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Of ike Terrefirial Globe. 153

of the interior, For, when a fay a4 falls upon the loweér part of rig. o
the drop b cde, it is refracted into the direction é¢ by entering the
drop; and pafling on to the back of the drop at ¢, it is thence refieCted

in the line ¢4, in which dire&ion it is impoffible for it to enter the eye

at #: but by being again refleCted from the point 4 of the drop, it
goes on in the drop to e, where it pafles out of the drop into the air,

and is there refracted downward to the eye, in the direction ¢f.

L E C T, VIII anp IX,
The defeription and ufe of the glabes, and armitlary [phere.

IF a map of the world be accurately delineated on a {fpherical ball, The errgpriat
the furface thereof will reprefent the furface of the earth: for the ghée
higheft hills are fo inconfiderable with refpect to the bulk of the earth,

that they take off no more from its roundnefs, than grains of fand do

from the roundnefs of a common globe ; for the diameter of the earth

is 8000 miles, in round numbers, and no known hill upon it is three

miles in perpendicular height.

That the earth is fpherical, or round like a globe, appears, 1. from Proof of the
its cafting a round fhadow upon the moon, whatever fide be turned carths being
towards her when fhedis eclipfed. 2. From its baving been failed - gl
round by feveral perfons. 3. From our feeing the farther, the higher
we ftand. 4. From our fecing the mafts of a fhip, whilft the hull is
hid by the convexity of the water.

The attractive power of the earth draws all terreftrial bodies tos And that it
wards its center; as is evident from the defcent of bodies in lines per~ may be peo-

. » pled on all
pendicular to the earth’s furface, at the places whereon they fall; even fae: without
when they are thrown off from the earth on oppofite fides, and con- any one’s be-
fequently, in oppofite direGtions, So that the earth may be compared i Ficka
to a great magnet rolled in filings of fteel, which attra&ts and keeps away B
them equally faft to its furface on all fides. Hence, as all terreftrial
bodies are attracted toward the earth’s center, they can be in no danger
of falling from any fide of the earth, more than from any other.

The heaven or {ky furrounds the whole earth : and when we fpeak of Us and dewws,
ap or dvwn, we mean only with regard to ourfelves; for no point, either "4
in the heaven, or on the furface of the earth, is above or below, but only
with refpec to ourfelves. And let us be upon what part of the earth we
will, we fland with our feet toward its center, and our heads toward the

X {ky:
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fky: and fo we fay, it is up toward the fky, and down toward the
center of the earth.

To an obferver placed any where in the indefinite fpace, where
there is nothing to limit his view, all remote objects appear equally
diftant from him; and feem to be placed in a vaft concave {phere,
of which his eye is the center. Every aftronomer can demonftrate,
that the moon is much nearer to us than the fun is; that fome
of the planets are fometimes nearer to us, and fometimes farther
from us, than the fun; that others of them never come fo near
us as the fun always is; that the remoteft planet in our fyftem,
is beyond comparifon nearer to us than any of the fixed flars are ;
and - that it is highly probable fome ftars are, in a manner, infinitely
more diftant from us than others. And yet all thefe celeftial objects
appear equally diftant from us. Therefore, if we imagine a large
hollow fphere of glafs to have as many bright ftuds fixed to its infide, as
there are {tars vifible in the heaven, and thefe ftuds to be of different
magnitudes, and placed at the fame angular diftances from each other
as the ftarsare; the fphere will be a true reprefentation of the ftarry
heaven, to an eye fuppofed to be in its center, and viewing it all
around,  And if a {mall globe, with a map of the earth upon it, be
placed on an axis in the center of this ftarry fphere, and the {phers
be made to tarn round on this axis, it will reprefent the apparent
motion of the heavens round the earth.

If a great circle be fo drawn upon this {ptere, as to divide it into
two equal parts, or hemifpheres, and the plane of the circle be per-
pendicular to the axis of the fphere, this circle will reprefent the equi-
noftial, which divides the heaven into two equal parts, called the
northern and the fouthern bemifpheres; and every point of that circle
will be equally diftant from the poles, or ends of the axis in the
fphere. That pole which is in the middle of the northern hemifphere,

© will be called the north pole of the [phere, and that which is in the

middle of the fouthern hemifphere, the Jouth pobe.

If another great circle be drawn upon the fphere, in fuch a manner
as to cut the equinoctial at an angle of 23% degrees in two oppofite
points, it will reprefent the ecliptic;~ or circle of the fun’s apparent
annual motion: one half of which ison the north fide of the equinoial,
and the other half on the fouth.

If a large ftud be made to move eaftward in this ecliptic, in fuch
a manner as to go quite round it, in the time that the {phere is
turned round weftward 366 times upon its axis; this ftud will re-
prefent the fun, changing his place every day a 365th part of the

ecliptic 3,
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ecliptic; and going round weftward, the fame way as the ftars do;
but with a motion fo much flower than the motion of the ftars, that
they will make 366 revolutions: about the axis of the fphere, in the
time that the fun makes only 365. During one half of thefe revo-
lutions, the fun will be on the north fide of the equinotial ; during the
other half, on the fouth; and at the end of each half, in the equinotial.

If we fuppofe the terreftrial globe in this machine to be about one The carth,
inch in diameter, and the diameter of the ftarry fphere to be about
five or fix feet, a fmall infeét on the globe would fee only a very
little portion of its furface ; but it would fee one half of the ftarry
fphere ; the convexity of the globe hiding the other half from its
view. If the fphere be turned weftward round the globe, and the Theapparent
infect could judge of the appearances which arife from that motion, metion of the
it would fee fome ftars rifing to its view in the eaftern fide of the ™™
{phere, whilft others were fetting on the weftern: but as all the ftars
are fixed to the {phere, the fame ftars would always rife in the fame
points of view on the eaft fide, and fet in the fame points of view on
the weft fide. With the fun it would be otherwife, becaufe the fun
is not fixed to any point of the fphere, but moves flowly along an
oblique circle in it. “And if the infe@t fhould look towards the fouth,
and call that point of the globe, where the equinoctial in the fphere
feems to cut it on the left fide, the eaf? point ; and where it cuts the
globe on the right fide, the awe/? point ; the little animal would {fee the
fun rife north of the eaft, and fet north of the weft, for 182} revo-
lutions ; after which, for as many more, the fun would rife fouth of
the eaft, and fet fouth of the weft. And in the whole 3635 revo-
lutions, the fun would rife only twice in the eaft point, and fet twice
in the weft. All thefe appearances would be the fame, if the ftarry
fphere ftood flill (the fun only moving in the ecliptic) and the ecarthly
elobe were turned round the axis of the fphere eaftward. For, as
the infe@ would be carried round with the globe, he would be quite
infenfible of its motion; and the fun and ftars would appear to move
weftward.

7We are but very fmall beings when compared with our earthly globe,
and the glabe itfelf is but a dimenfionlefs point compared with the mag-
nitade of the ftarry heavens. Whether the earth be at reft, and the
heaven turns round it, or the heaven be at reft, and the earth turns
round, the appearance to us will be exactly the fame. And becaufe
the heaven is fo immenfely large, in comparifon of the earth, we fee
one half of the heaven as well from the earth’s furface, as we could
db from its center, if the limits of our view are not intercepted
by. hills. X 2 We
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We may imagine as many circles deferibed upon the earth as we
pleafe; and we may imagine the plane of any circle defcribed upon
the earth to be continued, until it marks a circle in the concave {phere
of the heavens.

The borizon is either fenfible or rational. The fenfible horizon is
that circle, which a man ftanding upon a large plane, obferves to
terminate his view all around, where the heaven and earth feem to
meet. The plane of our fenfible horizon continued to the heaven,
divides it into two hemifpheres; one vifible to us, the other hid by
the convexity of the earth.

The plane of the rational horizon, is fappofed parallel to the plane
of the fenfible; to pafs through the center of the earth, and to be
continued to the heavens. And although the plane of the fenfible
horizon touches the earth in the place of the obferver, yet zhis plane,
and zhat of the rational horizon, will feem to coincide in the heaven,
becaufe the whole earth isbut a point compared to the fphere of the
heaven. ;

The earth being a fpherical body, the horizon, cr limit of our view,
muft change as we change our place.

The poles of the earth, are thofe two points on its furface in which
is axis terminates. ‘The one is called the morsh pole, and the other
the fouth pol.

