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8 THE YOUNG GENTLEMAN AND

only enlighten one half of the earth at -
any given inftant of time, and the other
half muft then be in the dark; this mo-
tion of the earth will caufe the different
places on its furface to revolve through
the light and the dark in twenty-four
hours; in which time, of courfe, they
muft have a day and a night: and at the
inftant when it is mid-day at one place,
it muft be mid-night at the oppofite.:
Do you believe what I fay with refpet to
the earth’s turning round ?

E. 1 do, becaufe I am fully fatisfied that
you would not willingly deceive me;
and you have promifed to prove thatit
does. ,

N. Then, be pleafed to ftand up for a
rminute, It is now {even o’clock in the
morning, and you think you are ftanding
upright, on the uppermoft fide of the
earth.—You will think the fame if you
ftand upright at feven o’clock in the even-
ing, when the earth has turned half round
becaufe you will then perceive no differ-
ence of pofture: and yet, at that time,
von will be very nearly in the fame pofi-
tion as a perfon is juft now, who ftands

on
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it is fecured from being dangerous; the
method of fteering the helm, and many
other things which I cannot well remem.-
ber, was a {ight not only highly entertain-
ing, but greatly furprifing; and I could
not help wondering how it was poffible
for the art of man to contrive and build
fuch a wondrous huge machine, and how
itcould be managed and conduéted through
the pathlefs {eas.

N. It is furprifing indeed! but how in-
finitely more {o is the power and {kill of’
the GREAT CREATOR ofthe univerfe, who
has made fuch prodigious bodies as the
planets of our {yftem are (one of which
is a thoufand times as big as our earth)
and has fet them offin the tracklefs fpace
around us, with fuch degrees of {wiftnefs
as you will be amazed to hear of; and
yet, at the end of each circuit they begin
the fame over again, at the fame parts
of fpace from which he fet them off at
firft. ~And the difpofition ofall the
apartments of the fhip will not bear to
be compared, not only with the firucture
of the human body, but even with that
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16 THE YOUNG GENTLEMAN AND

about half’ way over; and as its motion
was uniform by the men pulling the rope,
I was quite infenfible both of its motion
and my own. But when it ftopt fuddenly
againft the bank of the river, I fell for-
ward on my’ face, and was much hurt by
the fall. Whereas, if I had not, without
knowing any thing of the matter, natu.
rally perfevered in the motion given me by
- the boat; I could not have fallen when it
was ftopt.

N. Indeed, EUDOSIA, you have given a
true philofophical account of the caufe of
your falling: and now, I think we may,
for the prefent, have ~done talking of this
matter.

E. 1 think {o too; for, {peaking of the
fall makes me almoft imagine I fiill feel
it:—But; pray, how do you prove that the
earth is round like a globe ?
~ N. Iwill prove that immediately. The °
{un fhines in through the window—

E. What then?

N. Have patience a2 minute, and look
at this {mall globe in my hand, and the
flat circular plate that lies on the table.-

You fee the globe may be hung by the
thread
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moon, we fay, the moon is cclipsed. Thefle
eclipfes happen at all'different times of the
twenty-four hours; and, confequently,
when all the different {ides of the earth
are fucceflively turned toward the Sun.
But the earth’s fhadow on the moon is
always bouuded by a circular line; and
therefore, it is plain, that the earth muft
be of a globular fhape.—For, 1if it were
fhaped like ¢kss flat circular plate, its {ha-
dow on the moon could never be circular,
but when its broad-fide was turned direét-
ly toward the fun. At other times, the
fhadow would be either of an oval figure,
or only a flraight line, as you have feen
on the board. There are feveral other
ways of proving that the earth is round;
but I believe you are fatisfied that it is {o,
from what I have now fhewn you.

E. I am entirely fatisfied, and therefore
more proofs would be fuperfluous. But
I fhould now be glad to know how you
prove that the earth turns round ; and that
the fun does not go round the earth.

