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Of the Terrefirial Globe, 153

os the interior. For , when a ray a b falls upon the lowdf part of Fig. s.
the drop b ede , it  is refracted into the direction be  by entering the
drop ; and passing on to the back of the drop at c,  it is thence reflected
in the line c d,  in which direction it is impostible for it to enter the eye
at f;  but by being again reflected from the point d of the drop, it
goes on in the drop to e, where it pasies out of the drop into the air,
and is there refracted downward to the eye, in the direction ef.

L E C T . VIII and IX.

'The description and use of the globeŝ and armillary sphere.

IFamap of the world be accurately delineated onafpherical ball,The tmesiri*l
the surface thereof will represent the surface of the earth : for the slobe-

highest hilis are so inconsiderable with respect 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 hili upon it is three
miles in perpendicular height.

That the earth is fpherical, or round like a globe, appears, 1. from Proofof the
its casting a round fbadow upon the moon , whatever side be turned ^ "h'r being
towards her when fhd*is eclipfed. 2. From its having been failed s ° uar'
round by feveral perfons. 3. From our feeing the farther , the higher
we stand. 4 . From our feeing the masts of a fhip, whilst the hull is
hid by the convexity of the water.

The attractive power of the earth draws all terrestrial bodies to- And that it
ward s its center ; as is evident from the descent of bodies in lines per- mar be  Pe°-
pendicular to the earth ’s surface, at the places whereon they sali; even fideî ithout
when they are thrown off from the earth on opposite sides, and con - any one’s be-
fequently , in opposite directions. So that the earth may be compared ofSfa";fnanger
to a great magnet rolled in filings of steel, which attracts and keeps away from it.
them equally fast to its surface on all sides. Hence , as ali terrestrial
bodies are attracted toward the earth’s center, they can be in no danger
of falling from any side of the earth , more than from any other.

The heaven or stcy furrounds the whole earth : and when we fpeak of Up  and
vp  or down,  we mean only with regard to ourfelves ; for no point , either what’
in the heaven, or on the surface of the earth , is above  or below,  but only
with respect to ourfelves. And let us be upon what part of the earth we
will, we stand with our feet toward its center , and our heads toward the
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Of the Heavens and the Earth.
fky : and so we say, it is up  toward the fky, and down  toward thecenter of the earth.

To an observer placed any where in the indefinite space, where
there is nothing to limit his view, all remote objects appear equally
distant from him ; and seem to be placed in a vast concave sphere,
of which his eye is the Center. Every astronomer ean demonstrate,that the moon is much nearer to us than the sun is ; that fome
of the planets are fometimes nearer to us, and fometimes farther
from us, than the sun ; that others of them never come so near
us as the sun always is ; that the remotest planet in our fystem,
is beyond comparifon nearer to us than any of the fixed stars are;
and that it is highly probable fome stars are, in a manner , infinite!./
more distant from us than others . And yet all thefe celestial objects
appear equally distant from us. Therefore , if we imagine a large
hollow sphere of glast to have as rrvany bright studs fixed to its inside, as
there are stars visible in the heaven, and thefe studs to be of different
magnitudes , and placed at the fame angular distances from each other
as the stars are ; the sphere will be a true representation of the slarry
heaven, to an eye supposed to be in its center, and viewing it all
around . And if a small globe, with a map of the earth upon it, be
placed on an axis in the center of this starry sphere, and the sphere
be made to turn round on this axis, it will represent the apparentmotion of the heavens round the earth.

If a great circle be so- drawn upon this sphtre , as to divide it into
two equal parts, or hemispheres , and the plane of the circle be per-
pendicular to the axis of the sphere, this circle will represent the equi-
noffiial,  which divides the heaven into two equal parts, called the
northern  and the Jouthern hemispheres; and every point of that circle
will be equally distant from the poles, or ends of the axis in the
sphere. That pole which is in the middle of the northern hemisphere,
will be called the north pole of ihe sphere, and that which is in the
middle of the fouthern hemisphere , the south pole..

If another great circle be drawn upon the sphere, in such a manner
as to cut the equinoctial at an angle of 23- degrees in two opposite
points, it will represent the ecliptic,-  or circle of the sun’s apparent
annual motion : one half of which ison the north fide of the equinoctial,and the other half on the south.

If a large stud be made to move eastward in this ecliptic, in such
a manner as to go quite round it, in the time that the sphere is
turned round westward 366 times upon its axis ; this stud will re¬
present the sun , changing his place every day a 36fth part of the

ecliptic 3,

The fun.
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ediptic ; and going round westward, the fame way as the stars dv;
but with a motion fo much siower than the motion of the stars, 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-
kitions, the fun will be on the north fide of the equinoctial ; during the
other half, on the fouth ; and at the end of each half, in the equinoctial.

If we fuppose the terrestrial globe in this machine to be about one The eartb*
inch in diameter, and the diameter of the starry fphere to be about
fi ve or six feet, a finali infect on the globe would fee only a very
little portion of its furface ; but it would fee one half of the starry
fphere ; the convexity of the globe hiding the other half from its
view. If the fphere be turned westward round the globe, and the The apparent
infect could judge of the appearances which arife from that motion , ™e°ationsof ths
it would fee forne stars rifing to its view in the eastern side of the v
fphere , whilst others were fetting on the Western: but as all the stars
are fixed to the fphere, the fame stars would always rise in the fame
points of view on the east side, and fet in the fame points of view on
the west side. 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 infect fhould look towards the fouth,
and call that point of the globe, where the equinoctial in the fphere
feems to cut it on the lest side, the east point ; and where it cuts the
globe on the right side, the west point ; the little animal would fee the
fun rise north of the east, and fet north of the west, for 182 ' revo-
kitions ; aster which , for as many more , the fun would rise fouth of
the east, and fet fouth of the west. And in the whole 365 revo¬
lutions, the fun would rise only twice in the east point , and fet twice
in the west. Ali thefe appearances would be the fame, if the starry
fphere slood still (the fun only moving in the ediptic ) and the earthly
globe were turned round the axis of the fphere east ward. For , as

- the infect would be carried round with the globe, he would be quite
insensible of its motion ; and the fun and stars would appear to move
westward.

We  are but very fmall beings when compared with our earthly globe,
and the globe itfist  is but a dimensionlefs point compared with the mag-
nitu de of the starry heavens. Whether the earth be at rest, and the
heaven turns round it, or the heaven be at rest, 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, hilis. X 2 We
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Of the Heavens and the Earth ,
We may imagine as many circles described upon the earth as we

pleafe ; and we may imagine the plane of any circle described upon
the earth to be continued, until it marks a circle in the concave sphereof the heavens.

The horizon  is either sensible or rational. The senfible  horizon is
that circle, which a man standing upon a large plane, observes toterminate his view ali around, where the heaven and earth seem to
meet . The plane of our sensible horizon continued to the heaven,
divides it into tvvo hemispheres ; one visible to us, the other hid bythe convexity of the earth.

