHZ — 83 9, the height of the meridian, for the
12 o’clock line. Take any point P near ‘the top,
when A is greater than the latitude, otherwife near
the bnttom, and draw the fubftile PV to the right
hand for weft declination, making the angle HPV
— §° 1/, the fubftile’s diftance. Then f're::-m P draw
the hour lines, making angles with the fubftile at
P, as you‘find them in the table. Thus VPH =

, 10 o4l VPITE = 6° ' &c,/ And draw PT ma-

king the angle VPT = 17 19, the ftile’s height,
and PTC is the ftile.

3. By the Scale.

Having found the requifites by Gunter’s {cale, or
otherwife, draw the meridian PH, making an angle
with a horizontal line of 83° @’; drawthe fubﬁllePV
making an angle at P with the meridian, of 8° 1~
Thro’ the center P, draw the line 44 perpendicular
to PV ; then take 17 19 (the pole’s height) from
the llne of latitudes, and fet from P to 5 and d.
Then take the {cale of hours or inclination, and
fet from & to @, in the line: PV, and draw bz, da.
Then from the line of inclination, take the {everal
hour arches, againft 2, 3, 4, 5, &c. in the table,
and fet them in the line ad, from a to 2, 2, 4. 5,
6, 7. Again, take the hour arches againft 1, 12,
11, 1Q; &EC and fet them in the line ab, from a
to 1, 12, 11,10, 9, 8. 'Then thro’ all thefe points
2, 3, 4, &c. and' 1, 184 11, &c. draw hnes from
the center P for the hour lines.

Note, a2z, a3,-d4, &C. is equal to 88, b9, £10,
(" My

Laftly,
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" Latftly, draw PT, making the angle VPT = Fig.
17 19, and VP I' will be the ftile. 36.

Ex. 2,

Suppofe a S.plane declines eaft 50° and reclines 42°,
in lat. 54+. '

1. Geometrically.

About the middle of the plane, take C for the 37.
foot of the ftile, thro’ which draw DE perpendi-
cular to the horizon, and CF perpendicular to DE,
and equal to the height of the ftile.

Make the angle CFG the reclination of the plane
42!, upwards, and CEFH its complement, cutting
DE in G and H, H being the nadir.

Thro’ G draw the horizontal line GB, perpendi-
cular to DE.

In GD take GR = GF, either way, and make
the angle GRI = the declination 50° to the right
hand as 1t declines eaft, to cut Gﬁ) in 1.

Thro’ T and H draw the meridian PHIZ, or the
12 o’clock line.

Thro’ C draw CMK perpendicular to the me-
ridian HIL

Set CM from C to L on the line CH, and extend
from L to F, and fec it from M to O, in the line
CMK. _ ol

Draw OI and make the angle 10p vpwards, e-
qual to the latitude 541 Draw pOP interfeéting
the meridian HI in P, for the center of the dial,
which reprefents the pole.

Thro’ P and C draw PCV for the {ubftile.

. Thro’.C draw the tontingent QQ perpendicular
to the fubitile PC, interfeting the meridian PI
in N.

Take ' CT = CF, and* deatw BT, and CPT is
the flile,

1 Take
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Fig. Take the neareft diftance from C to the line PT,
37. and fet itfrom C to V in the fubftile PCV, and draw

the line VN.

From the center V, with any radius, defcribe the
{femicircle SCX, which divide into hours, begin-
ning at the line VN, where it interfects the circle.

Draw lines from thecenter V thro’ all thefe points,
to cut the contingent line, as ufual, in the hour
points ; thro’ which again draw lines from the cen-

ter of the dial P, for the hour lines.
2. By Calculation.

As Sin. reclination (42) 9.82551
Cotan. declination (50) 9.92381
Radius — 10.

Tan. beig. meridian, 51 26, 10.09830

As Radius —_— 10.
Cof. declination (50) 9.80806
Cot. reclination (42) - 10.04556
Tan. arch A, 35 3I 9.85362

Latitude 54 30

Arch B, 18 59. Here A being lefs than
the latitude, the pole is elevated above the plane.

As Cotan. arch B (18 59) 10.46343

Cof. reclination (42) 9.87107
Sin. declination (50) 9.88425
19.75532

Tan. [ubfiile’s diff, 11 5, 9.29189

As Cof. fubft. difp. (1t 5) 9.99182
Cof. arch B (18 59) 9.97571
Radius —_— 10.

Cof. flile's beight 15 30 9.98389

As
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As Sin. arch B (18 59) 9.5122% Fig.
Radius - ¥o. 4 37
Sin. fubftile’s diftance (11 5) 9.28383

S.plane’s dif. longit. 36 13, 9.77156

Then make a table of hour arches, placing 36 13
againft 12 ; and fAnd the reft as ufual. From which
find the hour angles by this analogy, and put them
into the table.

Radius

Sin. fiile’s beight 4

Tan. any hour arch,

Tan. correfpondent bour angle.

B i hour hour
: arches. angles.
4 83 47 | 07 49
5 68 47 | 34 33
6 53 47 | 20 3
7 38 47 | 12 7
8 23 47 6 43
9 e e
Subftile
10 6" 13 I 40
It - 13 5
12 36 12 LT
I Er1g 15 a2
2 R e BT RS
SO 81 12 | 59 58
Confltruiiion.

Draw PY near the bottom of the plane, parallel
to the horizon, the lat. being greater than A ; and
take ‘P on ‘the left hand for the center, being eaft

Yov decli-



¥

Fig, declination. Make the angle YPI = 51 26; the

34. height of the meridian; and to the left IPV =
11 5, the fubftile’s diftance; and VPT = 15 30,
the ftile’s height. Then make the angles with the
fubftile BV, on the left, 2 43, 642, 19,7, &,
and onthe right, 1 40, 5 55, &c. as in the table;
and draw the hour lines. And CPT is the ftile.

3. By the Scale.

Having found the requifites by Gunter, draw
the horizontal line PY, and meridian PI, ma-
king the angle 51 26, to the right. Make the an-
gle IPV 11 5, and PV is the fubftile. Thro’ the
center P draw 0d perpendicular to PV. And take
15 30 the pole’s height, from the line of latitudes,
and fet from P to & and 4; then take the whole line
of inclination, and fet from & to 4, in the line PV,
and draw éa, da. Then having made a table of
the hour arches, take them feverally, from the line
of inclination, and fet them from & in the lines 2é
and -@d. - That. is, et 6 i3, 21 13, 36 33, &ec.
(0 195117, 12y 1. 25 93 e0d feBil 474 23 am,
28 47, &c. to g, 8, %7, 6, 5, 4. - And thro’ thefe
points, draw the hour lines from P. And PCT
will be the ftile, making the angle CPT = 15 30.

In all fuch dials, a10 = %4, a11 = %5, a12
=:-06,8c, andl a9 —;d3, a8 = da,ia7 £ di, of
= d1ol e,

If it happen that the arch A is equal to the la-
titude, then the dial plane will pafs thro’the pole ;
and the dial will become a horizontal equinoétial
dial, as in the following Prob.

LR QL.
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Fig.
PROPBD X

« Todraw a dial apon a declining reclining plane,
paffing thre’ the pale.

Examp. _

Suppofe a dial plane declines 50° eqft, and reclines
%4° 28 imithedat. 54>,

L]

1. Geometrically.

The procefs here is exactly the fame as in the 38.
laft Prob. till you draw PO or pO, which will be
parallel to IH the 12 o’clock line. Then proceed
thus, draw the contingent QMK perpendicular to
the meridian, and to the fubftile pC, which mult
be parallel to the meridian. Set CL the height of
the ftile from C to V in the fubftile ;. and draw VM.
Then from the center V defcribe a {femicircle, which
divide into houss as ufual, beginning:at VM ; then
lines drawn from the center thro’ allithefe points of
divifion will cut the contingent line QK in the hour
points.  Thro” which points, lines. drawn parallel
to the meridian, will be the hour lines; and CV
the ftile’s height, which may be a parallelpogram.,

2. By Calculation.

Here A = latitude, and the pole’s herght above
the plane is o; and the other requifites are found
as before, except the plane’s difference of longi-
tude, which is found thus. '

Radius 10.
Sin. latitude (54 30) 9.91068
Tan. declination (50) 10.07618

Tan. dif. longitude, 44 8, 9.98686 7

and beight of the meridian 6‘3 35
Tbe arch A 54 30
I 3 Thc,_
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Fig, The arch B = o, and fubftile’s diftance is o or
38. no angle, becaufe the ftile, fubftile and meridian
are all parallel. Therefore afflume the height CF
= 2.7 inches, and putting the feveral hour arches
into a table, find the hour diftances, by the fol-
lowing proportion, which put into the table.
As radius :
Stile’s bejght in inches :
Tan. bour arch :

Hour diftance.

hour hour

e arches. |diftances.
3 8g 8 | 108.0

2 74 8 9.50

1 | 59 8 4.52

12 445 8 2.62

Il g0 .58 1.50

10 Edieng 0.68

Subftile

9 o 52 . 0.08

5 Lo 0.77

7 ga 52 1.61

6 | 45 52 278
i 60 " 52 4.84
4 | 75 52 | 10483

Conflruliion.

Draw the horizontai line AY ; make the angle
YAC = 63 35, and draw AC for the {ubftile, in
which take C for the foot of the ftile, and thro’ C
draw the contingent QO pcrpﬁndicular to AC.
Then fet off the hour diltances from C, in the line
QQ), as they are in the table ; and thro’ tht.fe points
draw lines parallel to AC fDr the hour lines. Make

€L and BN = 2.4, and LNBC 1s the ftile,

3. By
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3. By the Scale. P;Sg :
Having found the requifites, and made a table of
the hour arches. Draw the horizontal line AY,
and draw the fubftile AC, making an angle of 62
35 with AY; draw QCK pfrptndicular to AC.
Then from either polar line, take the {everal hour
arches, as in the table, and fet them from C, in
the lines CK and CQ. Then thro’ thefe points
draw lines parallel to the fubftile AC, for the hour
lines. The ftile muft be a parallelogram CBNL,
whofe height CL is the diftance from the beginning
to the hour I1I upon that polar hne.

For inclining dials.

1. In the Geometrical work all the difference is
in the triangle GFH 3 for in an inclining dial, you
muft take the point G below C, and H above it,
fee fig. 37, and then the horizontal line GI will be
below, and the meridian IH will run upwards from
I. And the angle IOP or 10p muft always tend
to that part of the meridian 1Z, above 1; and,
made equal to the latitude ; and the interfection of
Qp or OP, will'always find the center ; then. all the
reft 1s plain.