The poles of the beaven, are thofe two points in which the earth’s
axis produced terminates in the heaven: fo that the nerth pole of the
heaven is dire@ly over the north pole of the earth; and the Sfouth
pole of the heaven is direGly over the fouth pole of the earth,.

The equator is a great circle upon the earth, every part of which is
equally diftant from either of the poles. It divides the earth into
two equal parts, called the morthern and fouthern bemifpheres. If we
fuppofe the plane of this circle to be ‘extended to the heaven, it
will mark the eguinoétinl therein, and will divide the heaven into
two equal parts, called the northern and fouthern hemifpheres of the
heaven,

The meridian of any place is a great circle pafling through that
place and the poles of the earth. We may imagine as many fuch
meridians as we pleafe, becaufe any place that is ever {o little to the
eaft or weft of any other place, has a different meridian from that
place; for no one circle can pafs through any two fuch places and
the poles of the earth.

The sneridian of any place is divided by the poles, into-two femi-
circles : that which pafles through the place is called the geographicd?,

or
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or upper meridian ; and that which pafles through the oppofite place,
is called the lwer meridian. :

When the rotation of the earth brings the plane of the geographical Nos and
meridian to the fun, it is moon or mid-day to that place; and when midenights
the lower meridian comes to the fun, it is mid-night.

All places lying under the fame geographical meridian, have their
noon at the fame time, and confequently all the other hours. All
thofe places are faid to have the fame lngifude, becaufe no one of
them lies either eaftward or weftward from any of the reft.

If we imagine 24 femicircles, one of which is the geographical Hour-circls,
meridian of a given place, to meet at the poles, and to divide the
equator into 24 equal parts; each of thefe meridians will come round
to the fun in 24 hours, by the earth’s equable motion round its axis
in that time. And, as the equator contains 360 degrees, there will
be 15 degrees contained between any two of thefe meridians which
are neareft to one another: for 24 times 15 is 360. And as the
earth’s motion is eaftward, the fun’s apparent motion will be weftward,
at the rate of 15 degrees each hour, Therefore,

They whofe geographical meridian is 15 degrees eaftward from us, Longiruds
have noon, and every other hour, an hour fooner than we have,

They whofe meridian is fiftcen degrees weftward from us, have noon,
and every other hour, an hour later than we have: and {o on in pro-
portion, reckoning one hour for every fifteeen degrees.

As the earth turns round its axis once in 24 hours, and fhews itfelf
all round to the fun in that time; fo it goes round the fun once a
year, in a great circle called the ecliptic, which croffes the equino&ial Eeiiprie,
in two oppofite points, making an angle of 234 degrees with the
equino@ial on each fide. So that one half of the ecliptic is in the
northern hemifphere, and the other in the 'fouthcrn. It contains 360
equal parts, called degrees (as all other circles do, whether great or
fmall) and as the earth goes once round it every year, the fun will
appear to do the fame, changing his place almoft a degree, at a mean
rate, every 24 hours. So that whatever place, or degree of the
ecliptic, the earth is in at any time, the fun will then appear in the
oppofite. And as one half of the ecliptic is on the north fide of the
equinodtial, and the other half on the fouth ; the fun, as feen from
¢he earth, will be half a year on the fouth fide of the equinoftial,
and half a year on the north: and twice a year in the equinottial
itfelf.

The ecliptic is divided by aftronomers into 12 equal parts, called sigm and
Jigns, each fign into 30 degrees, and each degree into 60 rs.-imrr;s:"“.s"""-'"
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but in ufing the globes, we feldom want the fun’s place nearer than
half a degree of the truth.

The names and characters of the 12 figns are as follow ; begin-
ning at that point of the ecliptic where it crofles the equinoctial to
the northward, and reckoning eaftward round to the fame point again.
And the days of the months on which the fun now enters the figns,
are fet down below them.

Aries, Taurus,  Gemini,  Cancer, Leo, Virgo,
T o] Ir % L 1y

March April May June July Auguit
20 20 21 21 23 2 3

Libra, Scorpio - Sagittarius, Capricorn, Aquarius, Pifces,

AARA
WYY

SePtchl;Tber O&ober November December  January  Feb,
23 23 22 21 20 18

By remembering on what day the fun enters any particular fign,
we may eafily find his place any day afterward, whilft he is in that
fign, by reckoning a degree for each day ; which will occafion no error
of confequence in ufing the globes.

When the fun is at the beginning of Aries, he is in the equinoGtial s
and from that time he declines northward every day, until he comes
to the beginning of Cancer, which is 231 degrees from the equinoétial :
from thence he recedes fouthward every day, for half a year ; in
the middle of which half, he crofies the equinottial at the beginning
of Libra, and at the end of that half year, he is at his greateft fouth
declination, in the beginning of Capricorn, which is alfo 23 degrees
from the equinoctial. Then, he returns northward from Capricorn
every day, for half a year; in the middle of which half, he crofles
the equinoctial at the beginning of Aries; and at the end of it he
arrives at Cancer.

The fun’s motion in the ecliptic is not perfe@tly equable, for he
continues eight days longer in the northern half of the ecliptic, than
in the fouthern: fo that the fummer half year, in the northern
hemifphere, is eight days longer than the winter half year; and the
contrary in the fouthern hemifphere.

The #ropics are lefler circles in the heaven, parallel to the
equinoctial; one on each fide of it, touching the ecliptic in the points
of its greateft declination; fo that each tropic is 23 degrees from

the
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the equinoctial, one on the north fide of it, and the other on the
fouth, The northern tropic touches the ecliptic at the beginning of
Cancer, the fouthern at the beginning of Capricorn; for which reafon
.the former is called the tropic of Cancer, and the latter the fropic of
Capricorn.

The polar circles in the heaven, are each 231 degrees from the Polar circhs.
poles, all around. That which goes round the north pole, is called
the arétic circle, from &p¥]@s, which fignifies a dear ; there being
a conftellation or groupe of ftars near the north pole, which goes
by that name. The fouth polar circle, is called the antaritic circle,
from its being oppofite to the arctic. ;

The ecliptic, tropics, and polar circles, are drawn upon the ter-
reftrial: globe, as well as upon the celeftial. But the ecliptic, being a
great fixed circle in the heavens, cannot properly be faid to belong to
the terreftrial globe ; and is laid down upon it only for the conveniency
of folving fome problems, So that, if this circle on the terreftrial
globe was properly divided into the months and days of the year, it
would not only fuit the globe better, but would alfo make the problems
thereon much eafier.

In order to form a true idea of the earth’s motion round its axis
every 24 hours, which is the caufe of day and night ; and of its motion
in the ecliptic round the fun every year, which is the caufe of the
different lengths of days and nights, and of the viciffitude of feafons;
take the following method, which will be both eafy and pleafant,

Let a fmall terreftrial globe, of about three inchesdiameter, be fufpended An idea of
by a long thread of twifted filk, fixt to its north pole: then, having the feafons.
placed a lighted candle on a table, to reprefent the fun, in the center
of a hoop of a large cafk, which may reprefent the ecliptic, the hoop
making an angle of 24+ degrees with the plane of the table; hang
the globe within the hoop near to it; and if the table be level, the
equator of the globe will be parallel to the table, and the plane of
the hoop will cut the equator at an angle of 23 degrees; fo that one
half of the equator will be above the hoop, and the other half below
it : and the candle will enlighten one half of the globe, as the fun
enlightens one half of the earth, whilft the other half isin the dark.