N. Before I proceed to the demonfira-
tion, T will afk you a very plain queftion,

which I hope you. will not take amifs,
as
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longer than the axis or polar diameter.
This you may think a great deal, but it
is very little when compared with the bulk
of the earth, as you will eafily judge when
I tell you, that no lefs than 25,000 Englith
miles would meafure it round: and the
higheft mountains that are known are
not three miles of perpendicular height.—
Now, as water naturally runs downward,
if the earth had no motion on its axis to
keep up its figure, the water of the feas
would run from the higher parts about
the equator to the lower parts about the
poles, and overflow the polar regions for
many hundred miles all around ; and even
Britain itfelf would be laid feveral miles
under water.

E. This is a very plain cafe: and the
not returning of the waters from the f{eas
about the equator is to me an evident
proof of the earth’s turning round its
axis; without which, the furface of the
waters would become of a general round-
nefs, as I {faw the head of the mop do
when the maid left off trundling it.—And
now it feems plain, that the Almighty
muft have made the rigid earth as much
; E higher
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higher about the equator than the land
is about thofe places near the poles, as
the earth’s quick motion about the egua-
torial parts would caufe the waters to rife
there. For I {ee by the globe, that there
are great- quantities of land about the
equator, and many {mall iflands in the
feas, which are not overflown.

N. The more you know of thefe mat-
ters, Eudosia, {till the greater reafon you
will have to admire the power and adore
the wifdom and goodne{s of the Deity.

E. Indeed, brother, I believe 1 fhall.—
And I already begin to think, that, if an
atheift would be perfuaded to learn Aftro-
nomy, it would foon cure him of his in-
fidelity.

N. So I have often thought, fince I knew
any thing of the matter.

E. I think you told me, that almoft
three fourth parts of the furface of the
earth 1s covered with feas; and, by look-
ing on that {imall globe, I imagine it may
be fo. But you have not yet told me,
how it is known, that the earth’s circums.
ference is 25,000 Enghbfh miles; and per-

haps |
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haps I fhould not be able to underftand
it if you did.

N. The bulk of the earth is afcertained
by (what is called) Geometry, and could
‘not have been known by any other kind
of learning : and as you do not yet un.
derftand any part of that {cience, I fhould
only confound your head by talking to
you on that fubject at prefent.

E. Your {aying, ¢ at present,” gives me
fome hopes, that you will endeavour to
inftruét me in that branch of {cience af:
terward.—But can you tell me juft now,
how many miles of the earth is land,
‘and how many are covered with the
feas? -

N. The furface of the earthy part of
our great globe i1s divided into four great
trats or{paces, called, Ewrope, Asia, Africa,
and America; as you fee them laid out
on the fmall three inch globe.

According to meafurement of the beft
maps, the feas and unknown parts of
land contain 160,522,026 {quare miles;
the inhabited parts $8,990,569 ; viz. Eurepe
4,456,065 ; « Asia- 10,768,823 ; Africa
0,654,807 ; America 14,110,874, In all,

E 2 199,512,595 ;
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199,512,595 ; - which is the number of
{quare miles on the whole furface of our
globe.

E. 1 admire the prodigious bulk of the
earth; but infinitely more fo, the power
that muft have fet it in motion at firft.

N. Nothing is great or fmall but in
comparifon. We are very big when com-
,pared with animals which can be {feen
only by the hlep of a microlcope: the
earth is big indeed when compared with
ourfelves, who live upon it: the planet
Jupiter is a thoufand times as big as our
earth ; and the Sun is more than a thousand
times as big as Jupiter.—If you o juftly
admire the power that put our {mall
planet the earth into motion, how much
more muft you admire the power which
put the whole planetary fyftem round us
~ in motion !

E. 1 fink into nothing in 'my own
mind, Alas, what have we to be proud
of? If T had been proud before, Afironomy
would have cured me effe@ually of
it.

N. Indeed it might cure any one of
Pride : and T believe no afironomer can

be
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DIATOGUES. I

ON THE® BALANCE OF NATURE AND THE
SOLAR SYSTEM. .

Neander.

WELL, fifter; what became of you yef-
terday after breakfaft? I went to my room
immediately after, thinking you would fol-
low me, that we might have a little con-
verfation. But, inftead of that, you have
left me quite alone; for I never'faw you
the whole day afterward except at dinner
and fupper.