The plane of the rational horizon,  is fupposed parallel to the plane
of the sensible; to pass through the center of the earth, and to be
continued to the heavens. And although the plane of the sensible
horizon touches the earth in the place of the observer, yet this  plane,and that of the rational horizon , will seem to coincide in the heaven,
because the whole earth is but a point compared to the sphere of theheaven.

The earth being a spherical body, the horizon , or limit of our view,
niust change as we change our place.

The poles of the earth,  are thole two points on its surface in which
its axis terminates. The one is called the north pole,  and the other
the fouth pole.

The poles of the heaven,  are thole two points in which the earth’s
axis produced terminates in the heaven : so that the north pole  of the
heaven is directly over the north pole of the earth ; and the fouth
pole  of the heaven is directly over the fouth pole of the earth.

The equator  is a great circle upon the earth , every part of which is
equally distant from either of the poles. It divides the earth into
two equal parts, called the northern  and fouthern hemispheres.  If we
suppose the plane of this circle to be extended to the heaven, it
will mark the equinoSli’al therein , and will divide the heaven into
two equal parts, called the northern  and fouthern  hemispheres of theheaven.

The meridian  of any place is a great circle passing through that
place and the poles of the earth . We may imagine as many such
meridians as we pleafe, because any place that is ever so little to the
east or west of any other place, has a different meridian from that
place j for no one circle can pals through any two such places andthe poles of the earth.

The meridian  of any place is divided by the poles, into two semi-
circles ; that which paffes through the place is called the geographici,
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or upper meridian ; and that which passes through the opposite place,
is called the lower meridian.  .

When the rotation of the earth brings the plane of the geographical Noon  and
meridian to the sim, it is noon  or mid-day  to that place ; and when mid'ni&ht-
the lower meridian comes to the sim, 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 . Ali
thofe places are said to have the fame longitude,  because no one of
them lies either eastward or westward from any of the rest.

If we imagine 24 semicircles, one of which is the geographical Hour-cirda..
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 sim 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 nearest to one another : for 24 times 15 is 360 . And as the
earth 's motion is eastward, the fun’s apparent motion will be westward,
at the rate of 15 degrees each hour , Therefore,

They whofe geographical meridian is 15 degrees eastward from us, Longitudo
have noon, and every other hour , an hour fooner than we have.
They whofe meridian is fifteen degrees westward from us, have noon,
and every other hour , an hour later than we have : and so 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
ali round to the sim in that time ; fo it goes round the sim once a
year, in a great circle called the ecliptic,  which crofles the equinoctial Ediptb,
in two opposite points, making an angle of 23^ degrees with the
equinoctial on each side. So that one half of the ecliptic is in the
northern hemifphere , and the other in the fouthern . 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 sim will
appear to do the fame, changing his place almost 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 sim will then appear in the
opposite. And as one half of the ecliptic is on the north side of the
equinoctial, and the other half on the fouth ; the sim, as feen from
the earth , will be half a year on the fouth side of the equinoctial,
and half a .year on the north : and twice a year in the equinoctial
itfelf.

The ecliptic is divided by astronomers into 12 equal parts, called s;°m awd.
Jigns,  each sign into 30 degrees,  and each degree into 60 minutes; dw (e’*

4 but



*5 8 Of the Heavens and the Earth.
but in using the globes, we feldom want the- sun’s place nearer than
half a degree of the truth.

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

Aries, \Taurus, Gemini, Cancer, Leo, Virgo,
T 8 I D a m

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

Libra , Scorpio Sagittarius, Capricorn, Aquarius, Pisces,
*t \n Ist l Y? VWNVw> X

September October November December January Feb.
2 3 2 3 22 21 20 18

By remembering on what day the fun enters any particular sign,
we may easily find his place any day afterward , whilst he is in that
sign, by reckoning a degree for each day ; which will occasion no error
-of confequence in using the globes.

When the fun is at the beginning of Aries, he is in the equinoctial;
and from that time he declines northward every day, until he comes
to the beginning of Cancer,  which is 234- degrees from the equinoctial:
from thence he recedes southward every day, for half a year ; in
the middle of which half, he crosses the equinoctial at the beginning
of Libra , and at the end of that half year, he is at his greatest fouth
declination , in the beginning of Capricorn, which is also 23-f- degrees
from the equinoctial. Then , he returns northward from Capricorn
every day, for half a year ; in the middle of which half, he crosies
the equinoctial at the beginning of Aries ; and at the end of it heLrrives at Cancer.

The sun’s motion in the ecliptic is not perfectly equable, for he
continues eight days longer in the northern half of the ecliptic, than
in the fouthern : so 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 tropics  are lesier circles in the heaven, parallel to the
equinoctial ; one on each side of it , touching the ecliptic in the points
of its greatest declination ; so that each tropic is 23^ degrees from

the

grofict.
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the equinoctial , one on the north side of it, and the other on the
south. The Northern tropic touches the ecliptic at the beginning of
Cancer,  the fouthern at the beginning of Capricorn ; for which reason

.the former is called the tropic of Cancer, and the latter the tropic of
Capricorn.

The polar circles  in the heaven, are each 23-j- degrees from the Polar drchs,
poles, all around. That which goes round the north pole, is called
the arSlic circle, from u^k\©>, which signifies a bear ; the re being
a constellation or groupe of stars near the north pole, which goes
by that name. The south polar circle, is called the antarSlic circle,
from its being opposite to the arctic.

The ecliptic, tropics, and polar circles, are drawn upon the ter¬
restrial globe, as well as upon the celestial. But the ecliptic, being a
great fixed circle in the heavens, cannot properly be said to belong to
the terrestrial globe ; and is laid down upon it only for the conveniency
of solving forne problems. So that , if this circle on the terrestrial
globe was properly divided into the months and days of the year, it
would not only fuit the globe better , but would also make the problems
thereon much easier.

In order to form a true idea of the eartlTs 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 vicisiitude of feasonsj
take the following method , which will be both eafy and pleafant.

Let afmall terrestrial globe,ofabout three inches diameter ,be fufpended An idea of
by a long tbread of twisted silk, fixt to its north pole : then , having the seasons>
placed a lighted candle on a table, to- reprefent the fun, in the center
of a hoop of a large cask, which may reprefent the ecliptic, the hoop
making an angle of 23^ 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 ; so 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 , whilst the other half is in the dark.