Things being thus prepared, twift the thread towards the left hand,
that it may turn the globe the fame way by untwifting ; that is, from
weft, by fouth, to eaft. As the globe turns round its axis or thread,
the different places of its furface will go regularly through the light
and dark; and have, as it were, an alternate return of day and night

in each rotation, As the globe continues to turn round, and to fhew
itfelf
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itfelf all around to the candle, carry it flowly round the hoop by the
thread, from weft, by fouth, to eaft; which is the way that the earth
moves round the fun, once a year, in the ecliptic : and you will
fee, that whilft the globe continues in the lower part of the hoop,
the candle (being then north of the equator) will conftantly fhine
round the north pole; and all the northern places which go through
any part of the dark, will go through a lefs portion of it than they do
of the light ; and the more fo, the farther they are from the equator:
confequently, their days are then longer than their nights, When
the globe comes to a point in the hoop, mid-way between the higheft
and loweft points, the candle will be dire@tly over the equator, and
will enlighten the globe juft from pole to pole ; and then, every place
on the globe will go throngh equal portions of light and darknefs, as
it turns round its axis; and confequently, the day and night will be of
cqual length at all places upon it. As the globe advances thence-
forward, towards the higheft part’ of the hoop, the candle will be
on the fouth fide of the equator, fhining farther and farther round
the fouth pole, as the globe rifes higher and higher in the hoop ; leav-
ing the north pole as much in darknefs, as the fouth pole is then in
the light, and making long days and fhort nights on the fouth fide of
the equator, and the contrary on the north fide, whilt the globe
continues in the northern or higher fide of the hoop: and when it
comes to the higheft point, the days will be at the longeft, and the
nights at the thorteft, in the fouthern hemifphere ; and the reverfe in
the northern. As the globe advances and defcends in the hoop, the
light will gradually recede from the fouth pole, and approach towards
the north pole, which will caufe the northern days to lengthen, and
the fouthern days to fhorten in the fame proportion. When the globe
comes to the middle point, between the higheft and loweft points of
the hoop, the candle will be over the equator, enlightening the globe
jult from pole to pole, when every place of the earth (except the
poles) will go through equal portions of light and darknefs; and
confequently, the day and night will be then equal, all over
the globe.

And thus at a very fmall expence, one may have a delightful and
demonflrative view of the caule of days and nights, with their gradual
ncreafe and decreafe in length, through the whole year together, with
the viciflitudes of fpring, fummer, autumn, and winter, in each annual
courfe of the earth round the fun,

If the hoop be divided into 12 equal parts, and the figns be marked
in order upen it, beginning with Cancer at the higheft point of the

hoop,
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hoop, and reckoning eaftward (or contrary to the apparent motion
of the fan) you will fee how the fun appears to change his place
every day in the ecliptic, as the globe advances eaftward along the
hoop, and tarns round its own axis: and that when the earth is in alow
fign, as at Gapricorn, the fun muft appear in a high fign, as at Cancer,
oppofite to the earth’s real place: and that whillt the earth is in the
fouthern half of the ecliptic, the fun appears in the northern half, and
vice verfd: that the farther any place is from the equator, between it
and the polar circle, the greater is the difference between the longeft
and fhorteft day at that place ; and that the poles have but one day
and one night in the whole year.

Thefe things premifed, we fhall proceed to the defcription and
ufe of the terreftrial globe, and explain the geographical terms as they
oceur in the problems,

This globe has the boundaries of land and water laid down upon The rerryfrial
it, the countries and kingdoms divided by dots, and coloured toffﬂfi;;h"‘
diftinguifh them, the iflands properly fituated, the rivers and principal S
towns inferted, as they have been afcertained upon the earth by mea-
{urement and obfervation.

Thie equator, ecliptic, tropics, polar circles, and meridians, are
laid down upon the globe in the manner already deferibed. The
ecliptic is divided into 12 figns, and each fign into 30 degrees, which
are generally fubdivided into halves, and into quarters if the globe is
large. Each tropic is 23} degrees from the equator, and each polar
circle 23 degrees from its refpective pole. ~Circles are drawn parallel
to the equator, at every ten degrees diftance from it on each fide
to the poles: thefe circles are called parallels of latitude. On large
globes there are circles drawn perpendicularly through every tenth
degree of the equator, interfeCting each other at the poles: but on
olobes of or under a foot diameter, they are only drawn through every
fifteenth degree of the equator ; thefe circles are generally called
meridians, {ometimes circles of lmgitude, and at other times bour-
circles.

The globe is hung in a brafs ring, called the brafen meridian ; and
turns upon a wire in each pole funk half its thicknefs into one.fide
of the meridian ring; by which means, zbaf fide of the ring divides
the globe into two equal parts, called the eaflern and aweflern bemifpheress
as the equator divides it into two equal parts, called the northern and
fouthern bemijfpheres. This ring is divided into 360 equal parts or
degrees, on the fide wherein the axis of the globe turns. One half of
thefe degrees are numbered, and reckoned, from the equator to the

Y poles,
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poles, where they end at go: their ufe is to thew the latitudes of

laces. The degrees on the other half of the meridian ring, are
numbered from the poles to the equator, where they end at 9o: their
ufe is to fhew how to elevate either the north or fouth pole above the
horizon, according to the latitude of any given place, as it is north
or fouth of the equator.

The brafen meridian is let into two notches made in a broad flat
ring, called the wooden horgzon, the upper furface of which divides
the globe into two equal parts, called the wgper and lower bemifpberes.
One notch is in the north point of the horizon, and the other in
the fouth. On this horizon are feveral concentric circles, which
contain the months and days of the year, the figns and degrees
anfwering to the fun’s place for each month and day, and the
32 points of the compafs.—The graduated fide of the bra(s meridian
lies towards the eaft fide of the horizon, and fhould be generally kept
toward the perfon who works problems by the globes.

There is a {mall borary circle, fo fixed to the north part of the
brafen meridian, that the wire in the north pole of the globe is
in the center of that'circle ; and on the wire is an index, which goes
over all the 24 hours of the circle, as the globe is turned round its
axis. Sometimes there are two horary circles, one between each pole
of the globe and the brafen meridian ; which is the contrivance of the
ingenious Mr. Yofeph Harris, mafter of the affay-office in. the Tower
of London ; and makes it very convenient for putting the poles
of the globe through the horizon, and for elevating the pole to
fmall latitudes and declinations of the fun; which cannot be done
where there is only one horary circle fixed to the outer edge of the
brafen meridian.

There is a thin {lip of brafs, called the quadrant of altitude, which
1s divided into go equal parts or degrees, an{wering exaltly to {fo many
degrees of the equator. It is occafionally fixed to the uppermoft
point of the brafen meridian by a nut and fcrew. The divifions end
at the nut, and the quadrant is turned round upon it.

As the globe has been feen by moft people, and upen the figure
of which, in a plate, neither the circles nor countries can be pro-
perly exprefled, we judge it would fignify very little to refer to a
figure of it; and fhall therefore only give fome direCtions how to
choofe a globe, and then defcribe its ufe.

1. See that the papers be well and neatly pafted on the globes,
which you may know, if the lines and circles thereon meet exacily,
and continue all the way even and whole ; the circles not breaking
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into feveral arches, mor the papers either coming fhort, or lapping
over one another.

2. See that the colours be tranfparent, and not laid too thick upon
the globe to hide the names of places.

3. See that the globe hang evenly between the brafen meridian and the
wooden horizon ; not inclining either to one fide or to the other.

4. See that the globe be as clofe to the horizon and meridian as
it conveniently may ; otherwife, you will be too much puzzled to
find againft what part of the globe any degree of the meridian or
horizon is.

5. See that the equinodial line be even with the horizon all
around, when the north or fouth pole is elevated 9o degrees above
the horizon.

6. See that the equinotial line cuts the horizon in the eaft and weft
points, in all elevations of the pole from o to go degrees.

7. See that the degree of the brafen meridian marked with o, be
exactly over the equinoétial line of the globe.

8. See that there be exaly half of the brafen meridian above the
horizon ; which you may know, if you bring any of the. decimal
divifions on the meridian to the north “point of the horizon, and find
their complement to go in the fouth point.

9. See that when the quadrant of altitude is placed as far from the
equator, on the brafen meridian, as the pole is elevated above the
horizon, the beginning of the degrees of the quadrant reaches juft
to the plane furface of the horizon.

10. See that whilft the index of the hour-circle (by the motion of
the globe) paffes from one hour to another, 15 degrees of the equator
pafs under the graduated edge of the brafen meridian.

171. See that the wooden horizon be made fubftantial and ftrong :
it being generally obferved, that in moft globes, the horizon is the
firft part that fails, on account of its having been made too flight.

In ufing the globes, keep the eaft fide of the horizon towards you Dire&ions for
(unlefs your problem requires the turning of it) which fide you uvfing them,
may know by the word Eaft upon the horizon; for then you have
the graduated fide of the meridian towards you, the quadrant of
altitude before you, and the globe divided exactly into two equal parts,
by the graduated fide of the meridian.

In working fome problems, it will be neceffary to turn the whole
globe and horizon about, that you may look on the weft fide thereof;
which turning will be apt to jog the ball fo, as to fhift away that
degree of the globe which was before fet to the horizon or meridian :

%2 to




The Ule of the Terrefirial Globe.

to avoid which inconvenience, you may thruft in the feather-end
of a quill between the ball of the globe and the brafen meridian;
which, without hurting the ball, will keep it from turning in the
meridian,~whil{k you turn the wefkt fide of the horizon towards you.