Eudosia. Indeed, brother, I was fo much
pleafed with what you told me yefterday
morning, that I was willing to make the
moft and beft of it that I could; and there-
fore employed the reft of my time in
writing down every thing that I could
remember,

N.1
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N. I am very glad of it: and now I
find you intend to emulate a young lady
of quality; who, laft year, attended a
courfe of leCtures on experimental philo-
fophy at Tunbridge Wells; and always,
when fhe went home, wrote down what
{he had heard and feen. The perfon who
read the leftures informed me, that he
was (though with fome difficulty) favour-
ed with a fight of the young Lady’s ma-
nufcript: and aflfured me, that the had
therein given a very good account of the
machinery and experiments. I hope you
will not refufe to thow me your’s every
day, as you proceed.

'E. You fhall always fee it, were it on-
ly for this felfith reafon, that you may
corret and amend what 1is wrbng in it,
and then I fhall reap the advantage. I
will now repeat my yefterday’s query:
To what is the fun fixed? for you have
convinced me that he does not move
round the earth.

N. The fun isnot fixed to any thing at
all; nor is it any way requifite he fhould.
I told you that the falling of bodies to

' the
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always remain where he was placed, sc//-
' balanced on his center; as my favourite poet
Milton elegantly exprefles it, concerning
the earth.

N. Your obfervation is firiétly juft.
And now, to lead you further on, I tcll
you, that the fun’s attraftion reaches
many millions of miles all around him;
and that all bodies attraét each other ac-
cording to their refpeflive quantities of
matter; that is, according to the number
of particles of matter they are composed
of. I have already told you that the fun
is a million of times as big as the earth:
and as the fun and earth are within the

reach of each other’s attration, whether
do you think, that the fun fhould fall to
the earth, or the earth to the fun?

E. 1 think, that if the {un contains as
muclh more matter than the earth docs,
as he is bigger than the earth, it is a
nmillion times more reafonable, that the
earth fhould fall to the fun, than that the
fun fhould fall to the earth.

N. Rightagain, fifter; but now I muft
inform you, that the fun is not so com-

patt or denfe a body as the earth is; and
F therefore
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head, when you quitted your hold of the
{firing.

"J. This is new doctrine to me; for
you never told me before, that the earth
goes round the fun. The earth then bhas
two motions, one round its axis in twenty.
four hours, and one round the fun in a
year.—Can you prove as clearly that the
earth gees round the fun, as you have
proved that it turns round its axis ?

N. T will prove it negatively juft now,
and pofitively afterward. If the earth
had no motion round the fun, it eould
have no centrifugal force, to hinder it
from falling to the {un, by its own weight
or gravitation, which is conftituted by the
power of the fun’s attraction, |

E. 1 {ee that the earth’s motion round
the {un is indifpenfably neceflary, and am
therefore fatisfied that it does exift. But
1 think the fun would require {fome mo.
tion too, in order te give him a centrifu-
gal force ; without which, it seems to me,
that, big as he is, the earth’s attraion
would pull him out of his place. For, I

remember, that® the pebble and f{ling
putled
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reprefent the center or axis of the fteel-
yard, which bears the weights that are at
both its ends. And, as gravity and weight
are {ynonimous terms, the point g, or
center of the fteelyard, is not improper-
ly termed the center of gravity of the
weights 4 and B.

E. Tunderftand you perfeétly well; and
am much obliged to you for the pains
you have taken hitherto, to make every
thing fo plain to me.

N. And, now, if you twift the thread
by which the wire and balls are fufpend-
ed at the point g, the untwifting of the
thread will caufe them both to go round ;
the great ball in the fmall circle d ¢ /, and
the little ball in the great circlea b ¢; and

the center of gravity ¢ between them will
remain at reft.

E. From which Iinfer, that the center
of gravity between the fun and the earth
is a motionlefs point.

N. And your inference is right.

E. 1T was jult going to afk you a quef-
tion, but am very glad a lucky thought
prevented me; for it would have been
quite childifh. |

N. Remember
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haps, deferve lefs of his favour than the
inhabitants of all the other planets do
taken together.—It is as eafy to him to
take care of thoufands of millions as of
one individual, and to liften to all their
various requefts.—On account of his om-
niprefence, nothing can efcape his no-
tice; and on account of his ommifcience,
nothing can efcape his knowledge!