Things being thus prepared, twist the thread towards the lest band,
that it may turn the globe the fame way by untwisting ; that is, from
west, by south, to east. As the globe turns round its axis or thread,
the different places of its fur face 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

itself
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itself ali around to the candle, carry it stowly round the hoop by the
thread , from west, by fouth , to eastj which is the way that the earth
rnoves round the sun, once a year, in the ecliptic : and you will
see, that whilst the globe continues in the lower part of the hoop,
the candle (being then north of the equator ) will constantly fhine
round the north pole ; and ali 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 thehighest
and lowest points, the candle will be directly over the equator, and
will enlighten the globe just from pole to pole ; and then , every place
on the globe will go through equal portions of light and darknefs, as
it turns round its axis ; and confequently , the day and night will be of
equal length at ali places upon it. As the globe advances thence-
forward , towards the highest part ' of the hoop, the candle will be
on the fouth fide of the equator , stiining 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 side of
the equator , and the contrary on the north side, whilst the globe
continues in the northern or higher side of the hoop : and when it
comes to the highest point, the days will be at the longest, and the
nights at the {hortest, in the fouthern hemifphere ; and the reverse 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 {horten in the fame proportion . When the globe
comes to the middle point, between the highest and lowest points of
the hoop, the candle will be over the equator , enlightening the globe
just 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, ali over
the globe.

And thus at a very fmall expence , one may have a delightful and
demonstrative view of the caufe of days and nights, with their gradual
increafe and decreafe in length , through the whole year together , with
the viciffitudes of spring, fummer , autumn , and winter , in each annualcourfe of the earth round the sun,

If the hoop be divided into 12 equal parts, and the signs be marked
in order upon it, beginning with Cancer  at the highest point of the

hoop,
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hoop , and reckoning eastward (or contrary to the apparent motion
of the sun) you will see how the sun appears to change his place
every day in the ecliptic, as the globe advances eastward along the
hoop , and turns round its own axis : and that when the earth is in a low
sign, as at Capricor n,  the sun mu st appear in a high sign, as at Cancer,
opposite to the earth ’s real place : and that whilst the earth is in the
southern half of the ecliptic, the sun appears in the northern half , and
vice versa: that the farther any place is from the equator , between it
and the polar circle, the greater is the difference between the longest
and fhortest day at that place ; and that the poles have but one day
and one night in the whole year.

These things premited , we /hall proceed to the description and
use of the terrestrial globe, and explain the geographical terms as they
occur in the problems.

This globe has the boundaries of land and water laid down upon The teneßrütl
it , the countries and kingdoms divided by dots, and coloured to |^ ê e'
distingui/h them , the iflands properly situated, the rivers and principal
towns inserted, as they have been ascertained upon the earth by mea-
surement and observation.

The equator , ecliptic, tropics, polar circles, and meridians, are
laid down upon the globe in the manner already described. The
ecliptic is divided into 12 signs, and each sign into 30 degrees, which
are generally subdivided into halves, and into quarters if the globe is
large. Each tropic is 23- degrees from the equator , and each polar
circle 23s degrees from its respective pole. Circles are drawn parallel
to the equator , at every ten degrees distance from it on each side
to the poles : thefe circles are called paralleh 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
globes of or under a foot diameter , they are only drawn through every
sifteenth degree of the equator ; thefe circles are generally called
meridians, sometimes circles of hngitude} and at other times hour*
circles.

The globe is hung in a brass ring, called the brafen meridian ; and
turns upon a wire in each pole funk half its thickness into one .side
of the meridian ring ; by which means, that side of the ring divides
the globe into two equal parts, called the eaßern and weflern hemifpheres■>
as the equator divides it into two equal parts, called the northern  and

southern hemispheres.  This ring is divided into 360 equal parts or
degrees, on the side 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 90 : their use is to shew the latitudes o£
places. The degrees on the other half of the meridian ring, are
numbered from the poles to the equator , where they end at 90 : their
use is to shew how to elevate either the north or south pole above the
horizon , according to the latitude of any given place, as it is north
or south of the equator.

The brasen meridian is let into two notches made in a broad flat
ring , called the wooden horizon,  the upper surface of which divides,
the globe into two equal parts, called the upper  and lower hemispheres.
One notch is in the north point of the horizon , and the other ia
the south. On this horizon are several concentric circles, which
contain the months and days of the year, the signs and degrees
answering to the sun’s place for each month and day, and the
32 points of the compass.— The graduated side of the brass meridian
lies towards the east side of the horizon , and should be generally kept
toward the person who works probierns by the globes.

There is a small horary circle, so fixed to the north part of the
brasen 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 roimd its
axis. Sometimes there are two horary circles, one between each pole
of the globe and the brasen meridian ; which is the contrivance of the
ingenious Mr . Joseph Harris, master of the affay-ofsice 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
small latitudes and declinations of the sun ; whieh cannot be done
where there is only one horary circle fixed to the outer edge of the
brasen meridian.

There is a thin flip of brass, called the quadrant of altitude,  which
is divided into 90 equal parts or degrees, answering exactly to so many
degrees of the equator . It is occasionally fixed to the uppermost
point of the brasen meridian by a nut and screw. The divisions end
at the nut , and the quadrant is turned round upon it.

As the globe has been seen by most pe opie, and upen the figure
of which , in a piate, neither the circles nor countries can be pro-
perly expresied, we judge it would signify very little to refer to a
figure of it ; and shall therefore only give forne directions how to
choose a globe, and then describe its use.

Directions i. See that the papers be well and neatl .y pasted on the globes,

«7 Cihbc finS  you may know , if the lines and circles thereon meet exactly,
2° s' and continue all the way even and whole j, the circles not breaking

into-
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into feveral arches, nor the papers either coming fhort, or lapping
over one another.

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

3. See that the globe hang evenly between the brasen Meridian and the
wooden horizon ; not inclining either to one side or to the other.

4. See that the globe be as close to the horizon and Meridian as
it conveniently may ; otherwise, you will be too much puzzled to
sind against what part of the globe any degree of the Meridian or
horizon is.

5. See that the equinoctial line be even with the horizon ali
around , when the north or south pole is elevated 90 degrees above
the horizon.

6 . See that the equinoctial linecuts the horizon in the east and west
points , in ali elevations of the pole from o to 90 degrees.

7 . See that the degree of the brasen Meridian marked with o, be
exactly over the equinoctial line of the globe.

8. See that there be exactly half of the brasen Meridian above the
horizon ; which you may know , if you bring any of the decimal
divisions on the Meridian to the north point of the horizon , and find
their complement to 90 in the south point.

9. See that when the quadrant of altitude is placed as far from the
equator , on the brasen Meridian, as the pole is elevated above the
horizon , the beginn ing of the degrees of the quadrant reaches jusi:
to the plane surface of the horizon.

10. See that whilst the index of the hour -circle (by the motion of
the globe) pasies from one hour to another , 15 degrees of the equator
pafs under the graduated edge of the brasen Meridian.

11. See that the wooden horizon be made substantial and strong:
it being generally observed, that in most globes, the horizon is the
first part that falls, on account of its having been made too siight.

In using the globes, keep the east side of the horizon towards youDireaiomfoi-
(unless your probiern requires the turning of it) which side you using them*
may know by the word East upon the horizon ; for then you have
the graduated side of the Meridian towards you, the quadrant of
altitude before you, and the globe divided exactly into two equal parts,
by the graduated side of the Meridian.