PROBLEM I
To find the * latitude and + longitude of any given place upon the globe.

Turn the globe on its axis, until the given place comes exaétly under
that graduated fide of the brafen meridian, on which the degrees are
numbered from the equator ; and obferve what degree of the meridian
the place then lies under; which is its latitude, north or fouth, as
the place is north or fouth of the equator.

The globe remaining in this polition, the degree of the equator,,
which is under the brafen meridian, is the longitude of the place (from
the meridian of London on the Englifh globes) which is eaft or weft,
as the place lies on the eaft or weft fide of the firft meridian of the
globe.—All the Atlantic Ocean, and America, is on the weft fide of
the meridian of London; and the greateft part of Eurgpe, and of
Africa, together with all 4#a, is on the eaft fide of the meridian of
London, which is reckoned the firf? meridian of the globe by the
Englifb geographers and aftronomers.

PROBLEM I

The la?zgr'fmfe and latitude of a place being given, fo find that place on the
glabe.

Look for the given longitude in the equator (counting it eaftward
or weftward from the firft meridian, as it is mentioned to be eaft or
welt ;) and bring the point of longitude in the equator to the brafen

* The latitude of a place is its diftance from the equator, and is north or fouth, as
the place is north or fouth of the equator. Thafe whe live at the equator have no la-
titude, becaufe it is there that the latitude begins.

+ The longitude of a place is the number of degrees (reckoned upon the equator)
that the meridian of the faid place is diftant from the meridian of any other place from
which we reckon, either caftward or weftward, for 180 degrees, or half round the
globe, The Englith reckon the longitude from the meridian of London, and the
“rench now reckon it from the meridian of Paris. The meridian of that place, from
which the longitude is reckoned, is called the firf meridian. The places upon this
sneridian have no longitude, becaufe it is there that the longitude begins.

4, meridian,
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meridian, on that fide which is above the fouth point of the horizon:
then count from the equator, on the brafen meridian, to the degree of
the given latitude, towards the north or fouth pole, according as the
latitude is north or fouth; and under that degree of latitude on the
meridian, you will have the place required.

PROBLEM IL

To find the difference of longitude, or difference of latitudé, between any
two given places.

Bring each of thefe places to the brafen meridian, and fee what its
latitude is: the leffer latitude fubtracted from the greater, if both places
are on the fame fide of the equator, or both latitudes added together,
if they are on different fides of it, is the difference of latitude required.
And the number of degrees contained between thefe places, reckoned

on the equator, when they are brought feparately under the brafen:

meridian, is their difference of longitude; if it be lefs than 180: but
if more, let it be fubtrated from 360, and the remainder is the dif-
ference of longitude required. Or,

Having brought one of the places to the brafen meridian, and fet the
hour-index to XII, turn the globe until the other place comes to the
brafen meridian, and the number of hours and parts of an hour, paft
over by the index, will give the longitude in time; which may be
eafily reduced to degrees, by allowing 15 degrees for every hour, and
one degree for every four minutes.

N. B. When we {peak of bringing any place to the brafen meridian,
it is the graduated fide of the meridian that is meant.
% PROBLEM IV.

Any place being given, 1o find all thofe places that bave the fame longitude
or latitude with if,

Bring the given place to- the brafen meridian, then all thofe places
which lie under that fide of the meridian, from pole to pole, have
the fame longitude with the given place. Turn the globe round its
axis, and all thofe places which pafs under the fame degree of the me-
ridian that the given place does, have the fame latitude with that

place.

Since
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Since all latitudes are reckoned from the equator, and all longitudes
are reckoned from the fir(t meridian, it is evident, that the point of
the equator which is cut by the firft meridian, has neither latitude nor
longitude.—The greateft latitude is go degrees, becaufe no place is
more than go degrees from the equator. And the greater longitude is
180 degrees, becaufe no place is more than 180 degrees from the firft
meridian.

PROBLEM V.

5 find the * anteeci, 4 periceci, and + antipodes, of any given place.

Bring the given place to the brafen meridian, and having found its
latitude, keep the globe in that fituation, and count the fame number
of degrees of latitude from the equator towards the contrary pole, and
where the reckoning ends, you have the antes of the given place
upon the globe, Thofe who live at the equator have no antec;.

The globe remaining in the fame pofition, fet the hour-index fo the
upper XII on the horary circle, and turn the globe until the index
comes to the lower XII; then, the place which lies under the meri.
dian, in the fame latitude with the given place, is the perizeci required.
Thofe who live at the poles have no perieci.

As the globe now flands (with the index at the lower XII) the
antipodes of the given place will be under the fame point of the brafen

* The antasci are thofe people who live on the fame meridian, and in equal latitudes,
on different fides of the equator. Being on the fame meridian, they have the fame hours ;
that is,when it is noon to the one, it is alfo noon to the other ; and when it is mid-night
to the one, it is alfo mid-night to the other, &c. Being on different fides of the equa-
tor, they have different or oppofite feafons at the fame time 5 the length of any day to
the one is equal to the length of the night of that day to the other; and they have equal
clevations of the different poles,

t+ The periazi are thofe people who live on the, fame parallel of latitude, but on
oppofite meridians : fo that though their latitude be the fame, their longitude differs
1Bo degrees. By being in the fame latitude, they have equal elevations of the {ame
pole (for the elevation of the pole is always equal to the latitude of the place) the
fame lgngth of days or nights, and the fame feafons. But being on oppofite meridians,
when it 1s noon to the one, it is mid-night to the other.

4 The antipodes are thofe who live diametrically oppefite to one another upon the
globe, fanding with feet towards feet, on oppolite meridians and parallels. Being on
oppofite fides of the equator, they have oppofite feafons, winter to one, when it js
fummer to the other ; being equally diftant from the equator, they have the contrary
poles equally elevated above the horizon ; being on oppofite meridians, when jc is noon
to the one, it muft be Inidnight to the other; and as the fun recedes from t
when he approaches to the other, the lenoth of the day te one muft be equal to the
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meridian where its anf@es ftood before, Every place upon the globe
has its antipodes,

PROBLEM VL
To_find the diftance between any two places on the glbe.

Lay the graduated edge of the quadrant of altitude over both the
places, and count the number of degrees intercepted between them
on the quadrant; then multiply thefe degrees by 6o, and the product
will give the diftance in geographical miles: but to find the diftance in
Englith miles, multiply the degrees by 691, and the produc will be
the number of miles required. Or, take the diftance betwixt any two
places with a pair of compaffes, and apply that extent to the equator ;
the number of degrees, intercepted between the points of the com-
paffes, is the diftance in degrees of a great circle *; which may be
reduced either to geographical miles, or to Englifh miles, as above.

PROBLEM VIL

A place on the globe being given, and its diftance from any other place,
to find all the other places upon the globe which are at the fame diftance

Jrom the given place.

Bring the given place to the brafen meridian, and fcrew the quadrant
of altitude to the meridian, diretly over that place; then keeping the
globe in that pofition, turn the quadrant quite round upon it, and the
degree of the quadrant that touches the fecond place, will pafs over
all the other places which are equally diftant with it from the given.

lace.

This is the fame as if ene foot of a pair of compafles was fet in the
given place, and the other foot extended to the fecond place, whole

* Any circle that divides the globe into two equal parts, is called a great circle, as Groar cir.
the equator or meridian. Any circle that divides the globe into two unequal parts
(which every parallel of latitude does) is called a leffer cirde. Now, as every circle, Lo eivches
whether.great or fmall, contains 360 degrees, and a degree upon the equator or meri-
dian contains 60 geographical miles, it is evident, that a degree of longitude upon the
equator, is longer than a degree of longitude upon any parallel of latitcude, and muft
therefore contain a greater number of miles.  So that, although all the degrees of la<
titude are equally long upon an artificial globe (though not precifely {fo vpon the earth
itfelf) yet the degrees of longitude decreafe in length, as the latitude increafes, but not
in the fame proportion. T'he following table fhews the length of a degree of longitude,
in geographical miles, and hundredth parts of a mile, for every degree of latitude, from
the equator to the poles: a degree on the equator being 60 geographical miles.

diftance
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diftance is known ; for if the compafles be then turned roond the firft
place as a center, the moving foot will go over all thofe places which
are at the fame diftance with the fecond from it.