E. And, as his omnipotence may be
inferred from his works, {o I have often
thought that his goodnefs may be in.
ferred from his power. For, as he had
power enough to make the world, he
certainly has power enough to punifh
the world : and, confequently, if his good-
nefs were not equal to his power, he would
punith us feverely for breaking his laws.

N. TIbelieve, fifter, a more juft infe-
rence was never made.

E. Do all the planets go round the fan
in a year, as our earth dces?

N. No: thofe which are neare[’c the
fun go fooneft round him, and thofe
which are fartheft from him are Iungﬁl-,

in performing their circuits.

E. And do they all move round the
center
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E. In what times do all the planets go
round the fun? _ o5t

N. Mercury i 87 days, 23 hours, of
our time; Fenus in 224 days, 17 hours ;
the Earth in 865 days, 6 hours; Mars in
686 days, 23 hours; Jup:’te:i in 4332
days, 12 hours ; and Satwrn in 10,759 days,
7 hours: all the same way, from weft,
by fouth, to eaft.

E. And do you know what their dift-
ances from the fun are ? ~

N. Their comparative diftances from
the fun have been known long ago, both
by the laws of nature, and by observa.
tion, and are as follow.—If we fuppofe
the earth’s diftance from the fun to be
divided into 100,000 equal parts, Mer-
cury’s diftance from the fun will be equal
to 38,710 of thefe parts; Venus’s diftance
72,333 ; Mars’s diftance 152,369 ; Jupi-
ter’s diftance 520,096 ; and Saturn’s dif=

tance 954,006.
E. And can you tell how many miles

are contained in thefe parts ?
N. Not fo exaltly as we cuuld wifh ;
yet aftronomers have come much ne_areﬂ'

to the knowledge thercof, by the
tranfat
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Suppofe a bhody, projetted from the
~ fun, fhould continue to fly at the rate of
480 miles every hour, (which is-much
about the {wiftnefs of a cannon.ball) it
would reach the orbit of Mercury in 8
years, 276 days; of Venus in 16 years,
156 days ; of the Earth in 22 years, 226
days; of Mars in 34 years, 165 days;
of Jupiter in 117 years, 237 days; and
of Saturn in 215 years, 287 days. o
E. Amazing to think that a cannon-
hall would be upwards of 200 years in
going from the {un to the remoteft planet:
of the {yftem! The diftance muft indeed
be immenfe ! |
N. Great as you think it, (and to be
fure great it is) yet fome of the comets
go almoft fourteen times as far from the
{un as Saturn is : notwithftanding which,
they are then nearer to the fun than to
any of the ftars. For if any comet thould
go as near to any ftar as it is to the fun,
when fartheft from him, it wsuld be as.
much attrafted by that ftar asit is then
by the fun; and its metion being then
toward
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for deducing it real bulk from 1its appa-
parent bulk.—According to the fore-men-
tioned diftances, the {un’s diameter is
893,760 miles, (and coufequently he is
1,410,200 times as big as the earth);
Mercury’s diameter, 3,100; Venus’s, 9,360 ;
~ the Earth’s 7,970; Mars’s diameter, 5,150 ;
Jupiter’s, 94,100; and Saturn’s diameter,
77,990 Englifh miles.

The moon’s diftance from the earth’s
center is 240,000 Englith miles, her dia-
meter 1s 2,170 ; fhe moves (with refpe&t
to the earth) 2,290 miles in her orbit eve-
ry hour; and fhe goes round the earth,
from change to change, in 29 days, 12
hours, 44 minutes.

Jupiter has four moons going round
him in different times and at different dif-
tances. His firft or neareft moon goes
round him in1 day, 18 hours, 36 mi-
nutes; the fecond, in 8 days, 13 hours,
15 minutes ; the third, in 7 days, 3 hours,
59 minutes; and the fourth, or fartheft
moon from him, in 16 days, 18 hours, 30
‘minutes.

Saturn has five moons, the neareft of
which goes round him in 1 day, 21 hours,

19
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N. To turn away his dark {pots from
Iong facing the planets, and thereby to
difpenfe his light the more equally all
around him to the planets. Bu:, are
you not tired by this morning’s long con-
verfation ?

E. Far from it, brother, ‘though I am
fure you may. But what fhall I do? for
I fear 1 cannot remember much of what
you have told me this morning, fo asto
write it down.