In working forne problems, it will be necessary to turn the whole
globe and horizon about, that you may look on the west side thereof;
which turning will be apt to jog the ball so, as to sii ist away that
degree of the globe which was before set to the horizon or meridian:

Y 2 to
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to avoid which inconvenience , you may thrust in the feather-end
of a quill between the ball of the globe and the braten Meridian ;
which , without hurting the ball, will keep it from turning in the
meridian, ;~whilst yon turn the west side of the horizon towards you.

PROBLEM I.

*T1 find the * latitude and  4 hngitude of any given place upon the glohe

Turn the globe on its axis, until the given place comes exactly under
that graduated side of the brafen Meridian, on which the degrees are
numbered from the equator ; and observe what degree of the Meridian
the place then lies under y 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 braten Meridian, is the longitude of the place (from
the Meridian of London on the Englißo globes) which is east or west,
as the place lies on the east or west side of the sirst Meridian of the
globe.—All the Atlantic Ocean, and America, is on the west side of
the Meridian of London; and the greatest part of Europe, and of
Africa , together with all Afia, is on the east side of the Meridian of
London , which is reckoned the firfi meridian. of the globe by the
Englifio geographers and astronomers.

P R O B L E M II.

‘The longitude and latitude of a place being given , to find that- place on th&-
globe.

Look for the given longitude in the equator (counting it eastward,
or westward from the sirst meridian, as it is mentioned to be east or
west ;) and bring the point of longitude in the equator to the brafen

* The latitude of a place is its distance from the equstor , and is north or fouth , as
the place is north or fouth of the equator. Thofe v/ho live at the equator have no la¬
titude, because it is there that the latitude begins.

f The longitude of a place is the number of degrees (reckoned upon the equator)
that the meridian of the faid place is distant from the meridian of any other place from
which we reckon , either eastward or westward, for 180 degrees, . or half round the
globe . The Englifh reckon the longitude from the meridian of London , and the
French now reckon it from the meridian of Paris. The meridian of that place, from
which the longitude is reckoned, is called the firfl meridian.  The places upon this
meridian have no longitude , because it is there that the longitude begins.

4. meridian,
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meridian , on that side which is above the south point of the horizon:

then count from the equator , on the braten meridian , to the degree of

the given latitude, towards the north or south pole, according as the

latitude is north or south ; and under that degree of latitude on the
meridian, you will have the place required.

PROBLEM III.

Tofind the difference of longitude, or difference of latitude, between any
two given places.

Bring each of thefe places to the brafen meridian , and see what its
latitude is : the leffer latitude subtracted from the greater, if both places

are on the fame side of the equator , or both latitudes added together,
if they are on different sides 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 brasen
meridian , is their difference oFlongitude ; if it be lefs than 180 : but

if more , letit be subtracted 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 , past

over by the index, will give the longitude in time ; which may be

easily reduced to degrees, by allowing 15 degrees for every hour , and

one degree for every four minutes.

N . B. When we fpeak of bringing any place to the brafen meridian,

it is the graduated side of the meridian that is meanti

PROBLEM IV.

Any place being given, to find all those placesthat have the fame longitude
or latitude with it.

Bring the given place to the brasen meridian , then ali those places
which lie under that side of the meridian , from pole to pole, have

the fame longitude with the given place. Turn the globe round its

axis, and all those places which pafs under the fame degree of the me¬

ridian that the given place does, have the fame latitude with that

place. Since

o

o
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Since ali latitudes are reckoned from the equator, and all longitudesare reckoned from the first meridian, it is evident , that the point ofthe equator which is cut by the first meridian, has neither latitude nor

longitude .— The greatest latitude is 90 degrees, because no place ismore than 90 degrees from the equator . And the greater longitude is180 degrees, because no place is more than 180 degrees from the firstmeridian.

PROBLEM V.

To find. the * antceci , *j- periceci, and £ antipodes , of any given place .

Bring the given place to the brafen meridian, and having found itslatitude , keep the globe in that situation, and count the fame numberof degrees of latitude from the equator towards the contrary pole , and
where the reckoning ends, you have the antceci of the given placeupon the globe . Thofe who live at the equator have no antceci.

The globe remaining in the fame position, fet the hour -index to the
upper XII on the horary circle, and turn the globe until the indexcomes to the lower XII ; tKen, the place which lies under the meri¬
dian, in the fame latitude with the given place, is thq periceci required.Thofe who live at the poles have no periceci.

As the globe now stands (with the index at the lower XII ) theantipodes of the given place will be under the fame point of the brafen
* The antceci  are thofe people who live on the fame meridian, and in equal latitudes,on different sides of the equator . Being on the fame meridian, they have the fame hours ;that is,when it is noon to the one, it is also noon to the other ; and when it is mid-nightto the one, it is also mid-night to the other, &c. Being on different sides of the equa¬tor , they have different or opposite seasons at the fame time ; the length of any day tothe one is equal to the length of the night of that day to the other ; and they have equalelevations of the different poles.

The periceci  are thofe people who live on the fame parallel of latitude, ;but onopposite meridians : so that though their latitude be the fame, their longitude differs180 degrees. By being in the fame latitude, they have equal elevations of the famepole (for the elevation of the pole is always equal to the latitude of the place) thefame length of days or nights, and the fame seasons. 'But being on opposite meridianswhen it is noon to the one, it is mid-night to the other.
J The antipodes  are thofe who live diametrically opposite to one another upon theglobe, standing with feet towards feet, on opposite meridians and parallels. Being onopposite sides of the equator, they have opposite seasons, winter to one, when it isfummer to the other ; being equally distant from the equator, they have the contrarypoles equally elevated above the horizon ; being on opposite meridians, when it is noondo the one, it must be midnight to the other ; and as the sim recedes from the onewhen he approaches to the other, the length of the day to one must be equal to thelength of the night at the fame time to the other.

meridian
o
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meridian where its antaeci  stood before. Every place upon the globe
has its antipodes.

PROBLEM VI.

To find the difiance between any two places on the globe.

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 60 , and the product:
will give the distance in geographical miles : but to find the distance in
Englifh miles, multiply the degrees by 69 h, and the product will be
the number of miles required . Or, take the distance betwixt any two
places with a pair of compasses, and apply that extent to the equator »
the number of degrees, intercepted between the points of the com¬
passes, is the distance 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 difiance from any other placen¬
to find all the other places upon the globe which are at the fame difiance
from the given place.

Bring the given place to the brafen meridian , and screw the quadrant
of altitude to the meridian , directly over that place ; then keeping the
globe in that position, turn the quadrant quite round upon it, and the
degree of the quadrant that touches the second place, will pass over
ali the other places which are equally distant with it from the given
place.

This is the fame as if one foot of a pair of compasses was fet in the
given place, and the other foot extended to the second place, whose

* Any circle that divides the globe into two equal parts, is called a great circle, as Great circle.
the equator or meridian. Any circle that divides the globe into two uncqual parts
(which every parallel of latitude does) is called a le£ 'er circle.  Now , as every circle, .gejjer sink*
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 latitude, and mu/i
therefore contain a greater number of miles. So that , although all the degrees of Ia*
titude are equally long upon an artificial globe (though not precifely fo upon the earth
itfelf) yet the degrees of longitude decreafe in length, as the latitude increafes, but not
in the fame proportion. The following table fliews 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 : adegr .ee on the equator being 60 geographical miles.

distance
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distance is known ; for if the compasies be then turned round the first
place as a center, the moving foot will go over ali thole places whichare at the fame distance with the fecond from it.