A table fhewing the number of miles in a degree of longitude, and in any
given degree of latitude.
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PROBLEM VIIIL

The haur of the day at any place being given, to Jind all thefe places where
i is noon at that time,

Bring the given place to the brafen meridian, and fet the index to
the given hour; this done, turn the globe until the index points to the

upper XII, and then, all the places that lie under the brafen meridian
have noon at that time.

N. B. The upper XII always ftands for noon; and when the
bringing of any place to the brafen meridian is mentioned, the fide of
that
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that meridian on which the degrees are reckoned from the equator
is meant, unlefs the contrary fide be mentioned.

PROBLEM IX

The bour of the day at any place being given, to find what o'clock it then
is at any otber place.

Bring the given place to the brafen meridian, and fet the index to
the given hour; then turn the globe, until the place where the hour
is required comes to the meridian, and the index will point out the
hour at that place.

PROBLEM X

To find the fun’s place in the ecliptic, and bis * dechination, for any given
day of the year.

Look on the horizon for the given day, and right againft it
you have the degree of the fign in which the {un is (or his place) on
that day at noon, Find the fame degree of that fign in the ecliptic
line upon the globe, and having brought it to the brafen meridian,
obferve what degree of the meridian ftands over it; for that is the
fun’s declinatioh, reckoned from the equator,

PROBLEM XI,

The day of the month being given, to find all thofé places of the earth over
awbich the fun will pafs vertically on that day.

Find the fun’s place in the ecliptic for the given day, and having
brought it to the brafen meridian, obferve what peint of the meridian
is over it; then, turning the globe round its axis, all thofe places
which pafs under that point of the meridian, are the places required:
for as their latitude is equal, in degrees and parts of a degree, tothe
fun’s declination, the fun muft be dire&tly over head to each of them
at its refpective noon,

* The fun’s declination is his diftance from the equino&ial in degrees, and is north
or fouth, as the fun is between the equinoctial and the north or fouth pole.
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PROBLEM XIIL

A place being grven in the * torrid zone, to find thofe two days of the year,
on which the fun fball be wvertical to that place.

Bring the given place to the brafen meridian, and mark the degree
of latitude that is exaCtly over it on the meridian ; then turn the globe
round its axis, and obferve the two degrees of the ecliptic which pafs
exaltly under that degree of latitude : laftly, find on the wooden hori-
zon, the two days of the year in which the fun is in thofe degrees of
the ecliptic, and they are the days required: for on them, and none
elfe, the fun’s declination is equal to the latitude of the given place:
and confequently, he will then be vertical to it at noon.

PROBLEM XIIL

To find all thofe places of the north frigid zone, where the fun begins to
Shine conflantly without feiting, on any given day, from the 218 of
March to the 23d of September.

On thefe two days, the fun is in the equino@ial, and enlightens the
globe exactly from pole to pole: therefore, as the earth turns round its
axis, which terminates in the poles, every place upon it will go equally
through the light and the dark, and {0 make equal day and night to
all places of the earth. But as the fun declines from the equator, to-
wards either pole, he will fhine juft as many degrees round that pole,
as are equal to his declination from the equator; {o that no place with-
in that diftance of the pole will then go through any part of the
dark, and confequently the fun will not fet to it. Now, as the fun’s
declination is northward, from the 21t of March to the 23d of Sep-
tember, he muft conftantly thine round the north pole all that time ;
and on the day that he is in the northern tropic, he fhines upon the
whole north frigid zone; fo that no place within the north polar circle
goes through any part of the dark on that day, Therefore,

* The globe is divided into five zones; one torrid, two temperate, and two frigid.
The torrid zone lies between the two tropics, and is 47 degrees in breadth, or 231 on each
fide of the equator: the temperate z:nes lie between the tropics and polar circles, or
from 23% degrees of latitude, to 662, on each fide of the equator ; and are each 43
degrees in breadth : the frigid zones are the fpaces included within the polar circles,
which being each 23} degrees from their refpeQive poles, the breadth of each of thefe

zones is 47 degrees.  As the fun never goes without the tropics, he muft every mo-
ment be vertical to fome place or other in the torrid zone,

Having
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Having brought the fun’s place for the given day to the brafen
meridian, and found his declination (by Prob. 1X.) count as many de-
arees on the meridian, from the north pole, as are equal to the fun’s
declination from the equator, and mark that degree from the pole
where the reckoning ends: then, turning the globe round its axis, ob-
ferve what places in the north frigid zone pafs dire€tly under that mark ;
for they are the places required.

The like may be done for the fouth frigid zone, from the 23d of
September to the 21ft of March, during which time the fun fhines
conftantly on the fouth pole.

PROBLEM XIV,

To find the place over which the fun is wertical, at any bour of agiven day.

Having found the fun’s declination for the given day (by Prob. IX.)
" mark it with a chalk on the brafen meridian : then bring the place
where you are (fuppofe London) to the brafen meridian, and fet the
index to the given hour; which done, turn the globe on its axis, un-
til the index points to XII at noon; and the place on the globe, which
is then dire@ly under the point of the fun’s declination marked upon the
meridian, has the fun that moment in the zenith, or directly over head.

PROBLEM XV.

The day and bour at any place being given, to find all thofe places where the
Jfun 1s then rifing, or fetting, or on the meridian : confequently, all thofe
places which are enlightened at that time, and thofe which are iu the
dark.

This problem cannot be folved by any globe fitted up in the com-
mon way, with the hour-circle fixed upon the brafs meridian ; unlefs
the fun be on or near fome of the tropics on the given day. But by
a globe fitted up according to Mr. Jofeph Harris's invention (already
mentioned) where the hour-circle lies on the furface of the globe, be-
low the meridian, it may be folved for any day of the year, accord-
ing to hismethod ; which is as follows.

Having found the place to which the fun is vertical at the given
hour, if the place be in the northern hemifphere, elevate the north pole
as many degrees above the horizon, a;sy are equal to the i::.timdehof
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that place ; if the place be in the fouthern hemifphere, clevate the
fouth pole accordingly ; and bring the faid place to the brafen meri-
dian. ‘Then, all thofe places which are in the weftern femicircle of
the horizon, have the fun rifing to them at that time ; and thofe in the
eaftern femicircle have it fetting: to thofe under the upper femicircle
of the brafs meridian, it is noon; and to thofe under the lower fe-
micircle, it is mid-night. All thofe places which are above the hori-
zon, ate enlightened by the fun, and have the fun juft as many de-
grees above them, as they themfelves are above the horizon: and this
height may be known, by fixing the quadrant of altitude on the bra-
fen meridian ower the place to which the fun is vertical; and then,
laying it over any other place, obferve what number of degrees on
the quadrant are intercepted between the faid place and the horizon.
In all thofe places that are 18 degrees below the weftern femicircle of
the horizon, the morning twilight is jult beginning ; in all thofe places
that are 18 degrees below the eaftern femicircle of the horizon, the
evening twilight is ending ; and all thofe places that are lower than 18
degrees, have dark night.

If any place be brought to the upper femicircle of the brafen meri-
dian, and the hour-index be fet to the upper XII or noon, and then the
globe be turned round eaftward on its axis; when the place comes to
the weftern femicircle of the horizon, the index will {hew the time of
fun-rifing at that place ; and when the fame place comes to the eaftern
femicircle of the horizon, the index will fhew the time of fun-fet,

To thofe places which do not go under the horizon, the fun fets
not on that day: and to thofe which do not come above it, the fun
does not rife.

PROBLEM XVIL

The day and bour of a lunar eclipfe being given; to find all thofe places of the
earth to which it will be vifible,

The moon is never eclipfed but when fhe is full, and fo directly op-
pofite to the fun, that the earth’s fhadow falls upon her. Therefore,
whatever place of the earth the fun is vertical to at that time, the
moon muft be vertical to the antipodes of that place: fo that the fun
will be then vifible to one half of the earth, and the mocon to the
other.

Find the place to which the fun is vertical at the given hour (by
Prob, XIV.) elevate the pole to the latitude of that place, and bring the
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place to the upper part of the brafen meridian, as in the former pro-
blem : then, as the fun will be vifible to all thofe parts of the globe
which are above the horizon, the moon will be vifible to all thofe
parts of the globe which are below it, at the fime of her greateft
obfcuration.