N. Never mind that, Eudosia; for I be-
lieve I fhall publifh thefe our converfa-
tions, for the fake of other young ladies :
many of whom are, nodoubt, willing to
learn Afironomy, but have no body to
teach them. And then you can have the
whole together in print.

E. If youdo, Sir,I muft infit upon
your not mentioning my name.

N. Your defirefhall be complied with :
and in concealing your real name, I fhall
alfo conceal my own.

DIALOGUE
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N. The nearer that any planet is to the
fun, the more firongly it is attradted by
the fun; the farther any planet is from
the fun, the lefs is the force of the fun’s
attraction upon i1t, And, therefore, thofe
planets which are the nearer to the fun
muft move the fafter in their orbits, in
order thereby to acquire centrifugal
forces equal to the power of the fun’s at.
trattion : and thofe which are the far-
~ ther from the fun muft move the flower,
in order that they may not have toe
great a degree of centrifugal force for
the weaker attraction of the fun at thofe
diflances. |

E. Then I underftand, that the fun’s
attra®tion, at each particular planet, 1is
equal to the centrifugal force of each
planet ; and, by that means, the planets
are all retained in their refpe&ive orbits.

Is it not {o ?

N. Accurately fo.
E. Then, as the power of the Deity is

manifeft, in having fet off fuch large bo-
dies as the planets are, with f{ach amaz-
ing degrees of velocity ; fo his great wif-
dom is confpicuous, in having fo exaétly
adjufted their velocities, and, éonfequen;t-

Ys


















62 THE YOUNG GENTLEMAN AND

would exaétly folve your queftion, if gra-
vity afted as all mechanical caufes do;
only -on the furface of bodies.

Let S. be the centre of the {fun; and S4,
Se, Sf, S g be, asit were, lines of ats
traltive force, drawing the three fquare
plates, 4, B,and C, towards S§. Thefelines
touch only the four corners of the plates;
but we may {uppofe the whole {pace with.
in them to be full of fuch attra&ive lines ;
Jaying hold of all the parts, or points (if
you will) of the furface of each plate; and
every particle of matter in each plate re-
quiring an equal degree of power to draw
it equally faft toward the {un.

Now, let the plate B be twice as far from
the {un’s center as the plate 4 is; the
plate C three times as far, and the attrac.
tive forces equal on each plate, as if the
above mentienod four lines Sd, Se, S,
and § 2, were four cords, équal]y ftretch-
ed, and pulling all the plates with equal
forces toward 8.—But, the plate B being
twice as long, and twice as broad as the
plate 4, it is plain, by the figure, that B
contains four times as much furface as 4
does, and four times as great a quantity

of
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of matter, fuppoling it as thick as 4; and
the plate C, being three times as broad,
and three times as long as 4, contains
nine times as much furface and mattex as
A does, fuppofing it of an equal thick-
nefls with 4

- Suppofe now, that the intermediate
linés of attraftion, between the four cor-
ner lines, are {o clofe together, as that
they lay hold of every point of the {urface
of 4, and draw it toward § with all their
force; it is plain, that they can ounly lay
hold of every fourth point of the {urface
of B, and of every ninth peint of the fur.
face of C; fo that, the plate B will want
‘three fourth parts of the attraftion that
would be {ufficient to draw it toward § as
faft as the plate 1 is drawn; aud € will
want eight ninth parts of the attration
that would be f{ufficient to make it move
as faft as 4 toward S. '

E. Iiee this very well: but, if gravi-
ty alls not according to the quantity of
{urface, pray how doth it aét ?

N. Exaflly in proportion to the fnhd
centents of bodies ; that is, to the quan.
tities of matter they contain. For, you
' | ~ kaow,
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it would require minety thoufand ; and
that number would fill the whole of our
vifible fky.

E. You amaze me; but I know you
will not deceive me. Pray, how can you
find any method of comparing moon-
light with day-light, o as to afcertain the
great difference between the quanti.ties
thereof ?

N. Have you never obferved the moon
pretty highupin the morning after the
fun was rifen, when the moon was about
three quarters old 2

E. Yes, brother: and when I have
feen her, as it were, among whitifh
clouds, the appeared much of the fame
colour as they did ; very dim in compa-
rifon with what {he appears in the night.