2. For the Calculation, the fame rules ferve as
for recliners ; only the arch A is always more than
9o°. o

3. The working by the Scale is. alfo the fame,,
when the requifites are found.

We may here take notice, that a fouth weft re-
cliner turned uplide down, becomes a north weft
incliner ; and a fouth eaft rechiner turned upfide
down, becomes a north eaft incliner ; the quantity
of the declination and inclination remaining the
fame 3 but the hours muft be numbered contrary.

Alfo if a dial be turned upfide down, the back-
fide (the hours appr:arixig thro’ the plane,) will be

4 i3
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-Fig.iis‘ oppofite incliner, But the midnight hours muft

38. be left out, and fome others put in, by producing

the reft thro® the center.

PR OB, XL

To draw a north declining, reclining or inclining dial,
Examp. 1.
Suppofe a N. dial plane to decline eaftward 25°%

and to incline 15°, in lat. 54+.

1. Geomelrically.

Let C be the foot of the ftile, DCE perpendi-
cular to the horizon, CF the height of the ftile
perpendicular to DE.

‘Make'the angle CFG = the proclination ; down-
wards, becaufe it inclines, and CFH the comple-
ment of it, to cut DE in H the zenith.

Thro’ G draw the horizontalline AG perp. to DE.

In GE take GR = GF, and make the angle GRI
equal to the declination of the plane, to the fame
hand 1t declines, that 1s, eaft.

Thro’ 1 and H draw the meridian or 12 o’clock -
line HI.

Thro’ C draw CMK perpendicular to HI.

In the line CH fet CM from C to L, and ex-
tend from L to F, and fet it from M to O, in the
ine MK ; and O is the dividing center of HP.

Draw Ol, and make the angle IOP downwards,
equal to the latitude, and draw OP interfecting
Hl! in P the pole for the center.

Thro’ P and C draw PCV for the fubftile.

Thro’ C draw the contingent QQ perpendicular
to the fubftile PC, interfecting the meridian PH
in N.

Take CT = CF, and draw PT, and CPT is
the fiile,

' Take
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Take the neareft diftance from C to PT, and fetFig. -
it from C to V, in the fubftile PCV, and draw VN. 39.
From the center V defcribe a femicitcle, which
divide into hours, beginning at VN. Then draw
lines from V thro’ thefe points to cut QQ 3 and then
from P thro’ the points in QQ, draw the hour lines.

2. By Calculation,

Here the data being the fame as in ex. 1. Prob.
XIX, all the requifites will be the fame, being
found by the fame rules for an incliner, as for the
oppofite recliner ; and are as follows.

Height of the meridian TR
Arch A :

Ftar g%
Arch B —_— I0VRRg
Subftile’s diftance 8\ Wi
Stile's beight — e
Plane’s dif. longitude 25 1p

Here A being greater than the latitude, your
pole is elevated.

Then fee the table belonging to that example.

Conftrutiion.

At the bottom of the plane, draw the horizon-
tal line PY, and make the angle YPH = 83 ¢, to
the right hand, and PH is the meridian, or 12
o’clock. Make the angle HPV = 8 1, to the
right hand, becaufe the declination 1s to the left,
and PV is the {fubftile. Then from P draw the
hour lines, making the angles with the {ubftile PV,
as you find them in the table. Thus VP1 = 10
1gy NP1k o= 05 sxgtand VY =iy, VP =
19 41, &c. Make the angle CPT = 17 19, and
CPT is the {tile.

3. By the Scale.

Find the requifites by Gunter. At the bottom
of the plane, make the angle YPH = 83 9, and

angle
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40.

DIALLING.

angle HPV = 8 1, and PV is the fubftile. Draw
bPd perpendicular to PV. Set the pole’s height
(17 19), taken from the line of latitudes, from P
to & and 4, and fet the whole line of inclination
from & to @, and draw ba, da. Then take the fe-
veral hour angles (as in the table), and fet from
a towards 4 and 4. Thus take 4 41 and fet from
a to 2, and from & to 8. Set 19 41 from a to 3,
and from 4 to 9. Set 34 41 from & to 4, and
from 4 to 10, &c. Then from P draw lines thro’
all thefe points for the hour lines. Make the angle
YPT = 17" rgwfotithe: file.

Example 2.

Suppofe a nortb plane to decline weffward 60°, and
rvecline 52°, in lat. 54=.

1. Geometrically.

About the middle of the plane take C for the
foot of the ftile 3 thro’ which draw DCE perpen-
dicular, and CF parallel to the horizon, and make
CF = height of the ftile.

Make the angle CFG = reclination, upwards
becaufe the plane reclines, and CFH thé comple-
ment of it, cutting DE in G and H the nadir.

Thro’ G draw ﬂG perpendicular to DE, for a
horizontal line,

In GD take GR = GF, and make the angle
GRI = the declination (60°) ; to the fame hand it
declines, which 1s weft.

Thro’ 1 and H draw the 12 o’clock line TH.

Thro* C draw CMK perpendicular to 1H, cut-
ting it in M.

]n the line CD fet CM from C to L, and extend
from L to F, and fet it from M to O, in the line
MK, for the dividing center of PH.

Draw OI, and malce the angle IOP downwards

(being a nuith plane) equal to the latitude (542),
and
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and draw OP, interfecting IH in the pole P, forFig.
the center of the dial. 40,

Thro’ P and C, draw PCV for the {ubftile.

Thro* C, perpendicular to the fubftile PC, draw
QQ, for the contingent, interfecting the 12 o’clock
line PH in N.

Take CT = CF, and draw PT for the edge of
the ftile.

Take the neareft diftance from C to PT, and
fet it from C to V in the fubftile PCV, and draw
VN.

From the center V defcribe a femicircle, which
divide nto hours as ufual, beginning at VN. Then
drawing lines, from V thro’ the points in the circle
to cut QQ; and then from P thro’ the points in
QQ; and thefe laft will be the hour lines. And
the hours muft be numbered from PN, 1, 2, 3, 4,
&c. to the left hand, and the midnight hours left
out.

2. By Calculation.

As Sin. reclination (52°) 9.89653
Radius —— 10.
Cotan. declination (60) 9.76143

Tan. beight meridian, 36 14, 9.86490

As Radius —_— 10.
Cof. declination (60) 9.69897
Cotan. reclination (52) 9.89280
e r—
Cotan. arch A, 68 40
Colat. 35 30
Arch B 104 10O

e e = TS

Here the north pole is elevated, Then,

Cotan.
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Fig. Cotan. arch B (104 10) 9.40212

40. Cof. reclination (52) 9.78934
S. declination (60) 993753
19 72687

Tan. fubft. diffance, 64 40 10.32475
or rather 115 20.

As Cof. fubfiile’s dift. (64 40) 9.63132
Cof. arch B (104 10) 9.38871
Radius 10.

Cof. frile's beighty 55 75 ° 9.75739

As Sin. arch B (104 10) 9.98658
- Radius —_ 10.

Sin. fubfiile’s dift. (64 40)  9.95608

Sin. dif. longitude, 68 47,  9.96950
or rather 111 13. e

Then make a table of hour arches placing 68 47
againft 12, and adding or fubtrating 15 degrees,
ﬁnd the reft ; and from them the hour angles, by
the fc:lluwmg analogy, which put into the table as
ufual. But the midnight hours muft be left out.

Radius : '
8. flile’s beight : :

Tan. any bour arch :

Tan. beur angle from the fubfile.

Hours.
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( o hour hour
*xek i drches, angles.
11 byt a7 "l "8z " 26
12 68 47 | 64 41
1 | 53 47 | 48 15
2 | 38 47| 33 24
3 o RO T L e
4 8 47 7. 13
| Subftile

6132 et -
1y a3 10 A0
36 13| 31 o
51 13 | 45 36
66 13 | 61 .45
of i 79 20

Confirutlion.

From a convenient point P for the center, draw
the horizontal line PY. Make the angle YPI =
36 14, the height of the meridian to the right, and
draw the 12 o’clock line IPN quite thro’ the center.
Alfo make the angle NPV = 64 40, the fubftile’s
diftance, on the left hand, as the declination is weft,
and draw the {ubftile PV. Then from P draw the
hour lines, to make angles with the fubftile as in
the table; and the hours that are wanting draw thro’
the center, leaving out the midnight hours. Make

the angle VPT = 55 7 the {lile’s height, and CPT'
1s the ftile.

oW oo~ v

el

3. By the Scale.

Find the requifites by Gunter, or otherwife ; and
draw PY parallel to the horizon. And make the
angle YP! == 36 14 the height of the meridian,
ancd draw [PN; and make NPV = 64 40, the
fubitile’s diftance ; and draw the fubftile PV 5 and
draw 46Pd perpendicular to PV ; and from the

line

125
Fig,
40.
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Fig. line of latitudes take 55 % the pole’s height, and

40, fet from P to 4 and d. Then fet the whole line of
inclination from 4 to @, and draw 24, da. Then
having a table of hour arches, take them from the
line D% inclination, and fet them from ¢ towards 4
and 4, in the lines 44, ad; and draw lines from P
through thefe points 5, 6, 7, 8, 4, 3, 2, &c. for
the hour lines. Make the angle CPT = 55 7,
and CPT is the fiille. The other hour lines that
are wanting, muft be drawn thro’ the center.

If A be = the latitude, then B is go°, and the
fubftile’s diftance, and plane’s dif. longitude are
alfo 9o°, and the ftile’s height is found by this pro-
portion ; 7ad: §. declination : : cof. reclination : cof.
Jiile’s beight. -

If A be lefs than the latitude; then B, the {ub-
ftile’s diftance, and plane’s dif. longitude, will be
lefs than go.

If A be greater than the latitude, then B and
the fubftile’s diftance, are greater than go°; as in
this example, where IPV 1s greater than a right
angle.

For inclining dials.

In thefe, the point G will be below C, and H
above it ; and the angle IOP mutt be taken down-
wards from I, which reprefents a point of the ho-
rizon. The calculation, and projection by the
{cale, are the fame as in the oppofite recliners; but
the contrary pole will be elevated. Hence we may
know, that if we want a north eaft incliner, we
muft make a fouth eaft recliner, and turn it upfide
down. Or if we want a north weft incliner, we
muft make a fouth weft recliner, and turn it up-
fide down : but the hours muft be numbered the
contrary way from the meridian. Alfo any dial
being made for'a reclining plane; the ftile and

hours
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hours produced thro’ the plane, will make a dial, Fig.
for the oppofite or inclining fide of the plane.

I fhall here add two or three more examples,
with the requifites, hour diftances, and hour angles ;
leaving the conftruction thereof, for the exercife
of the young ftudent.