But with regard to an eclipfe of the fun, there'is no fuch thing as
fhewing to what places it will be vifible, with any degree of certainty,
by a common globe ; becaufe the moon’s fhadow covers but a {mall
portion of the earth’s furface, and her latitude, or declination from
the ecliptic, throws her fhadow fo varioufly upon the earth, that to
determine the places on which it falls, recourfe muft be had to long
caleulations,

PROBLEM XVIL.

To reclify the globe for the latitude, the * zenith, and the fun’s
Place.

Find the latitude of the place (by Prob. 1.) and if the place be in
the northern hemifphere, raife the north pole above the north point
of the horizon, as many degrees (counted from the pole upon the
brafen meridian) as are equal to the latitude of the place. Ifthe place
be in the fouthern hemifphere, raife the fouth pole above the fouth
point of the horizon, as many degrees as are equal to the latitude,
Then, turntheglobe till the place comesunder its latitude on the brafen
meridian, and faften the quadrant of altitude fo, that the chamfered
edge of its nut (which is even with the graduated edge) may be joined
to the zenith, or point of latitude. This done, bring the fun’s place
in the ecliptic for the given day (found by Prob. X.) to the graduated
fide of the brafen meridian, and fet the hour-index to XII at noon,
which is the uppermoft X1I on the hour-circle ; and the globe will be
rectified.

The latitude of any place, isequal to the elevation of the neareft Remask.
pole of the heaven above the horizon of that plice; and the poles of
the heaven are direétly over the poles of the earth, each go degrees from
the equinoctial line. Let us be upon what place of the carth we will, if
the limits of our view be not intercepted by hills, we fhall fee one half of
the heaven, or go degrees every way round, from that point which is

% The zenith, in this fenfe, is the higheft point of the brafen meridian above the
horizon 3 but in the proper fenfe, it is that point of the heaven which is directly vertical
to any given place, at any given inftant of time,
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over our heads. Therefore, if we were upon the equator, the poles of
the heaven would lie in our horizon, or limit of our view : if we go
from the equator, towards either pole of the earth, we fhall fee the cor-
refponding pole of the heaven rifing gradually above our horizon, juit
as. many degrees as we have gone from the equator: and if we were
at cither of the earth's poles, the correfponding pole of the heaven
would be direétly over our head. Confequently, the elevation or
height of the polein degrees above the horizon, is equal to the number
of degrees that the place is from the equator.

PROBLEM XVIII.

Ghe latitude of any place, not exceeding * 661 degrees, and the day of
the month, being given; to find the time of fun-rifing and fetting, and
confequently the lengeh of the day and night,

Having rectified the globe for the latitude, and for the fun’s place
on the given day (as direfted in the preceding  problem) bring the
fun’s place in the ecliptic to the eaftern fide of the horizon, and the
hour-index will fhew the time of fun-rifing ; then turn the globe on
its axis, until the fun’s place comes to the weftern fide of the horizon,
and the index will thew the time of fun-fetting,

.. The hour of fun-fetting doubled, gives the length of the day ; and
the hour of fun-rifing doubled, gives the length of the night,

PROBLEM XIX.

The latitude of any place, and the day of the month, being given; to find
when the morning twilight begins, and the evening twilight ends, at
that place.

This problem is often limited: for, when the fun does not go 18
degrees below the horizon, the twilight continues the whole night ;
and for feveral nights together in fummer, between 49 and 66+ de-
grees of latitude : and the nearer to 601, the greater is the number of
thefe nights. But when it does begin and end, the following method
will fhew the time for any given day.

* All places whofe latitude is more than 66! degrees, arein the frigid zones: and to
thofe places the fun does not fet in fummer, for a certain number of diurnal revoluti-
ons, wiich occaflons this limitation of latitude,

Re&ify
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‘Redify the globe, and bring the fun’s place in the ecliptic to the
eaftern fide of the horizon; then mark that point of the ecliptic with
a chalk which is in the weftern fide of the horizon, it being the
point oppofite to the fun’s place: this done, lay the quadrant of alti-
tude over the faid point, and turn the globe eaftward, keeping the
quadrant at the chalk-mark, until it be juft 18 degrees high on the
quadrant ; and the index will point out the time when the morning
twilight begins : for the fun’s place will then be 18 degrees below the
eaftern fide of the horizon. To find the time when the evening twi-
light ends, bring the fun’s place to the weftern fide of the horizon, and
the point oppofite to it, which was marked with'the chalk, will be rifing
in the eaft: then, bring the quadrant over that point, and keeping it
thereon, turn the globe weftward, until the faid point be 18 degrees
above the horizon on the quadrant, and the index will thew the time
when the evening twilight ends ; the fun’s place being then 18 degrees
below the weftern fide of the horizon.

PROBLEM XX.
To find on what day of the year the fun begins to fbine conflantly without

Jetting, on any given place in the north frigid zone; and how lng he
continues 1o do fo.

Re&ify the globe to the latitude of the place, and turn it about
until fome point of the ecliptic, between Aries and Cancer, coincides
with the north point of the horizon where the brafen meridian cuts it:
then find, on the wooden horizon, what day of the year the fun is
in that point of the ecliptic; for that is the day on which the fun be-
gins to fhine conftantly on the given place, without fetting. This
done, turn the globe until fome point of the eeliptic, between Cancer
and Libra, coincides with the north point of the horizon, where the
brafen meridian cuts it; and find, on the wooden horizon, on what da
the fun is in that point of the ecliptic; which is the day that the fun
leaves off conftantly fhining on the faid place, and rifes and fets to it
as to other places on the globe. The number of natural days, or
compleat revolutions of the fun about the earth, between the two days
above found, is the time that the fun keeps conftantly above the hori-
zon without fetting : for all that portion of the ecliptic, which lies be-
tween the two points which interfect the horizon in the very north,
never fets below it: and there is juft as much of the oppofite part cf
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the ecliptic that never rifes; therefore, the fun will keep as long con-
ftantly below the horizon in winter, as above it in fummer,

Whoever confiders the globe, will find, that all places of the earth
do equally enjoy the benefit of the fum, in refpet of time, and are
equally deprived of it. For, the days and nights are always equally
long at the equator: and in all places that have latitode, the days at one
time of the year are exactly equal to the nights at the oppofite feafon.

PROBLEM. XXL

To find in what latitude the fun fbines conflantly without fetting, for any
length of time lefs than * 182} of owr days'and nights.

Find a point in the ecliptic half as many degrees from the beginning
of Cancer (either toward Aries or Libra) as there are 4 natural days
in the time given; and bring that point to the north fide of the brafen
meridian, on which the degrees are numbered from the pole towards
the equator: then, keep the globe from turning on its axis, and flide
the meridian up or down, until the forefaid point of the ecliptic comes
to the north point of the horizon, and then, the elevation of the pole
will be equal to the latitude required.

PROBLEM XXIL

The latitude of a place, not exceeding 66 degrees, and the day of the
month being given; to find the fun's amplitude, or point of the compafs
on which ke rifes or fets.

Re&ify the globe, and bring the fun’s place to the eaftern fide of
the horizon ; then obferve what point of the compafs on the horizon
ftands right againft the fon’s place, for that is his amplitude at rifing.
This done, turn the globe weftward, until the fun’s place comes to
the weftern fide of the horizon, and it will cut the point of his ampli-
tude at fetting. Or, you may count the rifing amplitude in degrees,
from the eaft point of the horizon, to that point where the fun’s place
cuts it; and the fetting amplitude, from the weft point of the horizon,
to the fun’s place at fetting.

* The reafon of this limitation i3, that 1821 of our days and nights make half a year,
whi;h is the longeft time that the fun fhines without fetting, even at the poles of the
earth.

+ A natural day, contains the whole 24 hours: an artificial day, the time that the
fun is above the horizon,
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PROBLEM XX

The lntitude, the fun's place, and bis * altitude, being given; to find
the bour of the day, and the fun's azimuth, or number of degrees that
be is diftant from the meridian.

Redify the globe, and bring the fan’s place to the given height
upon the quadrant of altitude ; on the eaftern fide of the horizon, if
the time be in the forenoon ; or the weftern fide, if it be in the after-
noon : then, the index will fhew the bour; and the number of degrees
in the horizon, intercepted between the quadrant of altitude and the
fouth point, will be the fun’s true azimug‘l at that time.