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

33 -55

45-97

53-93

49 -74

PROBLEM VIII.

The hour of the day at any place being given, to find all thofe places vehere
it is noon at that time.

Bring the given place to the brafen meridiati, and fet the index to
the given hour ; this done, turn the globe until the index points to the
upper XII , and then , ali the places that lie under the brasen meridiarihave noon at that time.

N . B.  The upper XII always stands for noon ; and when the
bringing of any place to the brasen meridian is mentioned, the side of

that
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that meridian on which the degrees are reckoned from the equator
is meant, unless the contrary side be mentioned.

PROBLEM IX.

The honr of the day at any place being given, to find what o’clock it then
is at any other place.

Bring the given place to the brasen meridian , and set the index to
the given hourj 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 sun’s place in the ecliptic, and his * declination, for any given
day of the year.

Look on the horizon for the given day, and right against it
you have the degree of the sign in which the sun is (or his place) on
that day at noon. Find the fame degree of that sign in the ecliptic
line upon the globe, and having brought it to the brasen meridian,
observe what degree of the meridian stands over it ; for that is the
sun’s declination, reckoned from the equator.

PROBLEM XI.

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

Find the sun’s place in the ecliptic for the given day, and having
brought it to the brasen meridian , observe what point of the meridian
is over it ; then , turning the globe round its axis, ali thofe places
which pass under that point of the meridian, are the places required:
for as their latitude is equal , in degrees and parts of a degree, to . the
sun’s declination, the fun must be directly over head to each of them
at its refpective noon.

* The sun’s declination is his distance from the equinoctial in degrees , and is north
vr fouth, as the fun is between the equinoctial and the north or fouth pole.

i

PRO-Z
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PROBLEM XII.

A place being given in the * torrid zone, to find those two days of theyear,
on which the sun Jhall be vertical 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 observe the two degrees of the ecliptic which pass
exactly under that degree of latitude : lastly, find on the wooden hori¬
zon , the two days of the year in which the fun is in those 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 consequently, he will then be vertical to it at noon.

PROBLEM XIII.

7bfind all those places of the nortb frigid zone, where the sun begins to
Jhine constantly withoutsetting, on any given day, from the  2 ist of
March to the  23 ^ of September.

On thefe two days, the fun is in the equinoctial , 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 so 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 fhinejust as many degrees round that pole,
as are equal to bis declination from the equator ; so that no place with-
in that distance of the pole will then go through any part of the
dark, and consequently the sun will not set to it. Now , as the fun's
declination is northward , from the 2 ist of March to the 2gd of Sep¬
tember , he rauft constantly shine round the north pole all that time -x
and on the day that he is in the northern tropic, he shines upon the
whole north frigid zone ; so that no place within the north polar circle
goes through any part of the dark on that day. Therefore,

* The globe is divided into sive zones ; one torrid, two temperate, and two frigid.
The torrid zone  lies between the two tropics, and is 47 degrees in breadth, or 23 '- on each
fide of the equator : the temperate zcnes  lie between the tropics and polar circles , or
from 23 ^ degrees of latitude, to 66 -̂, 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 refpective poles , the breadth of each of thefe
zones is 47 degrees. As the fun never goes without the tropics, he must every mo-
ment be vertical to forne place or other in the torrid zone,

Having
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Having brought the sun’s place kor the given day to the brasen
meridian , and found his declination (by Prob. IX .) count as many de-
grees 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
vvhere the reckoning ends : then , turning the globe round its axis, ob-
ferve what places in the north frigid zone pafs directly under that mark;
for they are the places required.

The like may be done for the fouth frigid zone, from the zzd of
September to the 2 ist of March , during which time the fun fhines
constantly on the fouth pole.

PROBLEM XIV.

To find the place over which the fun is vertical , at any hour of agiven day.

Having found the fun's declination for the given day (by Prob . IX .)
* mark it with a chalk on the brasen meridian : then bring the place

where you are (fuppofe London ) to the brasen meridian , and fet the
index to the given hour ; which done, turn the globe on its axis, un-
til the index points toXII at noon ; and the place on the globe, which
is then directly 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 hour at any place being given, to find all thofe places where the
fun is then rifing, or fetting , or on the meridian : confequently, all thofe
places which are enlightened at that time, and thofe which are in the
dark.

This probiern cannot be folved by any globe fitted up in the com-
mon way, with the hour-circle fixed upon the brass 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 . Joseph 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, as are equal to the latitude of

Z 2 that
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that place ; if the place be in the southern hemisphere, elevate the
south pole accordingly ; and bring the said place to the brasen Meri¬
dian . Then , ali thole places which are in the Western semicircle of
the horizon , have the ihn rising to them at that time ; and those in the
eastern semicircle have it setting: to those under the upper semicircle
of the brass meridian , it is noon ; and to those under the lower se¬
micircle , it is mid-night . All those places which are above the hori¬
zon , are enlightened by the ihn , and have the ihn just as many de-
grees above them , as they themselves are above the horizon : and this
height may be known , by fixing the quadrant of altitude on the bra¬
sen meridian over the place to which the ihn is vertical ; and then,
laying it over any other place, observe what number of degrees on
the quadrant are intercepted between the said place and the horizon.
In ali those places that are 18 degrees below the Western semicircle of
the horizon , the morning twilight is just beginning ; in all those places
that are 18 degrees below the eastern semicircle of the horizon , the
evening twilight is ending ; and all those places that are lower than 18
degrees, have dark night.

If any place be brought to the upper semicircle of the brasen meri¬
dian, and the hour- index be set to the upper XII or noon , and then the
globe be turned round eastward on its axis ; when the place comes to
the western semicircle of the horizon , the index will shew the time of
sun-rising at that place ; and when the fame place comes to the eastern
semicircle of the horizon , the index will shew the time of sun-set.

To those places which do not go under the horizon , the sun sets
not on that day : and to those which do not come above it, the sun
does not rise.

PROBLEM XVI.

The day and hour os a lunar eclipse being given j to find all those places of the
earth to which it will be vifible.

The moon is never eclipsed but when she is füll , and so directly op¬
posite to the sun, that the earth’s stiadow falls upon her . Therefore,
whatever place of the earth the sun is vertical to at that time , the
moon  must be vertical to the antipodes of that place : io that the sun
will be then visible to one half of the earth , and the moon to the
other.

Find the place to which the sun is vertical at the given hour (by
Prob. XIV .) elevate the pole to the latitude of that place, and bring the

place
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place to the upper part of the brasen meridian , as in the former pro¬
biern : then , as the fun will be visible to all thofe parts of the globe
which are above the horizon , the moon will be visible to all thofe
parts of the globe which are below it, at the time of her greatest
obfcuration.