B 1

Suppofe a S. E. plane declives 25°, and reclines 19°,
in the lat. 547

Height of the meridian 81° 22/
Areh A e 69 12
Subftile’s diftance 5 59
Stile’s beight 13 27
Plane’s dif. longitude 24 15
| hour hour |
e arches. | angles.

5} 80 45 lis5 00
6 | 65 45:.1i:5% A8
7 V5D .45 ) 1553
8..1" 35 45 9 30
9
0

20 45 5 o +2
1 B4k I 20
Subftile |
11 g a5 3 o0

12 24 15 5- 859

Hoes 2.
A N.W. plane declines 55°, and reclines 2075 3 lat-

I
54°%

Fleight of the meridian B2 2.5
Arch A — g2 b
Subfiile’s diftance G2 57
Stile’s beipht 36 39
Plane’s dif. longitude. i

Hours
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Eitias hour hour
* | -arches. angles,
2 |76 57 | 68 47
AR 0L s I a8 Ak
4 |46 57 | 32 55
5 3t 57 20 25
6 PGy co 10 .19
7 RN i 10
Subftile
8 U4 >3 T 53
G . ogBisg 17 39
By, 2y

A N. E. plane declines 50°, and reclines 70°, in lak.

54+

Height of the meridian
Arch A
Subflile's diffance —
Stile’s beight
Plane’s dif. longitude

p—

4[{: 46.’
RS 1
147 29
63 13
35 3%

Hours.
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ScuoLIUM.

In all thefe forts of dials, the horizontal line is’
of great ufe, and ought to be kept on, when the
other lines are rubbed out ; for by the help of that,
the dial 1s fet up in its true pofition. Alfo in all
kinds of dials, that thow the hour, &c. by a per-
pendicular pin, the horizontal line cuts off all fu-

erfluous lines in every dial, which can never be
touched by the fhadow of the ftile. For what is
above that line is of no ufe, becaufe the fun is be-
Jow the horizon, and cannot then fhine on the dial,
or caft any thade above the horizontal line ; exceps
the dial happen to be fhifted to a new place.

K PR OB,
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PR O-B. XXII.

To draw any bour line, when the line from the cen-
ter of the dividing circle, does not cut the contingent
line, within the plane.

Let C5 be the hour line to be found, where the
dividing line N# drawn from the center N of the
circle, does not reach the contingent line AB. Try
how near the dividing line N#, approaches the con-
tingent AB, about the fide of the plane, as within
3, 5 & &c.of NQ. " Eake' fuch a part'of NQ,
at which diftance from Q, draw an obfcure paral-
lel to AB, to cut Nz in ¢; draw chr parallel
to the fubftile NQ. Then take the fame part of
QC (as 75 +» &c.), and fet it from b to ¢, in the
parallel ¢z, and thro’ 4 draw the hour line Cs.

Or thus. When the dividing line N# approaches
the contingent AB very flowly ; draw Cr, Nf pa-
rallel to AB. And fee what part of NQ_ (as
X, %, 4, &c.) the line N# 1s diftant from Nf, near
the edge of the plane. Set that part from N to-
wards Q, from which point draw an obicure pa-
rallel to AB, to cut N# in ¢; then thro’ ¢ draw fr
parallel to NQ; and take the fame part of CQ,
and fet from » to 2; and thro’ ¢, draw the hour
line Cs.

When the end # of the line N# comes nearer AB
than Nf, the former way is to be ufed ; but when
it comes nearer Nf, the latter method.

T he reafon of this operation 1s, that CQ_: QN :;
ba: bc: : ra: fe, by fimilar triangles.

PR OB < OTE.
To draw o dial upon the cieling of a'room, which .
will fhew the hours by reflexion.

Place a {mall piece of a looking glafs exally
horizontal in a window, where the fun fhines ; mea-
fure
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{ure the perpendicular diftance from the glafs toFig.
the cieling, for the height of the ftile ; and where 12.
the perpendicular cuts the cieling, is the foot of
the ftile. Then having the height of the ftile, and
its foot; make a horizontal dial thereto upon the
cieling (by Prob. VIL.); and that will be your dial.
The glafs' is beft placed pretty high, as upon the
tranfom.

This dial is no more than a horizontal dial, 41.
turned upflide down. For let CB be the cieling, G
the glafs, GC perpendicular to the cieling, and
equal to CF. Then if AG be aray of the fun,
refletted from G to the cieling, and FB a dire&
ray. Then the direct rays AG, FB will be parallel,
and therefore the angle CFB = angle CGA, and
CGA = CGB, becaufe the angle of incidence is
equal to the angle of reflexion. Therefore CFB =
CGB, and GC being equal to CF, the direct ray
FB and the reflected ray GB will fall upon the fame
point B, of the cieling. Therefore if a dial be
made on the plane CB, for the ftile CF, to thew
the hour by the direct rays F'B, it will ferve equally
for the reflected rays GB.

For the drawing of this dial, a meridian line
muft be had; therefore at 12 o’clock, when the
fun i¢ in the meridian, hang up a line and plummet
clofe by the glafs, mark its fhadow in the floor
with chalk ; transfer this to the cieling, by help of
a plumb line, and it will be the 12 o’clock line.
~ If your window does not face the fouth, you may

draw an eaft and welt line, thus. Calculate the fun’s
altitude when ealt or weft ; then obferve with a
quadrant when he has that alutude ; and at that
moment hold up a line and plummet, clofe to the
- glafs, thick enough to caft a thade to the oppofite

wall, this carried up to the cicling gives the point
of eaft or weit. |

K 2 Ic
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It will be beft to draw your dial firft upon a.
large paper, and when that is done, draw a line
perpendicular to the meridian to cut all the hour
lines ; and then meafure the feveral diftances of
the hour lines from 12, upon this line, in inches;
and alfo the diftance of this line from the foot of
the ftile. Then draw a line on your cieling as ma-
ny feet from the foot of the ftile, on which fet off
the feveral hour points in feet, which were mea-
{ured before in inches; thro’ which draw the hour
lines to the center of the dial. But becaufe the foot
of the flile is commonly within the wall, and the
center without doors ; 1t will be neceflary to draw
two perpendiculars to the meridian, and get the
hour points in both, thro’ which the hour lines muft
be drawn.

If you would continue the hour lines along the
fides of the room ; draw them firft quite thro’ the
cieling till they cut the walls. Then a plane pafi-
ing through any hour line and the glafs, will cut
any wall in the fame hour line. Therefore extend
a thread from the glafs to the extremity of any
hour line upon the cieling, which keep fixt there.
Then extend another thread acrofs it, from the o-
ther end of the fame hour line, juft to touch the
former thread, and to reach to the oppofite wall;
it will touch that wall in a point, thro’ which the
fame hour line 1s to pafs,

Note, inftead of a glafs, you may ufe a little
water, which of itfelf, will always have its furface
horizontal ; for if the glafs be not horizontal, the
error by the reflexion will be doubled. And the
water being always in motion, by the agitation ot
the air ; makes the point of reflexion on the cieling
more eafily diftinguithed. _

Cor. After the fame manner, a dial may be made
on the floor of a room s to fbew the bour, by the fba-
dow of ablack [pot in the window, :

or
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For let CB be the floor, and F a place in theFig.
window upon which you muft ftick a patch {o large 41.
as to give a_thadow in the floor. Then 1if FC be
taken for the height of the ftile, and C for its
foot. And a horizontal dial be made on the floar,
to the itile CF, whofe height you muft meafure;
it is evident, the fhadow of the point F upon the
floor wili thew the hour of the day.

BR OB. XXV,
To jind what latitude a dial is made for.

Meafure the angle that the ftile makes with the
plane of the dial, and that will be the lattude, if it
was a horizontal dial; or the complement of the
latitude, if it was an erect fouth’ dial.

But if the dial has no ftile, as it may happen
to be broken off by fome accident. Then meafure
the angle between the hour lines of 12 and 3, or
12 and 9. Then find the tangent of this angle;
feek that tangent among the fines, and the arch be-
longing to it, is the latitude, if it is a horizontal
dial ; or the complement of the latitude, if itis a
full fouth dial, or a full north one.

Or in general, meafure the angle between 12 and
any hour line ; then take the hour arch belonging 3
and fay,

As Tanz. bour arch :

Tan bour angle : :

'So Radius :

S. laiitude for a horizontal dial, or ¢of. lati-
tude for a dire@ fouth or north dial.

PR O B:. XXY.
How to place a dial in a true fituation.

Before any dial can be truly drawn upon a plane,

it is neceffary to have the fituation of that plane,
| 4 3 fuch
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Fig. fuch as the inclination and declination, and the la-
titude of the place, which are the neceflaty data
for conftructing it. And when the dial is drawn,
it 1s equally neceflary to place it in the fame fitua-
tion, or elfe it can never thew the time cruly, If
the dial was drawn upon a fixt plane, there is no
more to be done with it; but if it is upon a loofe
moveable plane, 1t will require the fame operati-
ons to fet it up, as were uled in determining its
fituation. '

‘n the placing any dial, the three following di-
rections muft be obferved. 1. That the horizon-
tal line, which 1s drawn for this purpofe, be placed
parallel to the horizon. 2. That it be placed fo as
to have its proper declination. 3. That it may
have its proper degree of reclination or proclina-
tion. Thefe rules ferve generally for all dials, and
muft be exactly performed, if you would expeét
the dial to go truly.

In-a horizontal dial, the meridian muft be fet
north and fouth, which may be done by Prob. I.
or by help of a line and plummet held up at
12 o’clock. Then the meridian or 12 o’clock line
muft be placed perfeétly level ; and fo muft the
6 o’clock hour lines. And this may be done by
help of a level, or with a quadrant,

ﬁ a full fouth dial, the plane of it muft face the
fouth diretly, which may be done by a compafs,
or fetting it to twelve o’clock, exaltly at noon.
And the 12 o’clock line muft be perpendicular to
the horizon, which may be fet by a plumb line.
Alfo the plane of the dial muft be placed perpen-
dicular to the horizon, to be done alfo by a plumb
line. | '

In upright declining dials, the 12 o’clock line
muft be fet perpendicular by a line and plummet;
as alfo the plane of the dial. And it muft have its
proper declination, and this may be done by hel;;

' 0
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. of a compafs, or more exactly by the {un’s altitudeFig.
_and azimuth, as defcribed in Prub I11.