N. B, Always when the quadrant of altitude is mentioned in work-
ing any problem, the graduated edge of it is meant.

If this be done at fea, and compared with the fun’s azimuth, as
(hewn by the compafs, if they agree, the compafs has no variation in
that place : but if they differ, the compafs does vary ; and the varia~
tion is equal to this difference.

PROBLEM XXIV,

The latitude, bour of the day, and the fun's place, being given; to Sfind
the fun's altitude and azimuth.

Re@ify the globe, and turn it until the index points to the given
hour ; then lay the quadrant of altitude over the fun’s place in the
ecliptic, and the degree of the quadrant cut by the fun’s place is his
altitude at that time above the horizon ; and the degree of the horizon
cut by the quadrant is the fun’s azimuth, reckoned from the fouth,

PROBLEM XXV.

The latitude, the fun's altitude, and bis azimuth being given; o find bis
place in the ecliptic, the day of the month, and bour of the day, though
they bad all been loff.

Re@ify the globe for the latitudeand + genith, and fet the quadrant
of altitude tothe given azimuth in the horizon; keeping it there, turn

# The fun’s altitude, at any time, ishis hejght above the horizon at that time.
4 By reflifying the globe for the zenith, is meant fcrewing the quadrant of altitude
"to the given latitude on the brafs meridian.
A a the




The U/é of the Terreftrial Globe.

the globe on its axis until the ecliptic cuts the quadrant in the given
altitude : that point of the ecliptic which cuts the quadrant there,
will be the fun’s place ; and the day of the month anfwering thereto,
will be found over the like place of the fun on the wooden horizon.
Keep the quadrant of altitude in that pofition, and having brought the
fun’s place to the brafen meridian, and the hour-index to XII at noon,
turn back the globe, until the fun’s place cuts the quadrant of altitude
again, and the index will thew the hour.

Any two points of the ecliptic which are equidiftant from the
beginning of Cancer or of Capricorn, will have the fame altitude and
azimuth at the fame hour, though the months be different; and
therefore it requires fome care in this problem, not to miftake both
the month, and the day of the month; to avoid which, obferve,
that from the 2oth of March to the 21ft of June, that part of the
ecliptic which is between the beginning of Aries and beginning of
Cancer is to be ufed : from the 21t of June to the 23d of September,
between the beginning of Cancer and beginning of Lilra: from the
24d of September to the 21ft of December, between the beginning
of Libra and the beginning of Capricorn; and from the 21ft of
December to the 20th of March, between the beginning of Capricorn
and beginning of Aries. And as one can never be at a lofs to know
in what quarter of the year he takes the fun’s altitude and azimuth,

the above caution with regard to the quarters of the ecliptic, will keep
him right as to the month and day thereof.

PROBLEM XXVIL
To find the length of the longeft day at any given place.

If the place be on the north fide of the equator (find its latitude
by Prob. 1.) and elevate the north pole to that latitude ; then, bring
the beginning of Cancer % to the brafen meridian, and fet the hour-
index to XII at noon. Bat if the given place be on the fouth
fide of the equator, elevate the fouth pole to its latitude, and bring
the beginning of Capricorn V8 to the brafs meridian, and the hous-
index to XII. This done, turn the globe weftward, until the begin-
ning of Cancer or Capricorn (as the latitude is north or fouth) comes
to the horizon ; and the index will then point out the time of fun-
fetting, for it will have gone over all the afterncon hours, between
nid-day and fun-fet ; which léngth of time being doubled, will give
the whole length of the day, from fun-rifing to fun-fetting. For,
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inall latifudes, the fun rifes as' long before mid-day, as he fets
after  it,

PROBLEM XXVIL

To find in what Jatitude the longeft day is of any given length lefs than
24 bours. -

If the latitude be north, bring the beginning of Cancer to the brafen
meridian, and elevate the north pole to about 66 degrees; but if the
latitude be fouth, bring the begmning of Capricorn to the meridian,
and elevate the fouth pole to about 66 degrees ; becaufe the longeit
day in north latitude, 1s when the fun is in the firft point of Cancer ;
and in fouth latitude, when he is in the firft point of Capricorn.
Then fet the hour-index to XII at noon, and turn the globe weftward,
until the index points at half the number of hours given; which
done, keep . the globe from turning on its axis, and flide the meridian
down in the notches, until the aforefaid point of the ecliptic
(viz. Cancer or Capricorn) comes to the horizon ; then, the elevation
of the pole will be equal to the latitude required.

PROBLEM XXVIIL

The latitude of any place, not exceeding 66 degrees, being given; to find
in what * climate the place 1s.

Find the length of the longeft day at the given place by Prob. XXVI.
and whatever be the number of hours whereby it exceedeth. twelve,
double that number, and the fum will give the climate in which the
place is.

PROBLEM XXIX.

The latitude, and the day of the month, being given; to find the bour of
the day when the fun fbines.

Set the wooden horizon truly level, and the brafen meridian due
north and fouth by a mariner’s compafs: then, having rectified the

% A climate, from the equator to either of the polar circles, is a tract of the earth’s
furface, included between two fuch parallels of latitude, that the length of the longeft
day in the one exceeds that in the other by half an hour; but from the polar circles
to the poles, where the fun keeps long above the horizon without fetting, each climate
differs 2 whole month from the one next to it. There are twenty-four climates be-
tween the equator and each of the polar circles 3 and fix from each polar circle to its
selpeCtive pole.

Aa2 globe,
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globe, ftick a fmall fewing-needle into the fun’s place in the ecliptic,
perpendicular to that part of the furface of the globe: this done,
turn the globe on its axis, until the needle comes to the brafen
meridian, and fet the hour-index to XII at nocn; then, turn the
lobe on its axis, until the needle points exaétly towards the fun
(which it will do when it cafts no fhadow on the globe) and the
index will fhew the hour of the day.

PROBLEM XXX,

A pleafant way of [fhewing all thofe places of the earth which are
enlightened by the fun, and alfo the time of the day when the fun fhines.

Take the terreftrial ball out of the wooden horizon, and alfo out
of the brafen meridian ; then fet it upon a pedeftal in fun-fhine, in
fucha manner, that its north pole may point dire@ly towards the
north pole of the heaven, and the meridian of the place where you
are be dire@tly towards the fouth. Then, the fun will thine upon
all the like places of the globe, that he does on the real earth, rifing
to fome when he is fetting to others; as you may perceive by that
part where the enlightened half of the globe is divided from the half
i the fhade, by the boundary of the light and darknefs : all thofe
places, on which the fun fhines, at any time, having day; and all
thofe, on which he does not fhine, having night,

If a narrow flip of paper be put round the equator, and divided
into 24 equal parts, beginning at the meridian of your place, and
the hours be fet to thofe divifions in fuch a manner, that one of the
VI's may be upon your meridian ; the fun being upon that meridian
at noon, will then fhine exaétly to the two XII's ; and at one o’clock
to the two I's, &c, So that the place, where the enlightened half
of the globe is parted from the fhaded half, in this circle of hours,
will thew the hour of the day.

The principles of dialing fhall be explained farther on, by the
terreftrial globe. At prefent we fhall only add the following obfervations
upon it; and then proceed to the ufe of the celeftial globe.

1. The latitude of any place is equal to the elevation of the pole above
the borizon of that place, and the elevation of the equator is equal to
the complement of the latitude, that is, to what the latitude wants of
go degrees.

2. Thofe places which lie on the equator, bave no latitude; it being there
that the latitude begins; and thofe places which lie on the firft meridian
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bave no longitude, it being there that the lmgitude begins. Confequently,
that particular place of the earth where the firfi meridan interfets the
equator, has neither longitude nor latitude.

3. In all places of the earth, except the poles, all the points of the
compafs may be diftinguifbed in the borizon: but from the north pole,
every place is fouth s and from the fouth pole, every place ts north.
* Therefore, as the fun is conflantly above the horizon of each pole for balf

@ year in its turn, be cannot é}; Jaid to depart from the meridian of
either pole for balf a year together. Confequently, at the north pole it
may be [aid to be noon every moment for balf a year s and let the winds
blow from what part they will, they muff always blow from the fouth ;
ard at the fouth pole, from the north.