But with regard to an eclipfe of the fun, there is no such thing as
Ihewing to what places it will be visible, with any degree of certainty,
by acommon globe ; becaufe the moon’s stiadow covers but a fmall
portion of the earth ’s furface, and her latitude, or declination from
the ecliptic , throws her ihadow so varioufly upon the earth , that to
determine the places on which it falis, recourfe must be had to long
cal®ulations.

PROBLEM XVII.

Vo reSlify the globe for the latitude, the * zenith , and the sun's
place.

Find the latitude of the place (by Prob . I .) 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
brasen meridian ) as are equal to the latitude of the place. If the place
be in the southern hemifphere , raife the south pole above the south
point of the horizon, as many degrees as are equal to the latitude.
Then , turn the globe till the place comes under its latitude on the brasen
meridian , and fasten the quadrant of altitude so, 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 sun’s place
in the ecliptic for the given day (found by Prob . X .) to the graduated
side of the brasen meridian, and fet the hour- index to XII at noon,
which is the uppermost XII on the hour-circle ; and the globe will be
rectified.

The latitude of any place, is equal to the elevation of the nearest Remark.
pole of the heaven above the horizon of that place ; and the poles of
the heaven are directly over the poles of the earth , each 90 degrees from
the equinoctial line. Let us be upon what place of the earth we will , if
the limits of our view be not intercepted by hilis, we fhall fee one half of
the heaven , or 90 degrees every way round , from that point which is

* The zenith,  in this sense, is the highest point of the brasen meridian above the
horizon ; but in the proper sense, it is that point of the heaven which is directly vertical
to any given place, at any given instant of time.

over.

/
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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 see the cor-
responding pole of the heaven rising gradually above our horizon , just
as many degrees as we have gone from the equator : and if we were
at either of the earth ’s poles, the correfponding pole of the heaven
would be directly over our head . Conscquently, the elevation or
height of the pole in degrees above the horizon, is equal to the number
of degrees that the place is from the equator.

PROBLEM XVIII.

The htitude of any place, not exceeding * 66 ’- degrees, and the day of
the month, heing given ; to find the time of sun-rifing andfittmg , and
confequently the length of the day and night,

Having rectified the globe for the latitude , and for the sun’s place
on the given day (as directed in the preceding probiern ) bring thesun’s place in the ecliptic to the eastern side of the horizon , and the
hour -index will fhew the time of sun-rising ; then turn the globe on
its axis, until the sun’s place comes to the Western side of the horizon,
and the index will fhew the time of sun-sctting.

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

PROBLEM XIX.

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

This probiern is osten limited : for, when the fun does not go 18
•degrees below the horizon , the twilight continues the whole night;
and for several nights together in fummer , between 49 and 66- de¬
grees of latitude : and the nearer to 66 ~,  the greater is the number of
tbefe nights . But when it does begin and end, the following method
will fhew the time for any given day.

* All places whose latitude is more than 66 \  degrees , are in the frigid zones : and tothose places the fun does not fet in fummer, for a certain number of diurna! revoluti-vns, which occaiions this limitation of latitude.

Recti fy
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Rectisy the globe, and bring the fun’s place in the ecliptic to the
eastern side of the horizon ; then mark that point of the ecliptic with
a chalk which is in the Western side of the horizon , it being the
point opposite to the sun’s place : this done, lay the quadrant of alti-
tude over the faid point , and turn the globe eastward , keeping the
quadrant at the chalk-mark , until it be just i8 degrees high on the
quadrant ; and the index will point out the time when the morning
twilight begins : for the sun’s place will then be 18 degrees below the
eastern side of the horizon . To sind the time when the evening twi¬
light ends, bring the sun’s place to the Western side of the horizon , and
the point opposite to it , which was marked with the chalk , will be rising
in the east : then , bring the quadrant over that point , and keeping it
thereon , turn the globe westward , until the faid point be 18 degrees
above the horizon on the quadrant , and the index will strew the time
when the evening twilight ends ; the fun’s place being then 18 degrees
below the Western side of the horizon.

*

PROBLEM XX.

7ofind on what day of the year thesun begins to fl.nne confiantly without
fetting , on any given place in the north frigid zone ; and how long he
continues to do fio.

Rectisy the globe to the latitude of the place, and turn it about
until forne 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 sun is
in that point of the ecliptic ; for that is the day on which the sun be¬
gins to sinne constantly on the given place, without fetting. This
done, turn the globe until forne point of the ecliptic, 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 day
the sun is in that point of the ecliptic ; which is the day that the sun
leaves off constantly 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 sun about the earth , between the two days
above found, is the time that the sun keeps constantly 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 just as much of the opposite part of

4 the
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the ecliptic that never rises therefore , the sun will keep as long con-
slantly below the horizon in winter , as above it in summer.

Whoever considers the globe, will find, that all places of the earth
do equally enjoy the benefit of t;he fiu>, in refpect 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 latitude, the days at one
time of the year are exactly equal to the nights at the opposite feafon.

PROBLEM  XXI.

7s find in nubat latitude the sun feines conßantly nmthout fetting , for any
length of time lefi thun * 182 ~ of our days and nights.

Find a point in the ecliptic half as many degrees from the beginning
of Cancer (either taward Aries or Libra) as there are -f*natural days
in the time given; and bring that point to the north side 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 foresaid 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  XXII.

*The latitude of a place, not exceeding 66~ degrees, and the day of the
month being given -, tofind thesun 's amplitude} or point of the compaj’s
on which he rifes or Jets.

Rectify the globe, and bring the sun's place to the eastern side of
the horizon ; then observe what point of the compass on the horizon
Rands right against the sun’s place, for that is his amplitude at rising.
This done, turn the globe westward , until the sun’s place comes to
the wesiern side of the horizon , and it will cut the point of his ampli¬
tude at fetting. Or, you may count the rising amplitude in degrees,
from the east point of the horizon , to that point where the sun’s place
cuts it ; and the fetting amplitude , from the west point of the horizon,
to the sun’s place at fetting.

* The reason of this limitation is, that 1824 of our days and nights make half a year,
which is the Ion gell time that the sun fhines without fetting , even at the poles of the
earth.

f A natural day, contains the whole 24 hours : an artificial day , the time that the
sun is above the horizon.

2 PRO-
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PROBLEM XXIII.

The latitude, the furis place, and his * altitude, ; /s find
the hour of the day, and the juris azimuth, or number of degrees that
he is difiant front the meridian.

Rectify the globe, and bring the sun’s place to the given height
upon the quadrant of altitude ; on the eastern side of the horizon, if
the time be in the forenoon ; or the Western side, if it be in the after-
noon : then , the index will sliew the hour ; and the number of degrees
in the horizon , intercepted between the quadrant of altitude and the
south point , will be the sun’s true azimuth at that time.