And laftly in declining reclining dials, the hori-
zontal line muﬁ be fet parailel to the horizon. And
. the declination, fet out by the compafs, or by the
t. fun’s altitude and azimuth. And the fame recli-
nation muft be given to the dial as it was cal-
culated for; the method whereof is defcribed in
E . Prob. I

The greateft difficulty is to fet a dial to the true
declination. Therefore if you have a watch truly
fet, and the dial have its proper pofition in other
refpeéts. Then if the fun fhines, you’ll {fee whether
the watch and the dial agree or not; if not, alter
the declination till they do agree. And if the ho-
rizontal line be now parallel to the horizon, and
the dial have its proper inclination, and the time
agrees with the watch, you may conclude your dial
truly {et ; and there it muft be fixt.

PR OB, - XXV

Any dial being made for one place, bow to fet it up
in any other place, to fhew true time.

If you would fet it by the rules of this art, you
muft know the latitude it was made for, and the
declination and inclination, if it has any. Thefe
things being had, its fituation, in its original place
is known. = Therefore to fet it in any other latitude,
you muft place it in a fituation quite parallel to its
firft fituation, and the thing is done.

For a horizontal dial, note the difference of la-
titude between its nngmal place and your place.
Then raife the north fide of the dial, if it be car-
ried northward, or the fouth fide, If 1t 1s carried
fouthward ; {fo many degrees, as 1s the difference

of iautude and there fix it.
K 4 For
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For an upright fouth or north dial, fet it to lean
towards the fouth if it is carried northward; or
towards the north, if carried fouthward, as many
degrees as 1s equal to the difference of latitude,
And if 1t reclined or proclined before, north or
fouth; it muft be made to recline or procline, fo
much more, or fo much lels, as the cafe requires.

A full eaft or weft upright dial muft be fet to
face the eaft or weft; but the horizontal line muft
be elevated at the north end, if it is carried north ;
or the fouth end if carried fouth, as many de-
grees as the difference of latitude comes o,

For all forts of declining dials, new requifites
muft be found to fet them up by. Let AB be the
meridian, B the place it was made for, A the place
it is to fet up in. Make the angle GBF = decli-
nation of the plane, BD the reclination of the
plane, and BF its complement. Let F be the
pole of the great circle DE, and thro’ A draw the
parallel circle CA, alfo draw FAE. Then in the
fpherical triangle FBA, there are given FB the
comp. reclination, the angle FBA the fupplement
of the declination, and BA the difference of lati-
tude. To find FA the comp. reclination at A ;
the angle FAB the declination at A; and angle
AFB the elevation of the horizontal line of the
dial, above the horizon at the place A. And ac-
cording to thefe new requifites, when found, the
dial muft be fet up; and not by the declination
and reclination at B, where it was made. And this
holds for the oppofite inclining plane.

For fince BD is the reclination, if the dial is re-
moved to D, it will be an upright dial, and fo it
will be at F.; and when brought to A, and fet pa-
rallel, AE will be its reclination, the fame as it
would have at C, or in any place of the parallel
circle AC, for it will always be in the plane of it.
Therefore FAB will be the declination'at A.  And

fince the horizontal line of the dial is parallel to
the



Sect. II. PIALL NG 137

the horizon, when the dial is at C, or any whereFig,
in the circle FD ; therefore when it is removed from 42,
C to A (in a quite parallel pofition) being ftill in

the plane of the circle CA, that end of the hori-
zontal line next A, mult needs be elevated above

the horizon at A, to an angle equal to the arch
CA or DE, or the angle BFA ; or the end next C,
depreffed fo much.

It may be noted, that in an eaft and weft re-
cliner, FBA will be a right angle. And in an up-
right decliner, FB will be a quadrant, or BA will
coincide with DE, and FA will be greater or lefs
than a quadrant, according as the angle FBA is
obtufe or acute.

. Otherwife.
This Prob. may alfo be done mechanically, af-

ter this manner. Stretch a thread, or rather a wire,
between two fixt points, fo that it may be parallel
to the earth’s axis, or point directly to the pole.
Then take your dial, and fet the edge of the ftile
clofe to the wire, or at leaft parallel to it, and con-
tinuing it fo, turn the dial gently about this axis,
till the fun, fhining on it, {hews the true hour of
the day ; which may be known by a clock, or by
another dial. There fix your dial; or at leaft keep
it in that pofition, till you take the declination,
and reclination of it, as has been fhewn before ;
and then the dial may be fet, from thefe requifites
obtained.

Cor. Hgnce you may place a dial, [o as to fbew the
bour of the day in any given place of the world,

For if the ftile be held clofe to the wire, as be-
fore directed, and the dial be turned gently about
the wire and ftile, as an axis; till the fun fhews
the time fo much more than the true, as the lon-
gitude of the faid place is more eaft than your
place ; or elfe that it fhew the time fo much Ilefs

tian
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Fig. than the true, as the place differs in longitude weit-
ward. There fix the dial, and it will always fhew
the true time at that place. Here 15 degrees of
longitude is equal to an hour, 30 to two hours,
45 to three hours, &c. Therefore the dial being
fet fo much fafter for a place of eaft longitude; or
fo much flower for a place in weft longitude, will

conftantly thew the hour of the day at the other
place. '

PR B rXRVIL

To find the bour of the night by the moon’s [hining
upon a fun dial.

Get the moon’s age, or the number of days from
either change or full, to the prefent time ; and take
=5 thereof for the number of hours that the moon
is behind the fun. Add thefe hours to the time
fhewn by the moon, on the dial ; throwingout 12 if
it exceed, and you have the hour of the night.

Or thus. 1f you know the time of the moon’s
fouthing, count how many hours and minutes the
fhadow on the dial wants of 12 o’clock ; fubtract
them from the time of her fouthing, for the hour
of the night. But if the thadow be after 12, add
thefe hours and minutes (on the dial) to the time

of her fouthing, rejecting 12, if it exceed ; and
you have the hour of the night,

ScHoOLIUM.

Before I leave this fection, I fhall put together a
few general obfervations, which a diallift ought
always to remember.

1. In drawing any dial, work with obfcure lines,
or fuch as may be rubbed out again; for we have
no farther occafion for them after the hour lines,
and fubfitile, are obtained. '

2. It is beft to fix the ftile upon the fubftile,

before
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before the dial is drawn; for for it will be diffi-Fig.
cult to fix it truly after. And it muft always ftand
perpendicular to the plane of the dial.

3. In all dials, efpecially fuch as are troublefome
to draw ; to have it exaltly done, firft make a
draught of it upon paper; and then transfer all
the lines from thence to the dial plane.

4. In every dial, the thicknels of the ftile is to
be confidered ; and a fpace left at the fubftile, e-
qual to its thicknefs ; juft as if the dial was to be
cut thro’ at the {ubftile, and the two parts fepa-
rated, to a diftance equal to the thicknefs of the
ftile. And therefore it fhould be made fo at firft.

5. If the fun is to thine more than 12 hours on
the dial; you may get the remaining hours, which
you want, by producing the hour lines already
drawn, thro’ the center.

6. When the center of the circle is found, that
is to divide the contingent line, which may be ta-
ken on either fide of it; you may defcribe a cir-
cle with any radius, and it is beft done by a line
of chords; and the hour arches fet off thereby.
For 1n all circles, that are alike divided, the radii
will cut the contingent in the fame points.

7. If you would have half hours or quarters
upon your dial, you muft divide each hour of your
circle 1n halves or quarters, and draw lines thro’ the
points to cut the contingent line, as in whole hours.
And in the calculation, inftead of 15 degrees; add
continually 7° 20/ for half hours, or 3° 45’ for
quarters, and calculate accordingly.

8. In any dial, leave out the midnight hours;
and all hours, at which time the {fun can never
fhine on the dial.

9. In any dial, place the numbers for the hours,
{o as to be moft legible; therefore it would be ab-
furd to place them upfide down, in regard to the
{pectator.

10, Every
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10. Every dial muft be fo placed, that the up-
per edge of the ftile may point directly to the poles
and that the horizontal line be perfettly level ; and
that it have its proper declination and inclination.
And in an upright dial, that the 12 o’clock line be
perpendicular to the horizon.

11. When any dial plane paffes thro’ the pole,
it requires an equinoctial horizontal dial to be made.
And the ftile will be parallel to the plane.

12. Every dial is too faft in the morning, and
too {low in the evening ; owing to the refraction of
the fun-beams, by which the {un is raifed higher,
and the fhadow brought nearer the fubiftile.

13. To draw any hour line Cj (fig. 12.) when
it does not cut the contingent within the plane.
From the centers C, N, draw Cr, Nf, parallel to
the contingent AB. Try how much the projeéting
line N# advances towards the contingent AB near
the edge of the plane at b, as 5, 7 or 5, &c. of NQ.
Take fuch a part of NQ_in your compafles, and
running one foot along Nf (or QB), mind where
the other cuts N#, as at ¢ (the feet of the compafies
being parallel to NQ). Thro’ ¢ draw fr parallel
to the {ubitile NC. Then take r4, (or ba) the fame
part of #b (as fc (or be) 1s of fb, as +, +, &c.) Then
thro’ @, draw the hour line Ca5. See alfo fig. 28.

Or thus. To draw C7; draw gp parallel to C2,
which is 6 hours from C8, to cut the hour lines
C8,Coq, indand & Set db from d to f; thro’ f

draw the hour lines C?*a,

SECT:
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SECT. IHL

Zhe Confiruction of fome other [orts of
Dials 5 and drawing the Parallels if
Declination, Parallels of Altitude,
and other fuch Furniture upon Dials.
A Table of Latitude and Longitude
of Places.

P RO B L
To make a Dial upon the furface of a [phere.

H1S i1s done without any ftile, only by the 44.

line bounding light and darknefs. There-
fore get a {phere or globe, AEBQ, and mark two
points of it, d:ametrlcaily oppuﬁte, for the two
poles, of which P is one. ' In the middle between
thefe poles defcribe the equinoctial EQ, which may
be done thus; open the compafies to a quadrant’s
diftance, and fetting one foot in P, with the other
defcribe the equinoctial EQ, which divide into 24
equal parts, for hours. Then mark thefe divifi-
ons thus; put 6 to the top, and 7, 8, 9, 10, 11,
12, fucceflively to the other divifions on the left
hand, and 5, 4, on the right; thefe are to be
placed above the equinoctial for the forenoon hours.
Again to the fame point 6, put 6 under the equi-
noftial, and 5, 4, 3, 2, 1, 12 on the right hand,
and 7, 8, on the left; thefe are for the afternoon
hours. Then the globe is to be fixed fo 1n the fun,
that the pole P may be elevated above the horizon,

as much as is the latitude, or fo that its axis may
P{.'I"iﬂ'i
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point directly to the pole ; and the point 6 muft be
on the top, fo that the circle P6B may be in the
meridian. 'Then as the fun conftantly illuminates
half the globe ; the circle terminating the enlight-
encd part, will always fhew the hour of the day,
where it cuts the equinoétial EQ. And 12 o’clock
is thewn at two places, E and Q; at E at the end
of the forenoon hours; and at Q, at the begin-
ning of the afternoon hours.