N. And yet, the was juft as bright
then as fhe is in the night; only the
fuperior light of the day made her {sem
{fo much otherwife. Like a candle,
which appears very bright in the night.
time; but fet it in the fireet in day-

light, n,nd it will feem very dim, al-
L though
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t“hough its real bnghtnefé is ftill ‘the
Mife, P
E. T think I cnuld almoft tell what
you are to infer from all this ; but will
not fpeak, left’ T fhould be miftaken
again. And” theref&re I beg yau will
pruceed | ~
" N. When the fun is lnd Ta}' clouds,
all the light we have is by refleftion from
them. The moon reflefs the fun’slight
in the night-time, as the ‘clouds ‘do(in
the day : and asfhe can refle€t no more
light in the day than a {mall bit of a
whitifh cloud 'does, ‘that covers as much
of the fky, as the moon covers, fhe can
reflect no more in the night.——And as
the full ‘moon- fills- only’ a ninety-thou-
fandth part of the fky, her light is no
more than equal to a ninety-thoufandth
part of the common day-light. Now as
the light of the fun at Saturn is equal
to a ninetieth part of his light at the
earth, and.. commen day-light at the
earth 1s 90.000 times as great as wmoon-
light ; divide 90,000 by 90, .and  the
quotient will be 1,000: wluch fhews,
that
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ways of murdering it, by going abroad
to card-tables, balls and plays: and
then, how much better wives, mothers,
and mifireffes they would. be, is obvious
to the common fenfe of mankind.—The
misfortune 1s, there are but few men
who know thofe things: and where that
is the cafe, they think the ladies have
no bufine{s with them; and very abfurd-
ly 1magine, becaufe they know nothing
of icience themfelves, that it is beyond
the reach of women’s capacities.

E. But, is there no danger of our fex’s
becoming too vain and proud, if they
underftood thefe things as well as you
do?

N. Iam furprized to hear you can talk
fo oddly.——Have you forgot what you
told me two days ago ! namely, that if
you had been proud before, the know-
ledge of Aftranomy, you believed, would
make you humble ?

E. You have caught me napping, as
the faying is :=—but I will not take up
more of your time at prefent with di-

greflions. 1 remember, this morning,
to .
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to have heard you mention the light’s
poing from one place to another, as i
it took fome time in moving through
open fpace. I know that found does {o;
becaunfe I have feen the flath of a diftant
cannon before I heard the noife that it
made, ~

N. True, filter; and you did not {ee
the flath at the very inftant when it was
given ; though you {faw it very foon
after.

E. And do you know with what de-
gree of {wiftnefs light moves?

N. Yes; and you fhall {foon know
too. The Earth’s orbit lies far within
the orbit of Jupiter.

E. Undoubtedly; becaufe Jupiter is
much farther from the fun than the Earth
is.

N. Then you know, that when the Earth
is between Jupiter aad the fun, the {un
and Jupiter appear oppofite to each other
in the heavens. And when the fun is
nearly between us and Jupiter, the fun and
and Jupiter appear nearly in the fame part
of the heavens,

- . Undaubtcd)y
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N. There is no reafon to believe but
that it doecs. And I imagine, Ican very
ealily convince vou that it does fo.

If the particles of light did not fly off
from the planets asfaft as they came
upon them, there would ftill be an ac.
cumulation of light upon them; which
would make them appear every night
brighter aud brighter; but, in reality,
they do not. And if the light flew off
fafter from the planets than it comes
upon them, they would appear dimmer
and dimmer every night ; which 1s not at
all the cafe. |

E. But are all the rays which the fun
darts on any planet reflected from it, and
none of them loft or absorbed in the mat-
ter of which the planet is_compofed? Or,
if some of them be abforbed, will not this

invalidate your argument?
N. Not at all, if the absorbed rays bear

a conftant proportion to the whole num-
ber of rays with which the planet is fuc-
ceffively illuminated ; and this mult un-
doubtedly be the cafe; for the fame parts

of the planet’s furface which either re-
fleét,
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each other. The fame may be therefore
fuppofed to hold good in the other pla-
netary worlds; and {fo the proportion
before mentioned will not be {enfibly
altered.