4. Becaufe one half of the echiptic is above the horizon of the pule,
and the fun, moon and planets, move in (or nearly in) the echiptic s
they will all rife and [it to the poles. But, becaufe the flars never change
their declinations from the equator (at leaft not Jenfibly in one age ) thofe
awhich are once above the borizon of either pole, never fet below it; and
thofe which are once below it, never rife. :

5. All places of the earth do equaily enjoy the benefit of the fum, in
refpect of time, and are equally deprived of it.

6. All places upon the equator have their days and nights equally long,
that is, 12 bours each, at all times of the year. For although the [un
declines alternately, from the equator towards the north and towards the
fouth, yet, as the borizon of the equator cuts all the parallels of lotitude
and declination i batves, the fun muff always continue above the
horizon for one balf a diurnal revolution about the earth, and for the
ather half below it.

2. When the fun's declination is greater than the latitude of any
place, -upon cither fide of the equator, the [un will come twice to the fame
azimuth or point of the compafs in tbe forenoon, at that place; and twice
to @ like azsmuth in the afternoons that is, be will go twice back every
day, whilfp bis declination continues to be greater than the latitude. Thus,
Suppofe the globe reclified to the latitude of Barbadoes, which is 13 de-
grees north; and the fun to be any where in the ecliptic, between the
middle of Taurus and midde of Leo; if the quadrant of altitude be fet
to about * 18 degrees north of the eaft in the borizon, the fun's place be
marked with a chalk upm the ecliptic, and the glbe be then turned
weffward on its axis, the faid mark will rife in the borizon a little
to the north of the quadrant, and thence aftending, it awill crofs the

# From the middle of Gemini to the middle of Cancer, the quadrant may be fet

20 degrees.
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quadrant towards the fouth s but befire it arrives at the meridian, it will
erofs the quadrant again, and pafs wver the wmeridian northward of
Barbadoes.  And if the quadrant be fet about 18 degrees north of the
wift, the fun’s place will crofs it twice, as it defeends from the meridian
towards the borizon, in the afternoon. \

8. In all places of the earth between the equator and poles, the days
and nights are equally long, wiz. 12 hours each, when the fun is in the
equinociial : for, in all elevations of the pole, flort of go degrees (which
is the greatefl) one balf of the equator or ecquinoétial will be above the
borizon, and the other balf below it.

9. The days and nights are never of an equal length at any place
between the eguator and polar circles, but when the fun enters the
Sgns O Aries and X243 Libra.. For in every other part of the ecliptic,
the circle of the fun's daily motion is divided into fwo unequal parts by
the borizon.

10. The nearer that any place is to the equator, the lefs is the différence
betwween the length of the days and. nights in that place; and the more
remote, the contrary.  The circles which the [un defiribes in the beaven
every 24 bours, being cut more nearly equal in the former cafe, and more
unequally in the latter.

11 dn all places lying upon any given parallel of latitude, however
long or fhort the day or night be at any one of thefe places, at any
time of the year, it is then of the fame length at all the refl 5 for in
turning the globe round its axis (when reétified according to the Jun's
declination) all thefe places will keep equally long above or below the
horizon.

12. The fun is vertical twice a year to every place between the tropics
to thofé under the tropics, once a year, but never any where elfe. For,
there can be no place between the tropics, but that there will be tawo points
i the ecliptic, whofe declination from the equator is equal to the latitude
of that place ; and but one point of the ecliptic which has a declination
equal to the latitude of places on the tropic which that point of the ecliptic
touckes ; and as the fun never goes withaut the tropics, be can never be
vertical to any place that lies without them.

13. To all places in the * torrid zone, the duration of the twilight is leafl,
becaufe the fun’s daily motion is the moft perpendicular to the horizon.
In the frigid & 2ones, greateft 5 becaufe the fun's datly motion is nearly
parallel to the borizon ; and therefore be is the lmger of getting 18 degrees
bewow it (till which time the twilight always continues.) —And in

* Between the tropics. t Between the polar circles and poles.

the
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the * temperate ones it is at a medium between the two, becaufe the
obliquity of the fun's daily motion is fo.

14. In all places lying exaélly under the polar circles, the [un, when
be is in the nearef? tropic, continues 24 bours above the borizon without
Jetting 5 becaufe no part of that tropic is belmv their borizon. And
when the fun 15 in the farthefl tropic, he is for the fame length of time
without rifing ; becaufe no part of that tropic is above their borizon.
But, at all other times of the year, be rifes and fets there, as in other
Places ;5 becaufe all the circles that can be drawn parallel to the equator,
between the tropics, are more or lefi cut by -the borizon, as they are
Jarther from, or nearer to, that tropic which is all above the borizon :
and when the fun is not in either of the tropics, bis diurnal courfe muft
be in cne or other of thefe circles.

15. To all places in the northern bemifphere, from the equator fo the
polar circle, the longefl day and fhortelt night is when the fun is in the
northern tropic ; and the fbortefl day and longeft night is when the fun is
n the foutvern tropic; becaufe no circle of the fun's daily mation is fo
much above the horizon, and [o little below it, as the northern tropic ;
and none fo little above it, and [o much below it, as the fouthern. In
the fouthern bemifphere, the contrary.

16, In all places between the polar circles and poles, the fun appears
for Jome number of days (or rather diurnal revolutions) without [etting ;
and at the oppofite time of the year without rifing ; becaufé [ome part of
the ecliptic never fets in the former cafe, and as much of the oppofite
part never rifes in the latter.  And the nearer unto, or the more remote
Jrom the pole, thefe places are, the longer or fhorter is the fun’s continual
prefence or abfence.

17. If a fbip fets out from any port, and [ails round the earth eaffward
to the fame port again, let ber take what time [be will to do it in, the
people 11 that fbip, in reckoning their time, will gain one compleat day at
their return, or count one day mote than thofe who refide at the jame
port s becaufe, by going contrary to the fun’s diurnal motion, and being
Jforwarder every evening than they were in the morning, their borizon
will get fo much the fooner above the fetting fun, than if they bad
kept for a whole day at any particular place. And thus, by cutting off a
part proportionable to their own motion, from the length of every day,
they will gain a compleat day of that [ort at their return; without gaining
one moment of abfolute time more than is elapfed during their courfe, 1o
the people at the port. If they [ail weftward, they will reckon one day
lefi than the people do who refide ot the faid port, besaufe by gradually

® Between the tropics and polar circles,
' following
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Sfollowing the apparent diurnal motion of the fun, they will keep bim
each particular day fo much longer above their borizon, as anfwers to
that day’s courfe; and by that means, they cut off a whole day in reckoning,
at their return, without lofing one moment of abflute time.

Hence, if two fhips fhould [et out at the [ame time from any port,
and fail round the globe, one eaflward and the other weftward, fo as
to meet at the [ame port on any day whatever ; they will differ two days
in reckoning thetr time, at their return. If they fail twice round the
earth, they will differ four days; if thrice, then fix, &e.

P gk O P b
The wfe of the celeftial globe, and armillary [pbere.

The celefiial H AVING done for the prefent with the terreftrial globe, we

gieor. (hall proceed to the ufe of the celeflial; firlt premifing, that
as the equator, ecliptic, tropics, polar circles, horizon, and brafen
meridian, are exactly alike on both globes, all the former problems
concerning the fun are folved the fame way by both globes. The

To redtify it. method alfo of rectifying the celeftial globe is the fame as re@ifying
the terreftrial, viz. Elevate the pole according to the latitude of your
place, then fcrew the quadrant of altitude to the zenith, on the brafs
meridian ; bring the fun’s place in the ecliptic to the graduated edge
of the brafs meridian, on the fide which is above the fouth point of
the wooden horizon, and fet the hour-index to the nppermoft XII,
which ftands for noon.

N.B. The fun’s place for any day of the year ftands directly over
that day on the horizon of the celeftial globe, as it does on that of
the terreftrial.

Latiwud:avd — T'he latitude and longitude of the ftars, or of all other celeftial pheno-
IS‘-‘"I_’: Irege Gf 4. . b -

the fars,  i0ENA, are reckoned in a very different maoner from the latitude and

longitude of places on the earth: for all terreftrial latitudes are reckoned

from the equator ; and longitudes from the meridian of fome remark-

able place, as of London by the Englith, 4nd of Paris by the

French; though moft of the French maps begin their longitude

at the meridian of the ifland Ferro.~==But the aftronomers of all

nations agree in reckoning the /atitudes of the moon, ftars, planets,

and comets, from the ecliptsc’; and their longitudes from the * eguinotial

colure,

# The great circle that pafles through the equineslial points at the bcginnin%

0
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