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

If this be done at fea, and compared with the sun’s azimuth , as
stiewn by the compass, if they agree, the compass has no Variation in

that place : but if they differ, the compass does vary ; and the Varia¬
tion is equal to this difference.

PROBLEM XXIV.

'The latitude, hour of the day, and the furis place, being given } to find
the furis altitude and azimuth.

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

PROBLEM XXV.

The latitude, the furis altitude, and his azimuth being given ; to find bis
place in the ecliptic, the day of the month, and hour of the day, though
they had all been lost.

Rectify the globe for the latitude and f zenith , and set the quadrant
of altitude to the given azimuth in the horizon ; keeping it there , turn

* The sun’s altitude, at any time , is his height above the horizon at that time,
t By rectify ing the globe for the zenith , is Meant fcrewing the quadrant of altitude

‘to the given latitude on the brass meridian.
A st the
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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 sun’s place ; and the day of the month answering thereto,
will be found over the like place of the sun on the wooden horizon.
Keep the quadrant of altitude in that position, and having brought the
sun’s place to the brasen 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 shew the hour.

Any two points of the ecliptic which are equidistant 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 forne care in this probiern, not to mistake both
the month , and the day of the month ; to avoid which , obferve,
that from the 20th of March to the 2 ist of June , that part of the

* ecliptic which is between the beginning of Aries  and beginning of
Cancer  is to be ufed : from the 2ist of June to the 2zd of September,
between the beginning of Cancer  and beginning of Libra:  from the
2zd of September to the 2 ist of December , between the beginning
of Libra  and the beginning of Capricorn ; and from the 2 ist of
December to the zoth 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 sun’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 XXVI.

Lo find the length of the Jongefi day at any given place.

If the place be on the north side of the equator (find its latitude
by Prob . 1.) and elevate the north pole to that latitude ; then , bring
the beginning of Cancer  S to the brasen Meridian, and set the hour-
index to XII at noon. But if the given place be on the south
side of the equator , elevate the south pole to its latitude, and bring
the beginning of Capricorn  Y § to the brass Meridian, and the hour-
index to XII . This done, turn the globe westward , until the begin¬
ning of Cancer  or Capricorn (as the latitude is north or south) comes
to the horizon ; and the index will then point out the time of sun-
setting, for it will have gone over ali the afternoon hours, between
mid-day and fun-fet ; which length of time being doubled, will give
the whole length of the day, from fun-rising to fun-fetting. For,
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in ali latitudes, the sun rises as long before mid -day, as he sets
aster it.

PROBLEM XXVII.

so find in what latitude the longefi day is of any given length lefs than
24 hours.

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 beginning of Capricorn  to the meridiari,
and elevate the fouth pole to about 66| degrees because the longest
day in north latitude, is when the sun is in the first point of Cancer  ;
and in fouth latitude, when he is in the first point of Capricorn.
Then set the hour -index to XII at noon, and turn the globe westward,
until the index points at half the number of hours given j which
done, keep the globe from turning on its axis, and slide the Meridian
down in the notches, until the aforesaid 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 XXVIII.

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

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

PROBLEM XXIX.

The latitude, and the day of the month, being given ; to find the hour of
the day when the sun Jhines.

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

* A climate,  from the equator to either of the polar circles, is a traft of the earth’s
furface, included between two such parallels of latitude, that the length of .the longest
day in the one exceeds that in the other by half an hour ; but from the polar circles
to the poles, where the sun keeps long above the horizon without fetting, each climate
differs a whole month from the one next to it. There are twenty-four climates be¬
tween the equator and each of the polar circles ; and six from each polar circle to its
«fpective pole.

A a 2
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globe, stick a small sewing-needle into the sun’s place in the ecliptic,
perpendicular to that part of the surface of the globe : this done,
turn the globe on its axis, until the needle comes to the brasen
Meridian , and set the hour -index to XII at noon ; then , turn the
globe on its axis, until the needle points exactly towards the sun
(which it will do when it casis no staadow on the globe) and the
index will stiew the hour of the day.

PROBLEM XXX.

A pleasant way of sewing all those places of the earth which are
enlightened by the sun, and also the time of the day when the sun Jhines.

Take the terrestrial ball out of the wooden horizon , and also out
of the brasen Meridian ; then set it upon a pedestal in sun-shine, in
such a manner , that its north pole may point directly towards the
north pole of the heaven, and the meridian of the place where you
are be directly towards the south . Then , the sun will stiine upon
ali the like places of the globe, that he does on the real earth , rising
to forne when he is setting to others ; as you may perceive by that
part where the enlightened half of the globe is divided from the half
in the fhade, by the boundary of the light and darkness : ali those
places, on which the sun shines, at any time , having day ; and ali
those, 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 set to those divisions in such a manner , that one of the
VI ’s may be upon your meridian ; the sun being upon that meridian
at noon, will then shine exactly to the two XITs ^ 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 shaded half, in this circle of hours,
will shew the hour of the day.

The principies of dialing fhall be explained farther on, by the
terrestrial globe. At present we fhall only add the following observations
upon it ; and then proceed to the use of the celestial globe.

1. ‘The laiitude of any place is equal to the elevation of the pole abave
the horizon 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
90 degrees.

2. Those places which lie on the equator, have no latitude, it being there
that the latitude begins; and those places which lie on the firfi meridian

2 have
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bave no longitude, it being there that tbe longitude begins. Confequently,
that particular place of tbe earth nähere the firß meridan interfodis the
equator , has neither longitude nor latitude.

3. In all places of the earth , except the poles, ali the points of the

compass may be diflinguifited in the horizon : but from the north pole,

every place is fouth ; and front tbe fouth pole, every place is north.

Uberesore, as the fun is confiantly above the horizon of each pole for half
a year in its turn , he cannot be faid to depart from the meridian of

either pole for half a year together . Confequently, at the north pole it

may be faid to be noon every moment for half a year ; and let the winds
blow from what pari they will , they muß always blow from the fouth ;

and at the fouth pole, from the north.
4 . Becaufe orte half of the ecliptic is above the horizon of the pole,

and the fun , moon and planets , move in ( or nearly in) the ecliptic -,

they will all rise and fet to the poles. But , becaufe the fi ars never cbange
tbeir decUnations from the equator ( at leaß not fenfibly in one age) tbofe
which are once above the horizon of either pole, never fit below it ; and

tbofe which are once below it , never rise.
5. All places of the earth do equally enjoy the benefit of the fun , in

refpedl of time, and are equally deprived of it.
6. AU places upon the equator have their days and nights equally lang,

that is,  j 2 hours each, at ali times of the year . For altbough the fun

declines alternately , from the equator towards the north and towards the
fouth , yet , as the horizon of the equator cuts ali the parallels of latitude
and declination in halves , the fun muß always continue above the

horizon for one half a diurnal revolution about the earth , and for tbe

other half below it.
7 . When the J 'un's declination is greater than the latitude of any

place , upon either fide of the equator , the fun will come twice to the fame

azimutb or point of tbe compass in tbe forenoon , at that place ; and twice
to a like azimutb in the afternoon ; that is, he will go twice back every

day, whilfi his declination continues to be greater than the latitude . Thus,

fuppofe the globe reclificd to the latitude of Rarbadoes , which is  13 de~
grees north ; and the fun to be any 1vhere in the ecliptic , between the

middle of Taurus and middle of Leo ; if the quadrant of altitude be fet

to about * 18 degrees north of the eaß in the horizon , the fun ’s place be

marked with a chalk upon the ecliptic , and the globe be then turned

weßward on its axis , the faid mark will rise in the horizon a little

to tbe north of the quadrant , and thence afcending , it will crofe the

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

20 degrees, . quadrant
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quadrant towards the south ; but before it arrives at the meridiati , it will
crojs the quadrant again , and pafe over the meridiati northward of
Barbadoes . And if the quadrant be Jet about  18 degrees north of the
weß , the fun ’s place will crqfs it twice , as it defcends from the meridian
towards the horizon , in the aftermon.