E. You have quite removed my diffi-
culty, brother; and I thank you for
having done it. But, as light comes
from the Sun to the Earth in eight mi-
nutes of time, its {wiftnefs muft be
amazingly great. Let me try whether
I can compunte it: for you taught me
not only the four common rules of arith-
metic before you went to the univerfity,
but even the rule of three. The Sun’s
diftance from the Earth is 95 millions
of miles, in round numbers; and light
moves® through that {pace in 8 minutes
of time ; divide, therefore, 95,000,000
by 8, and the quotient 1is 11,875,000
for the number of miles that light moves
“in a minute. Now, I remember that
you told me a cannon.ball moves at
the rate of 480 miles in an hour, which
is 8§ miles in a minute; I therefore di-

vide 11,875,000 by 8, and the quotient
is
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is 1,484,375; 1o that light moves more
than a million of times as {wift as a
cannon-ball.—Amazing indeed!

N, It is fo :—And now I will tell
you fomething which is full as amaz-
ing. |

E. What can that be: do you mean
the power of the Almighty ? ‘

N. Far from it: I only mean the in-
conceivable fmallnefs of the particles of
light. | _ |
" E. And how do you know that they
‘are {o inconceivably {mall?

N. The force with which a body
firikes any obftacle is direétly in pro-
portion to the quantity -of matter in
the body, multiplied by the velocity
with. which it moves. 'And, conse-
quently, as the velocity of light is, in
round numbers, a million of times as
great as the velocity of a cannon-bullet ;
if a million of the particles of light were
but as big as a common grain of fand,
we could no more keep our eyes open
to bear the impulfe of Iight, than we

M 2 ceuld
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- as the apparent breadth of the Sun is
known, and the time of Venus’s going
round the Sun is alfo known; the time
of her appearing to move through a
{pace equal to the Sun’s breadth, as {een
by an obferver at reft is eafily calculat-
ed, and is the {fame as would be obfer-
ed by a perfon placed at reft, at the cen-
ter of the Earth. And then, at all kinds
of diftance of the Earth from the Sun, it
1s ealy to calculate how much the dura-
tion of the tranfit would be fhortened by
~ the motion of an obferver on the Earth’s
furface, on the fide of the Earth next to
Venus, and who is then moving in a
contrary direftion to the motion of Ve-
nus in her orbit, that the duration of
the tranfit would be to an obferver at the
Earth’s center, or even on its furface if
the Earth had no motion on its axis; in
which cafe, the obferver on the furface
would be at reft. But as that obferver
1s really in motion with the Earth, when
the duration of the tranfit is obferved by
him, and, confequently, known how
much fhorter it appeared to him, tha
O it
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by people at very differe ntparts of the
Earth. Pray did you find that all the
obfervations (as you got accounts of
them) agreed fo well, asto give all the
{fame conclufion ?

N. I cannot fay they did {o nearly
as we could wifh; which might have
been owing to two caufes. Firft, that
the differences of longitude (as it 1is
called) between many places where thofe
obfervations were made, are mnot yet
well afcertained: and fecondly, that all
the obfervers did not ufe telefcopes of
an equal magnifying power, which they
fhould have agreed to do before-hand.
And undoubtedly, they who ufed the
higheft magnifying telefcopes, - could
more accurately determine the inftant
of Venus’s two internal contats with
the Sun, than thofe could who ufed
fmaller magnifying telefcopes. But "tis
to be hoped, that all proper care will be
taken in obferving the tranfit on the
3d of June 1769. And Aftronomers will
do well to make the moft and beft of it

they
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they can; as there will not be another
tranfit in lefs than 105 vears afterward.

E. How can that be ?—For as the Earth
goes round the funin a year, and Ve-
nus in 225 days; I fhould think, that
Venus would pafs between the Earth and
the Sun once every two years at motft.