P RYO'B. T

To make a common ring dial for any latitude.

This dial muft be made of a ftreight plate of
brafs, before it is turned into a ring ; for it would
be troublefome to engrave the numbers on the in-
fide after it is turned. Let ABGD be the ring, per-
fectly circular, whofe breadth 1s I, This ring is to
be {fufpended at A, and is to fthew the hour of the
day by the fun’s thining thro’ a hole on the fide AR
in the fummer months, and falling among the figures
on the oppofite fide 8, 7, 6, 5, &c. placed on the
infide of the rim. And in the winter months the
fun is to fhine thro’ a hole in the fide AD, among
the figures on the infide of AE . Now fince the
fun’s height is different at different times of the
year, the hole it fhines thro’, muft be moved high-
er and lower according to the {fun’s declination, or
which i1s the {fame thing, according to the month
and day. Therefore we muft thew how the months
and days are to be placed on. the outfide of the
rim, to fet the hole by ; and likewife how the
hours are to be placed oppofite thereto. .

Let the line 2zlz be equal to the circumference of
the im ARIGK, and the correfpondent parts equal,
AF ='zf, FLi = fo, EH ;= da-Hl.= o iG=
Ig, GK = gk, and AK = ak, &c, and lat. ff; 2o,

or
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or kk, be, the breadth of the rim. Then firft for Fig.
the fummer months. Take any place G near the 45.
bottom for the 12 o’clock line, let gg be the line.
Draw GH parallel to the horizon. And make the
angle HGE = complement of the latitude, or
height of the equinoétial ; and EGF = fun’s great-

eft declination, 234°. Or which 1s the fame thing,
make HCE (or HE) = twice the comp. latitude,
and ECF (or EF) = twice the greateft declination.
That is, if za be divided into 360 parts or degrees,
then be = twice the comp. latitude, and ¢f = 47°
Let FK be parallel to the horizon. Make the an-
gles KF8, KFy, KF6, &c. to KF1, equal to the
fun’s altitude at 8, 7, 6, &c. of the clock, when

he is in the tropic of cancer. Or make K8, K7,
K6, &c. equal to twice thofe altitudes ; which let be
equal to k4, k5, k6, &c. in the line yx.

Again draw EL parallel to the horizon, and make
the angles LEj;, LE4, LE3, &c. equal to the
fun’s altitude at 5, 4, 3, &c. o’clock, when he is
at the equator. Or making &6 or £/ (m the line 22)
= KL ; and then 65, 64, 63, &c. twice the fun’s
altitude at 5, 4, 3, &c. And if his depreffion at 7,
and 8, be placed at 7 and 8. Then drawing lines
thro’ the correfpondent hours (for forenoon and
afternoon), you’ll have for the hour lines 48, 57,
66.0 755 84, G35 '10'2,°11 1, and 12 12. And
thefe altitudes of the fun muft firft be computed
by fpherical trigonomertry.

Then for the days of the month, which are to
be put upon the outfide of the rim at EF, whofe
place on the line yx is ¢f ; and let ersf be that fpace.
Then take the double of the fun’s declination for
the beginning of every month, and fet from ¢ to-
ward », thro’ which points draw lines perpendicu-
lar to ¢f, and divide the {pace in each month into
3 parts, each rcprtfenting 10 days. And put let-

ters for the names of the months as in the figure;
M for
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Fig. M for Mareh; A for April, M for May, T for June;
45. I for July, A Her: Auguit, § for September. “In
the middle of this {pace is a channel for the flider,
with the hole;“to'fhov@ im: © s " ow all
The néxt thing™is for che winter months. Take
the point M™for'the"r2 o’clock ‘line further from
the bottom, ‘Becaufe’the fun goes low in' winter ;
draw MN patallel ‘to the horizon, make NO =
twice the comp.*latitude, ‘and draw OP parallel
to the horizon; and make the angles PO5, PO4,
PO3, &c. equal'to'the fun’s alticude at 5, 4, 3,
&c. in the afternoon, when the fun is in the equi
noctial. “Or if p or 6 be the place of P, make
27, 78, p9, &c. twice'the height at 7, 8, o," &o.
o’clock, in the morning, in the line 1Z. In like
manner making OQ_="47°; and drawing QR pa-
rallel to the horizon, make the angles RQ3g, RQz,
RQI, the fun’s"altitude when'in the tropic of ca-
pricorn, and his depreflion at 4, 5 and 63 let
their places be at 6, 5, 4, &c. in the line dx.
Then draw the hour fines 12 12,1 11, 2 10, 39,
48, 57, and 66,5 g |
Laftly, the months muit be fet off on the part
OQ, as was done. upon EF. Let og be that
fpace inthe line 4y. Then twice the fun’s declina-
tiony at the beginning of every month, muft be
{fet off from ¢ towards.g ; and all completed as in .
the fummer months.  ‘Lhefe two parts fr and go
muft be engraven on the outfide of the rim, at FE
and QO. o S
All the lines being grawn, and numbered, the
plate azxy muft be beni into the form of a ring,
truly circular, and the lines ay, zx, foldered toge-
ther at A, where a loop of wire muft be fixt,
at which it is to hang by a thread. There is to be
made a channel quite round the middle of the
plate ; o this a thin flip of brafs is to be fitted, to
moye back and forward, having two holes in it,
againft
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agl?inft the parts EF, and OQ. And in thefe placesFig,
EF and OQ, the channel is cut quite thro’ the 4s.
late, |

. The ufe of the dial is this; fet the proper hole
againft the day of the month whether fummer or
winter, which is eafily done by moving the lip of
brafs back and forward. And turning the fide AE
towards the fun in fummer, or AD in winter; let
the dial hang by the thread at A, then the fun’s
ray paffing thro’ the hole, will projeét a fpot of
light among the hour lines, which fhows the hour
of the day.

But #ote, the hour lines not being parallel ; you
muft make the fpot of light fall at or near the fide
xy, when the fun is at or near either tropic; and
near the fide AZ, when near the equinoétial ; whe-
ther it be beforenoon or afternoon. And in ge-
neral, keep further from 4z, as the fun is funﬁgr,
from the equinottial.

PROB L
To make a univerfal ring dial.

Such a dial as this will fhew the hour in any ,¢
latitude, and 15 thus made. AECF and ABCD
are two brafs circles, the outermoft AC reprefents
the meridian, and the inner one BD the equator.
ABCD is divided into 24 equal parts or hours be-
ginning at the edge of the mericfian AE; this cir-
cle turns upon an axis AC, whofe ends are fixt in
the meridian at A and C; and may be fet {quare or
perpendicular to AECF, putting it againft the ftops
at A and C. The points E and F, which are at
a quadrant’s diftance from A and C, reprefent the
poles ; here a flat piece of brafs FG is placed, whici
turns round upon its axis, going thro’ two pieces
of brafs fixt at E and F. Along the middle of

g FG,
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FG, there is a long {lit, in which a piece of brafs-
P with a {mall hole in it, is moveable up or down,
to be fet to the day of the month. - The quadrant.
AE is divided into go degrees, fo that the nut N
may be fet to the lauzude of the place, by fliding
it along. The circle AC is hollowed out between
A and E, and a piece of brafs wire fits into it, and
is faftened beyond A and E 3 this wire goes thro’
a hole in the bottom of the nut N. The 1 piece FG
is graduated with the months after this manner;
the tangent of the fun’s declination (to the radius
nf' the inner circle), is fet from the middle towards

, for north declination ; and towards G for fouth.
ﬁnd each month divided into three parts of 10 days
each.

- The ufe is this; open the inftrument till the
horary circle BD reft againft the ftops at C and A.
Move the nut N till the black line in it falls upon
the latitude of the place. Meve the flider P till
the hole be againft the day of the month. Then
1'ui"pend the dial by the thread at N, and turn
the piece FG round its axis till it face the fung;
and move the dial, till the fun fhining thro’ the
hole, cafts the fpat of light upon the black line,
which runs along the middle of the infide of [he
hour circle BD; and the numbers on the upper
fide, fhews thf: hour. © At this time the circle
A¥CF is in the plane of the meridian; .and the
circle BD parallel to the equinoétial.

TSR O BT

70 make a dial upon s quadrant. i

Let CAB be the quadrant divided as ufual inro
go ‘degrees, CP a line” and plummet.” Defcribe
the arch HY at a convenient diftance from AR, for
inferibing the months, which 1s “done thus. Find

the



Pl XV- }oa.wrf‘.







Sect. III. e AL NG 14%
~ the fun’s meridian altitude when he is in the twoFig:
tropics 3 lay the line CP over thefe altitudes, by 47+
which draw the lines m#, op. Then all the months
are contairied in the fpace mopn. |

~‘About the middle of the fpace CH or CI de-
fcribe the arch FG. Then lay the line CP 'to the
height of the equinoctial among the degrees, and
where it cuts FG, make a mark, as 12, Draw the
right lines 12 m, and 12 o, forthe 12 o’clock lines
in fummer and winter, refpectively.