8 . In all places of the earth between the equator and poles, the days
and nights are equally long, viz.  12 hours each, when the fun is in the
equinoSlial : for , in all elevations of the pole, fort of  90 degrees ( which
is the greatest ) one half of the equator or equinodlial will be above the
horizon , and the other half below it.

9 . The days and nights are never of an equal length at any place
between the equator and polar circles, but when the fun enters the.

Jigns Aries and Libra . For in every other part of the ecliptic,
the circle of the Juris daily motion is dividea into two unequal parts bythe horizon.

10. The nearer that any place is to the equator , the lefi is the difference
between the length of the days and . nights in that place ; and the more
remote, the contrary . The circles which the fun describes in the heaven.
every  24 hours, being cut more nearly equal in the former cafe, and more
unequally in the latter.

11. In 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 ; for in.
turning the globe rcund its axis ( when reSHfied according to the fun 's
declination ) all thefe places will keep equally long above or below thehorizon.

12 . The fun is vertical twice a year to every place between the tropics ;
to ihofe 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 two points
in 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
touches ; and as the fun never goes without the tropics , he can never be
vertical to any place that lies without them.

13. To all places in the * torrid zone, the durat ion of thetwilight iskaß,
becaufe the fun ’s daily motion is the moß perpendicular to the horizon .
In the frigid -f - zones, greatest ; becauje the J 'un’s daily motion is nearly
parallel to the horizon ; and therefore he is the longer of getting  18 degrees
beiow it ( till which time the twilight always continues7) And in

the
*  Between the tropics. t Between the polar circles and poles.
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the *' temperate zones it is at a medium between the two, becaufe the
obliquity of the furis daily motion is fo.

14 . In all places lying exaSlly under the polar circles , the sun , when
he is in the neareß tropic , continues 24 hours above the horizon without
fotting ; becaufe no part of that tropic is below their horizon . And
when the fun is in the farthefi tropic , he is for the fame length of time
without rißng ; becaufe no part of that tropic is above their horizon.
But , at all other times of the year , he rifes and fets there , as in other
places ; becaufe all the circles that can be drawn parallel to the equator ,
between the tropics, are more or lef cut by the horizon , as they are
farther from , or nearer to, that tropic which is all above the horizon :
and when the fun is not in either of the tropics, his diurnal courfe muß
be in one or other of thefe circles.

15 . ‘To ali places in the northern hemifphere, from the equator to the
polar circle , the longefi day and flsorteß night is when the fun is in the
northern tropic ; and the Jhortefl day and longefi night is when the fun is
in the fouthern tropic ; becaufe no circle of the fun 's daily motion is fo
much above the horizon , and fo little below it , as the northern tropic;
and none fo little above it , and fo much below it , as the fouthern . In
the fouthern hemifphere, the contrary.

16 . In all places between the polar circles and poles, the fun appears
for forne number of days ( or rather diurnal rcvolutions) without fetting;
and at the oppofite time of the year without rifmg ; becaufe forne part of
the ecliptic never fets in the former case, and as much of the oppofite
part never rifes in the latter . And the nearer unto, or the more remote
from the pole, thefe places are , the langer or fsorter is the furis continual
prefence or abfence.

17 . If a fiiip fets out from any port , and fails round the earth eafiward
to the fame fort again , let her take what time Jhe will to do it in , the
people in that Jhip , in reckoning their time , will gain one compleat day at
their return , or count one day more tban thofe who refide at the fame
port ; becaufe, by going contrary to the fun 's diurnal motion, and being
forwarder every evening than they were in the morning , their horizon
will get so mich the fooner above the fetting fun , than if they had
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 fort at their return •, without gaining
one moment of absolute time more than is elapfed during their courfe, to
the people at the port . If they fall weßward , they will reckon one day
lefs than the people do who refide at the faid port , becaufe by gradually

* Between the tropics and polar circles.
' following
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following the apparent diurnat motion of the sun , they will keep hhn
each particular day so much longer above their horizon, as anfwers to
that days cotirse; and by that means, they cut offa whole day in reckoning,

' at their return , without lofing one tnoment of absolute time.
Hence, if two Jhips Jhoiild Jet out at the fame time from any pcrt,

and fail ronnd the globe., one eaßward and the other weßward , so as
to meet at the fame port on any day whatever ; they will dffer two days
in reckming their time, at their return . If they fail twice round the
earth , they will differ four days; if thrice, then fix , &c.

LEGT . IX.

'The use os the celafiial globe, and armillary sphere.

The aleßial
globe.

To rectify it.

Lalitude  and

longitude  of
the stars.

HAVINGdone  for the present with the terrestrial globe,wefhall proceed to the use of the celestial ; first premifmg, that
as the equator , ediptic , tropics, polar circles, horizon , and brasen
Meridian, are exattly alike on both globes, ali the former probierns
concerning the fun are folved the fame way by both globes. The
method also of rectifying the celestial globe is the fame as rectifying
the terrestrial, viz . Elevate the pole according to the latitude of your
place, then fcrew the quadrant of altitude to the zenith , on the brass
Meridian ; bring the fun’s place in the ediptic to the graduated edge
of the brass Meridian, on the side which is above the south point of
the wooden horizon , and set the hour -index to the uppermost XII,
which stands for noon.

N . B.  The sun’s place for any day of the year stands directly over
that day on the horizon of the celestial globe, as it does on that of
the terrestrial.

The latitude  and longitude  of the stars, or of ali other celestial pheno-
mena , are reckoned in a very different manner from the latitude and
longitude of places on tbe earth : for ali terrestrial latitudes are reckoned
from the equator ; and longitudes from the Meridian of forne remark-
able place, as of London by the Englilh , dnd of Paris by the
French ; though most of the French maps begin their longitude
at the Meridian of the ifland Ferro. -But the astronomers of all
nations agree in reckoning the latitudes  of the moon, stars, planets,
and comets , from the ecliptic)  and their longitudes  from the * equinoBial

colure,
* The great circle that passes through the equinoifial points  at the beginning

of
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