For infcribing the months; find the fun’s decli-
nation, and from thence his meridian altitude, at
the beginning of every month ; and laying the line
CP fucceflively over thefe degrees, draw lines by,
it, within the fpace mopn, as you {ee in the figure ;
and thefe lines divide the months from one another;
which may be divided into days as you will, and
the names of the months written within them, or
at leaft the initial letters. |
- To draw the reft of the hour lines; and firlt for

the fummer months. To do this, we mult firfk
find all the hour points upon the line HI. There-
fore when the fun is in the tropic of cancer, by
{pherical trigonometry, find the fun’s altitude for
every hour; which mark upon the arch HI at 1,
2, 3, 4, &c. by laying the Ene upon the feveral
degrees of the quadrant. Again, find the fun’s
altitude for every hour to 6, when heisin the equi-
no&tial. Make marks for thefe in the arch FG,
at 114 10, g, 8, &c. Then draw the hour lines
1 11, 2 10, 39, 48, &c. which will be right lines
very nearly. Then for the winter months, you
muit in like manner find the fun’s altitude for every
hour, when he is in the tropic of capricorn, and
make marks along the arch of. From which draw
lines to the marksin FG, whichwillbe 1 11, 2 10,
2 9, &c. and thefe will be the hour lines, for the

winter,
L 2 But
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“But a as fome' of theé' fummer hour’ lines "do. not
cut the arch GFj and’ fome of the winter hour
lines, the arch IH‘ we muft find the points where
“they cut the line G, ‘at'fun-rife or fun-fet. There-
fore for any fuch hour you have the afcenfional dif-
ference, 15° for x hour from 6, 30° for 2 hours,
&c. Then from the afcenfional difference, find the
declination s . and by that the meridian altitude.
Then laying the thread over thefe degrees of alti-
_tude, oblerve where it cuts the line 12 12, take
_the diftance from, that point to the arch HI, and
Aet it from L Wﬂ,’l& 1G and you'll have the point
.in IG, d;:,ough thh that hour line is to; be

pﬁ% hnur lmes drawn ver}r ex-
ate.a it

tle from right lines;. pro-

“{:ce,d thus f.,:;@L&ut the middle of the fpace GI,

defc’n e arch ;Et} Lay thc thread over the
_point D or 4,, ;ﬂmg as 1t is fummer or winter,
whﬂre thaj: archmtq.{fe&s one of the 12 o’clock
~Aines ,ﬂ,anc} pmqt,he grees cut, which take for the
dun’s mertd:aq,ah;g:u .. From thence find his, de-
clination,;. LThen;by oblique. {pherical  triangles
(Cafe 8),, find his, titude for any,hour, except.12
(wh}ch by c.cm_ ; 10;3i 1s; a.nght Jine); lay. the
. threa mfcrg}\ a ggmeanf altltude, and where it

cu;q thearg E{Qm%ﬂ* third pmnr. to; draw j;he hour
me thm‘t‘* ‘o 5:3

you 13? th fupt SLaltitudﬂ for ev:ry
fmlﬁ LE W ? 1.1 Lc labour. of calculation.

"Taufe the, u rgm: in ﬁndmg the hour, of the
da,),ri ) Tllirﬁ‘{ i gm,ll} hﬁ:.ar. which {lips up and

dﬂwp the th 9;1 } kay the thread over the day
ok, the moth, mr-‘ﬁbm up or, down, ;till
1Lfa 3,00, Hh¢ , Lheny hnldmg the -
. quagdrant wprig t,l : pﬁr:.]hm: qnd plummet, may

Hang at, llblﬂ' Yo 2

]F 1 a}r freely ; .then holding it fo
18 the 1un, 1at the

1aglow of the perptndmulax
P:ﬂ

]"
L=
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pin at C, may fall on the line CF ; then the bead Fig.
refting among the hour lines, will thew. the hour 47.
of the day. And note the hour lines in fummer run
upwards towards the left hand ; and in winter, up-
wards towards the right, . . -

% 2 N
To draw the parallels of declination upon’any dial.

Any circles of the fphere, “whether great or
{mall, are eafily defcribed by'the rules of “the gno-
monic projection -of the fphere before delivered ;
“swhich, if the reader underftands, 'he 'needs no other
directions. In thele forts of Problems, I fhall
therefore be as fhort as pofiible, and'deliver what
I have to fay in a general way, 'which’'may eafily

be applied to particular cafes, ' Here all things be-
longing to the dial muft be “fuppofed known, as
the height of the ftile, the' place of the fubftile,
&¢. " Then the parallels of 'the fun’s"declination
will be found, by finding the'dividing ' center of
-every hour circle ; by which’ the ‘declination’ is to
be fet off from the equinoctial, upon thefe feveral -
hour circles, or the complement of the declination,
‘from the pole, which is the center of the dial '

Let PC be the fubftile, CF the'ftile, ‘'and C the 48,
foot of it. Draw FO perpendicular to'PF, and O
1s a point of the equinotial. Thro’ ©'draw the
equinoctial QQ perpendiculdrto’ PO." 'Make the
angles OFB and OFD equal to the declination of
‘the parallel, north and fouth," as fuppofe 23%.
Then B and D will be the'points’' in’ the fubftile,
thro” which the north' ‘and fouth’tropics pafs; or
the vertices of the two hyperbola’s reprefenting the
tropics.  Then to find tf;e ‘points upon the other
“hour lines, as fuppofe on Pri:""From C the foot
of the ftile, draw CGL, perpendicular to the hour

L 3 ¥ ling,
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Fig line, and CH parallel to it, and equal to CF.

48 Then fet GH from G to L, on either fide the hour
line P11, and L is the dividing center of Pi1. Draw
LE to the point where the hour line interfeéts the
tqumﬂﬂlal thenmake'the angles ELM and ELN
equal to'the daclma{nm“ﬂf the parallel “23%); and
M and N willvbe kwo points 'where the ‘{ame two
parallels pafsithros and by the - like procefs, the
points in evety hour'line are found. Then two
curves drawn thro’ <all vehefe points,  as RDS:'and
VBX, will bétherparallels .required, one fouth,
the othér northyt Andsthas ‘all the parallels ‘may
be drawny or thofe/at thie beginning of every figh,
having their 'declinations given 3 and being marked
with the ﬁgﬂts of ) Avies, Taurus, &¢. the fhadow
of the toprof ! therftile F, wﬂl {hew when th& ﬁm
enters any of thefe figns. -

“In-a horigontalycor:a d1re€t north or fauth dra!,
having found the points on one fide the meridian
they may befetoffoon’the hour lines en the other
fide. And even in any declining reclining dial,
where the fubftile falls upon fome hour line, the
points on the hdti? lines, on one fide, may be fet
o upﬂn thﬂ hqitf ﬁﬂEs equtdlﬂanr, on thf:: ﬂthér
ﬁda. ph:

“‘The prnfefs 1a§‘ﬁﬂ:the fume when the dial is
horizongal” eqmi;m&iﬂl dial, where the hour hnes
are parallel; “and che ‘fame, in eaft and weft dials.

In horizonty) nder the poles, thefe, parallels
will be' circles, cenrer is the foot of the ftile,
and radius of any "E ual ro the co-tangent of
the  declination’ :he:ght of the file being
radius,

If you make ufe of a triangular ftile POT, you
-muft cut a notch out of the edge at F, for the fun
to thineé thro’ 3 which will do the fame as the fha-
dow of the point F. And the point ¥, for the

B notch,
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notch;” will be fulmd b bréﬂlriﬁ EF pcrpcnd:cularl?tg.
to the fubttile PO. 3 nost ! 41 '2g.

ai' 5t 1 I o
Cﬂfn 1. Hence jﬂ# ﬁﬁ{}"‘ wﬁm mfbﬂd;d the
sime of, fun rifing or- fuw fetting, o ibe ldzgi‘b of the
day, when the fun enters into any of itbe
‘For if the horizontal line be/drawsl on }rﬂur dial,
the interfection thereof | with any 'parallel of the
figns, will fbew among the hours, the time of  fun
riling or fetting,:- w‘ncﬁ may be matked-upon thefe
figas in. the meridian, oron: the//fide df the ‘dial,
or elfe the length of the day.or night; thatison
one fide of the equinoctiall: ;And.if -a. parallel be
drawn to the herizontal hﬂﬁrﬁmthﬁmhﬁr fide of O,
and at the fame diftance from Oy its: mtcrfe&mn
with the parallels of the figns will thew;the hours
on the other fide of the ﬁqsu“inﬂ&ml - But if the
horizontal line does not cut-fome; parallel circle,
then the  time of fun rife muft bé: calculated by
fpherical trigonometry, havmg the dﬂclmatmn of
dmt parallel given. - 73D .

- Cor. 2. Hence the szdmg m::fr L qf' any, bour
line PE, is diffant from the cemer of the dial P, the
length of the axis or fiile PF. And this g:ws an
eafier method of finding the dividing center of an bonr
line. ~ For all thefe t‘.‘fﬂh’m will, be in the circum-
Jerence of a circle deferibed from P. with the radiys

j_.!

-2 4 O 1590 decrrecs — angle’ I.,E, and. PL?
= PG’ - GLZ =BG . G?{: =PG* 4 GL?
+ O = PO CH 5 PO G PR

(IR ;E _}J'., SHEM:
JHD ;1:"-' ¥
Hw o

E b= £
. i P Y

Py . “DPROE
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Ts 'Jqfn'i!rf Juch “lines upon @ dial, as will [hew
fgbﬂ rifing and fetting of the fun ; or the length of the
ays.

To do this, you muft find what declination the
{un has when he rifes at 4, 5, %, 8, &c. of the
clock ; which is eafily done by right angled {phe-
rical triangles, having the afcenfional difference
given; or even by proje&ion. Then having the
declination of each hour, you muft defcribe fo
inany parallels for thefe feveral declinations, by
the laft Prob. fuch as RDS, VBX, &c. which
done, write upon each of them the hour of fun
rife, correlponding to that declination. Or you
may write the hour of fun rife on one fide, and

that of fun fet on the other fide of the dial ; and

the length of the day, where each parallel cuts the
meridian ; or after any other manner, which you
think proper. Where thofe above the equinoétial
ferve for the winter; and thofe below for the fum-
mer, Then at any time, when the fhadow of the
top of the gnomon F, traces out any of thefe }? -
rallels, you’ll have by infpection  the time of fun
rife, or the length of the day.

Cor. By a like method you may infert in a dial a

- bolydays, or remarkable days in the year. -

For you have no more to do but defcribe the
fun’s parallels for thefe days. and write upon them
refpectively, the names of the days; and on thefe
days the extremity of the fhadow will fall upon the
refpective parallels, : I A f10:

PROB.
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Fig
PR OB. VIL i
&“a Jﬁﬁ:ﬂb& the azimuths and circles qf dmmie upm
4% An o o vany dial, Ry

The azimuths being great circles, are pr:}_]e&ed 49.
into right lines; and the parallels of altitude are
-projected into conic fetion, by the gnomonic pro-
~jecticn of the fphere In order to defcribe -thefe,
~we muft have given us the place and height of the
-ftile, the horizontal line, thc zenith, the dmdmg
~center of the horizon : but we have all-thefe from
.the conftruction of the dial. And we muft have
befides the dividing center of every azimuth, by
~help of which we muft fet off the dlﬁ&nﬂﬁ of- each
_-pa-railel upon it.
~. Let DE be a vert:cal 11ne, AGB EhE hnﬂznnta[
ihne, CF the ftile, H the nadir, or rather the ze-
- nith, becaufe the thadow i1s always oppofite to the
fun ; R the dividing center of the horizontal line ;
HI the meridian or 12 o’clock line. From the
center R, divide the horizontal line in parts of 10
or 20 degrees; beginning at the meridian, that is,
at R1; and through the points of divifion draw
- the azlmuths H&, HI, Hm, Hn, &c. from the
zenith H. -

.- Then for drawing the parallels of altitude, we
“have F the dividing center of the azimuth DH.
Therefore at F make the angle GFe equal to the
" diftance of the parallel above the horizon, fuppofe
‘10 degrees, ‘'or HFa its zenith diftance ; and 4 'will
~be the point thro’ which the ‘parallel is to pafs;
and thefe parallels muft be drawn below the hori-
zon AB, as the fhadow is oppelfite to'the. fun.
Then to find the pmnt it muft pafs thro’, in any

" other azimuth Hg ; firft find the dlv:dmﬂ center,

thus; draw C!ﬂr pf.rp{.ncimular to Hg. “Ser CF
! from
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Fig. from b to ¢, and extend from: #:to C; and fet that

49. extent fmm b to r; and 7 is:the: dmdmg center of
Hg. . Therefore atrimake:the angie grd; equalto
the parallel’s diftance frum the horizon; or Hrd its
zenith diftance, and d as-the point-for the parallel
to pafs thro’. 1« Alfo) Ol 'was: the dividing center of
the meridian FL: Therefore make. the angle 104
equal the parallel’s diftance/(10°),and & is its point
in the meridian. . Ahd the points being thus found
in all the azimmhs, draw vthe' curve xdaby, which
will be the parallel of altitude of 10 degrees. ‘And
whenever the fhadow of the point F of the ftile,
touches that parallel xay, the fun is 10 degrees
high. "And thus all «the parallels may be drawn,
at every 10 degrees diftance, up to the zenith.

If the azimuthsandparallels of altitude, were
to be defcribed on a horizontal dial; then the azi-
muths are right lines drawn from the foot of the
ftile C, making equal angles with one another,
And the parallels of altitude are circles, and the
radius of any ‘one is the tangent of the zenith dif-
tance, the ftile. CF being radius, and C the center.
For here the zenith falls in C the foot of the ftile.’
<+ If -the dial be an eret ‘one, then the zenith H
is at-an infinite' diftance; and therefore all the'azi-
muths: are ‘parallel to one another, and perpendi-
cular to the horizon: ' Andthe hurizuntal line goes
thro’ C the foot of the ftile ; ; and the dividing cen-
ters of the azimuths are all in the horizontal Ime;
and the parallels of! alitude will be hyperbola’s.

. The azimuths are -tolbe: numbered' frnm'-f:t:f
o’clock ; the weft azimuths towards the eafty and
the eaft towards| theiweftu: And if cthe tropics are
defcribed in your:dialy youoneed only draw fuch
parts of the ‘azimuthsivas are contained between
the tropics ; or between: the lower tropic and the
horizontal line 3 forthe! hariznn cuts off all the fu-
perfluous-partss - § a5 euln oL llou ¥

Cor..



Sect.1ll. DI ALLANG. 155

- Cor. ‘Here we wnay ufe n fhorter way for finding the Fig,
dividing center vilof \amy azimuth'y Jike that for divi- 49,
ding the mswdmm s awhich sbaldsifor all grm.t circles
meeting in & pointycasHinott soneihih 2ol

About Hg deferibe alfemicircle, orrofly a fmall
part thereof befide » ;-mwith) thd!exte:nt Fy and
on¢ foot in H, ¢crofs it atry for the center, - 0

«For Hrg I:remg a right angle, it is infcribed in'a
fElIllClI‘EiE, whofe diameter isdHg ; .and Hr is equal
to. ‘HF, whxch is prﬁved s beﬁwe; in Cur. 2.
Prﬁb Vi ) Q 1315 1o Ioll

PR@E Wh

F[’ o draw the Ea@»{mn ﬁuﬁm m sz,dm!

1

The Baéyﬁonm# .&a:m' are: 1rcnknncd fmm ﬁm 50:
nﬁng to fun rifing, and-arezigrequal hours, nearly
of .the fame length as«the ::mrimnn hours; mly
they are differently numberedip= =

The way of defcribing thefe hours i the fame
for all fiarts. of dials ;> fo that being fhewn for: one,
it will ferve for all. Therefore in a fouth dial, let
FC be the perpendicular ftile,. P the center. Draw
FO perpendicular to FP, torcut the meridian P12
. O thro’ O draw the equinoétial AB' perpendi-
cular to Pi2. Then find what precife: hour the
{un rifes at; when nearefteither:tropic ; as fuppofe
at 4 in fummer, and at/8inlwintery and in the
equator-he rifes, in all places, at 67 ‘then find “his
declinﬁtiun,--whtn he rifes at:thefe titnes 3y and 'by
Prob:. V. draw two  parallels for «that declination,
mms and #ny oneither fidetherequino€tial. -~ Draw
alfo the twotropicsicé, andoddywhich are only of
ufe to terminite the “hourlings, 'when /drawn.

Qbferve all-the-points where theshour lines of
the dial cut the fouch paraliel i ; ‘then fince the
Babylonian " thours proceed sfrom' 1 to 243 ‘and
in thls parallel he rifes at 8; therefore  write

24
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24 at that point of the parallcl where the :1ght
‘o’clock line pafless and. write 1atg, 2 at 10, 3
at 11, &c.

Alfo note where:the hour lines cut the equinoc-
tial AB; and fince the fun then rifes at 6, call that
24150 then i7:4s 151 and at (8 write: z., at 4 wnte 3
at 10 Write, 44 &cly w0

<1-Again - obferve  all cthe: pomts where the- hcmﬁ-
hnes of the.dialicut thenorthern parallel #z. - And
fince here the funirifes-at 4, call that 24, and s
call | Iy 6 call 2; *71111], 358 call 4, g call 5, or at
g Write 5, atndonwrite: 6, at’ 11 write 7, at 12
write 8, &¢; for the Babylonian hours.
« «This. fiune,; youchave nﬂthmg to do but draw
lines thro’: thefe points- where the figures are the

fame, as:22,:33) 4451555, 666, 777, 888, 999,
10 10, &c. and thefe are the Babylonith hours;

which are right-lines, becaufe they reprefent great

circles of -thie fphere pas:will be evident at ﬂght,

by:looking on a:iglobe;

We may nbferve, if the hﬂnzontal lin was
drawn thro’; the foot rof s the ftile’ C, it'would pafs
thro’: the interfecion of :the araliel mm, with the

8 o’clock lings: becaufe. the fun'rifes at 83 ‘and
-alfo thro’ its mr{cﬂm w1th the 4 uciock line,
‘becaufe:it dets'at ‘gq!

All this being dane, then atrany time when the

fun fhines, thﬁ top, F of'the ftile, will fhew the Ba-
-bylonian hour of ithe day, among the Babylonian
‘hours 3. as well as:the true hour; a:nﬂng the h-;}ur _

lines of the dial.

~ PROB.
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The Im!m# bours begm at fun fet,fand are nun- 51+
bered to 24 at fun fet next days°t oi‘are equal
hours, nearly the fame as‘common’ he Thefe
hours are drawn the fame way from fun-fet, as the
Babylonian hours were drawn from {un rife, 7000
: Havmtr defcribed upon: your dial, 'the ‘equinoc-
tial line AB the two tropicsy ce’ and dd;, and ‘the
two parallels mim, wny forthe fun’ mfettmg at 4'and
8 o’clock ; obferve where the:fouthern: parallel min
cuts the 4 o’clock hour line; and mark: it 24. Alfo
Obﬁ:rve where the other hour lines. scut ‘it, “and
write 23 at 3, 22 at 2, 21 at 1y & Y
.- Alfo obferve where the hour lines cut the eqm-
noctial, and reckon 6 (inthe cvctﬂng} 2 45 thf:n 5
is 23, and at 4 write 22, ar 3 write 21,3at2 WI‘ItE
20, &c. [ SVI9K

And obferve where the! narthem parallf:l i 1s
cut by the hour lines, 'and call '8 (at night) 24,
and 7 call 23, 6 call 22, 5 call 21574 call 20, 3
call 19, orat 3 write 19, av’2°write 18, at 1 write
17, &c. Then lines drawn thro’ 'the points with
the {ame numbers, will-be. the hour lines; as 14
14,15 15 15, 16 16 16y &cioThen when the
Aun. fhines, the end of the “ftilelFwill thew the

Atalian or.commen. hours,’ amnng thmr rcfpe.fl:wﬁ
hour lines. b od

‘Cor. If both the Babylonian and Italian hours were
defcribed upon one dial y the hour lines of both, wiil
interfect in tbe parallel circles, where the fun rifes at
4> 5+ 65 75 8, clock, and their balf bours. Or
wherein: a‘.Enr day is 8, 9, 10, &¢. 40 16 hours long.

or it is evident they interfeét in the parallels
mm and #n; and for the fame reafon the other in-

terfections
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terfections would fall in fome other parallels. Sup-

51. pofe a Babylonian hour drawn from 16 to 25, it

52.

will crafs 3 Italian hour lines, in its way; and fo
there will be 2 parallels between 6 and “8 o’clock,
or between 4 and 6; that is, onc' for every half
hour. ' And they will anfwer refpettively to thefe
half hotrs, becaufe the parallels mm, nn, anfwer to
the’ whole hours 4 and 8, Therefore they fhew
fun rife ‘or fun fet, every half hour; or if you
will, the length of the day, in whole hours, by
doubling the time of fun fet. | g

TROH X
" To diaw the Fewil bours in a dial.

The Fewifb honrs, otherwife called the o/d, un-
equal, planetary boars, are reckoned from fun rife ;
and the day from fun rife to fun fet, 1s fuppofed to-
be divided into 12 equal parts or hours; and"
therefore thefe hours in any one day will be equal
to one another, but not equal to the hours of ano-
ther day. For when the days are long;, as in fummer;-
the hours will be long; but in winter, when the
days are fhort, the hours are alfo fhort. The
nights are alfo fuppofed to be divided into 12~
hours; but thefe hours are longeft in winter, ‘and"
fhorteft in fummer. ' But the hours of the day are”
never equal to the hours of the night, but at the
equinoxes ; and then the Jewifh hotirs are equal to
the common hours. i g

Let P be the center of the dial, CF the perpen-
dicular ftile; EQ_the equinoétial, which'is fup-

{fed to be drawn ; if not, draw FA perpendicu-
lar to PF, and thro’ A, draw the equinoctial EQ
perpendicular to the fubftile PA. Set AF from
A to D, fo is D the dividing ceater of the equi-
noctial.

Find
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Find the declination of the fun, when he rifes Fig.
at fome even hour after 6 in fummer ; and as much 52.
before 6 in winter; as fuppofe at 4 in fummer,
and 8§ in winter. Draw two parallels to the equi-
noéial, on each fide, for that declination, as mm
and #n#z. Then when the fun is in the north pa-
rallel #x, the day is 16 hours long, which anfwers to
240 degrees, which divided into twelve parts, gives
20 degrees to a Jewifh hour at that time. Therefore
with the center D, defcribe the circle SAW, which
divide into parts of 20 degrees each, beginning at
the line DN, where the 12 o’clock line cuts the
equino&tial, for our 12 o’clock i1s the fame as the
Jewifh 6th hour. Draw lines from D thro’ all thele
points, to cut the equinoctial ; and thro’ the points
in the equinoctial draw lines from P, to cut the
parallel ## in the points where the hour lines pafs.
Then mark thefe points on the parallel thus, write
6 at the 12 o’clock line, and to the other points,
towards the weit 5, 4, 3, 2, 1; and towards the
éalt 75 85 Gy1040 15 T2,

Again, when the fun is in the parallel mm, the
day 1s but 8 hours long, which anfwers to 120 de-
grees, and that divided by 12, gives 10 degrees to
a Jewifh hour. Therefore from the fame center D
defcribe another circle ; or rather, from a center as
far on the other fide of the equinoctial EQ, - de-
fcribe a circle, which divide into parts of 10 de-.
grees each, beginning at the interfection of the 12
o’clock, and the equinoctial as before; and draw
lines from the center thro’ thefe points to cut the
equinoctial ; and from P, thro’ thefe points in the
equinoctial line, to cut the parallel mm, in points
for the hour lines. Or you may perform the fame
thing, with the other femicircle SaW oppofite to
SAW ; for drawing the line NDr, begin at 7, to
divide the femicircle into equal parts of 10 degrees ;-
from which draw lines thro’ D, to cut the equi-

nottial 5
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Fig. notial ; to which points in the equinoial draw
52. lines from P, to cut the parallel mm in points for
the hours. Then mark the point in the 12 o’clock
line with 6, and the other points towards the weft,
55 45 3, 25 13 and towards the eaft, 7, 8, 9, 10,
11, 12 ; or as many of them as are wanted.
Alfo upon the equinoctial at 12 write 6, at 11
write 5, at 10 write 4, &c. and at 1 write 7, at 2
write 8, at 3 write g, and {fo on. Then drawing
lines thro’ all the three points that have the fame
figures, theie will be the hour lines for the Jewith .
hours ; which will be nearly ftreight lines. But.
if you would be more exact, take two more pa-
rallels between thefe and the equino&ial, and find
the points for the hours as before. :
Note, the two tropics ought to be drawn for
terminating thefe hour lines; but here is not room
in this finall {cheme to draw all the lines required.

Otherwife thus.

The Jewifh hours may alfo be defcribed by help
of the common hours, already drawn upon the
dial. For fince in the parallel mm, a Jewith hout
is 3 a commen hour; and in the parallel #n, 3 a
common hour. Therefore dividing every hour
into 3 parts, fet off from 12, in the parallel mm,
firlt 2, then 14, then 2, then 2%, then 33, then
4 hours both ways ; and mark. the points. Then on
the parallel #z#, fet off alfo from t2 both ways;
15, 22, 4, 53, 6%, and'8 hours, and mark the
points. Then drawing lines thro’ the correfpon-
dent points, and thro’ the points of the common
hour lines, on the equinoctial; and thefe are the
hour lines required, and muft be numbered as be-
fore diretted. '

PROB.
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- o draw mﬂdm lines fua dm!,fo Jhew when it
'is moon at any particular places on the earth.

~ The meridian of any place is eafily drawn in a

dial, if you know the longitude of thar place,
reckoning from yours, either eaft or weft. For
allowing 15 degrees to an hour; by reducing the
longitude to time; you will find what hour and
minute it correfponds with. Therefore reckon fo
many hours and minutes from 12, upon your dial;
towards the weft, if the place lies eaft ; ortowards
the eaft, if weft; and thro’ that point draw a line
from the center. Then when the thadow falls up-
on that line, the fun is in the meridian of the faid .
place. Or having the difference of longitude, or
the hour arch, you’ll find the hour angle, by the
common proportion in dialling.

Suppofe Quebec, whofe longitude from London 537
is 82° weft ; which 1s now 4% hours. Therefore
thro’ 53 hours, draw a line from P, and you have
the meridian of Quebec. And the like for other
places, as you fee in the figure.

Many other things of like fort might be in-
{cribed upon dials, as the circles of the 12 ccelef-
tial houfes, and curves thewing what f{ign afcends
or defcends ; curves thewing the latitude of parti-
cular places, or when the fun is vertical at fuch
places, &c. But as thefe things are of little confe-
quence here, I fhall fpend no more paper about
them.

SCHOLIUM.

Some people may defire to know, how a dial
plane is to be painted ; for if it be made of wood,
it will not endure the weather without painting.
The ground or firft painting, muft be with Spanifh

M brown,
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h lilajt with white lead ; and are to

be gmﬂﬂd'ﬁitﬁ_- ;%%_gl o1l boiled. To grind any

colonr PUF QMR SR, W@uibandully aifer it
ave been ground jometime without; then grin

the cnluufﬁﬁ&*:-éﬁfﬁget er, adding oil by degrees,

I make it like an omntment, and thinner ftill as

you grind the longer. It will be apt to work off
the ftone, if you do not  fometimes {crape it toge-
ther with a Wotii']‘ﬁ”f]{%l‘lifﬁ; or lat. Your plane muft
be coloured feggjmﬁﬁmes .over, to abide the wea-
tHEI‘, -1Etting il::.ﬁiry.t*bbfwﬂgn the times. 2

- For glueing_*fﬂ_‘a&f‘ oints together, boil your glue

in blue or {::-ld‘:_;_"___"';;;buil; the milk firft, and take
off ‘all the fcum, before. you put in your glue.

This holds betteithan glue boiled in water.

As fome people’may want to know the latitude
and longitude of fome remarkable places, I fhall

therefore annex the. following table.

b
is
fa

i
.
v B O

Jap- g |

A Tarere
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A Taste of the Latitude and Longitude of Places;
the Longitude reckoned from London. Thofe places
that are in South Latitude, are particularly marked
with S; and thofe in Weit Longitude, with W.

A,

Aberdeen
"Agra
Aleppo
Alexandria
Algiers
Amfterdam
Arda (Ardra)
Bagdat .
Belfaft
Belgrade
Bergen
Ber%in
Berwick
Bofton(America)
Breflaw
Briftol

s
Cadiz (Cales)
Cairo (grand)
Cambaia
Cambridge
Canterbury
Cardigan
Carliile
Chambala
Charles-town
Chaxumo
Chefter
Chichefter
Coca
Conftantiople
Copenhagen
Cork
Coventry
Cracow

D.
Dantzick
Darlington

Lat.

57
26
36
30
36
52
5
33
54
4
éo
§2
50
42
gl
5l

35
30
z3
52
51
c2
55
57
32
15
53
50
41
41

)
20

28
12
39
50
20

5

26
38
10

5
30
4

5
20
28

30
15
30
16

16
12

o
[ &)
30
o
15
ED
29
2Q

55 40

51 45

52 29

§O ©
3 38

4 31

W

Long.

|

79
37
31

s0W
1z
40
15
27
30
10

o

43.49 |

1IsW
20
21

b
gow

6 40W
32 12
72 21

o ©

O

4 siw
z 40W
139 ©
79 10W
37 e
3 2W
o 48W
3 28W
28 58
12 50
7 30W
1 27W
19 30

]
1 3

S
gW

Davids (Saint)
Drefden
Dublin
Duncola
Dundalk
Dandee

|Dunkirk

Durham
E.
Edenburgh
Exeter

F

Ferro (ifle)
Fez
Florence

: G.
Geneva
(zenoa
Glafcow
Glocefter
Goa
Gombroon

H.
Hague
Hamburg
Hartford
Hanover
Hereford
Hull

|
Jerufale m.
[fpahan
K.
Kildare
Kinfale

L
l[.:mt:aﬂcr

Landaf
:: Lilna

Lat.
o f
§2 ©
sl i
§3 12
17 20
1 2
i
el a

54 54

55 56
50 43

Long.
a f
5 4W
13 40
6 55W|
33 4° |}
242
2 48W

227
1 40W

3 oW
3 30W

27 48
34 10
43 34

17 40W
; 20W
12 24

612
8 41
4 12W
2 10W

73 53
55 45

46 31
44 2
358
52 ©
15 36
27 49

52 12
53 41
51 50
52 29
52 10
53 50

o

3i 46
32 34
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Limerie
Lincoln
Lifbon
London

M.
Madrid
Marfeilles
Mexico
Mongul
Mﬂnnmnupa?
Morocco
Mofcow

N.
Nanchang

(Nankin) -

Naples
Newcaflle
Nice
Norwich
Nottingham.
Nuremburg

5 o
Oxford
R
Paris
Pegu
Pekin
Pembroke
Peterborongh
Peterfburg
Portroyal
Prague

Que bec%

[
52
53
§1
40

43
20
66
=5

35

J

4_1
|55
43
52
53
49

gl

48
I7
40
51
52
50
b7

50

147

Lat.

3t
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Long.
6 48W
o 34W|

55
14

32|

28] |
18 :
Ig
oS
56
47

26
9
38

s1l14
o1

54 7

42| 1
2l 1

40|11
45) 1

sol 2
29197
Ij
515
33) ©
ocl36
32177
014.

35174

451 9
o.
39W

5,
103 12W

1::::.1*154.0'

{
16,118 38
45

s{rrl 1o

2 m-h' R.
(Readi
Rhode';g -.
7W/||Rochefter
o ||{Rome
S,

Salifbury
Sterling
Stockholm
o [{Sufa
=Wl
14 '|[Tenerif
T'ombute
Troy
Tunis
Turin

27

42 W V.
20 ||Venice

7 ||Verfailles
10W||Vienna
1z ||Villa rica

W.
Warlaw

i Wﬂrw.i‘:k
Waterford
Wexford
Winchefter
Worcelter

10W]

v

12

oW
20W

6

s W
28

Ve 'Ze
York
Zuenziga

10W

£

g e e

56
59
45

28
14
39

44

45
48
43
20

52
gz
;2
52
gl
§2

53
z5

Lat.
L'i 28
136

1 30
i’l 47|t

2.1.'—

4
30
22

5
17
20
36

36 20|

56

42

291

10

21

23
18

181

461

B e OhST e g T

= O

10

5zW
s6W
16W
10W

s6W
30W

ERR ATUM, Dialling.

Page g, line 15, fead, rag, his rays.
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