N. So the would, once in every 584 days,
if her orbit lay inthe fame plane with
the Earth’s orbit, like one circle made
within another on a flat paper. But one
half of Venus’s orbit lies on the North
fide of the plane of the Earth’s orbit;
and the other half on the fouth fide of
it: fo that her orbit only crofles the
Earth’s orbit in two oppolfite points.
And, therefore, Venus can only pafs di-
retly between the Earth and the Sun,
when, at the times of her conjunétions
with the Sun, fhe is either in or near
one or other of thofe points. At all
other times, fhe either palfes above or
below the Sun, and is then invifible, on
account of her dark fide being toward
the Earth. But its bemg {o alfo, at the

time
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N. Why did you not ring your bell,
in order that fomething might have been
brought to relieve you: efpecially as you
know that our mother (among many other
good medicines) always keeps an eleftuary
of honey, powder of liquorice, of elecam-
pane, feeds of anife, and flowers of fulphur;
which is exceeding good for that diforder,
and has cured many of it.

E. I wasloth to furprife any bedy in
the night, efpecially as the althma did not
continue long violent.—I raifed my head
a good deal; {o it left me gradually ; and
now I feel nothing of it.

'N. Tam very glad of #at—But I think
it would be quite wrong to enter upon any
fuch fubject this morning, as we have al.
ready been about. And therefore, I hope
you do not come now with any fuch in-
tention.

E. Indeed I do, if it were but to take
off my drowfinefs; and I feel no other ail-
ment at prefent.

N. Well then ;—with what {ubject {hall
T entertain you this morning ?

B g
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round the Earth, through the poles.

The Latitude of a place is the number
of degrees that the place is from the
Equator, towards the WNorth or South
pole: and is denominated Novrth or South,
as the given place is on the North or
South fide of the Equator,——Thus in
' the little globe, (Fig. 1. of PLATE 1,) all
the places in the northern hemifphere,
from every point of the equator to the
North pole, have North Latitude: and
all the places from every point of the
equator to the South pole have South
Latitude. As the poles are the fartheft
points of the Earth from the equator, they
have the greateft Latitude; “which is 90 de-
- grees, or a fourth part of 360, the whole

circumference of the globe,

The North and South points or poles
of the Heaven are directly over the
North and South poles of the Earth.—
And therefore, as the Farth turns round
its axis, which terminates in its North
and South' poles, every point of 'its fur-
face 1s carried reund in <4 hours, ex-

cept
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ther the North or South pole of ,the
Earth, the like pole of the Heaven would
appear to be one degree elevated above
our horizon, because we would fee a
degree of the Heaven below it; and the
contrary pole of the Heaven would be
one degree hid below the limit of our
- view.—If we go two degrees from the
equator, the pole will appear to be two
degrees elevated above our horizon; and
fo on, till we go to either of the Earth’s
poles, 90 degrees from the equator ;
and then, the like part of the Heaven
would be juft over our head, or 90 de-
grees above our horizon; -which is the
greateft elevation it can have, as feen
from any part of the Earth. And as
the number of degrees we are from the
Earth’s equator is called our Latitude, fo
the number of degrees of the elevation
of the celeftial pole is equal thereto. At
London the North pole of the Heaven is
elevated 513 degrees above the horizon ;
which fhews, that London has 51% de-
grees of North Latitude from the equa-

tor. And as Latitude begins at the
equator
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N. No; but there is a ftar of the fe-
cond magnitude, about two degrees from
the North pole, and 1t is called the Pole star.
And as the Earth’s motion on its axis
caufeth an apparent motion of all the
ftars round the poles of the Heaven : the
pole ftar appears to us tc defcribe a cir-
cle of four degrees diameter, round the
pole itfelf, every 24 hours. And there-
fore, if we fubtraét two degrees from
the greateft obferved height of the pole
ftar, or add two degrees to the leaft ob-
ferved height thereof, the refult gives
the elevation of the pole at the place of
obfervation.

As the North pole 1is elevated 51' de.
grees above the horizon of London ; all
thofe ftars which are within 51% of that
pole never fet below the horizon of Lon.
don. And therefore, if the greateft and
leaft altitudes of any of thefe ftars be
taken with a qusa.drant, half' the diffe.
r/ﬁce of thefe altitudes bemg added to
the leaft, or fubtraéted from the great-
eft, gives the elevation-of the pole above
the horizon. .

/ And
























122 THE YOUNG GENTLEMAN AND

"N. The beft method, in theory, is by a
‘machine that will meafure time exaétly, so
as to go astrue at {ea, asa good clock does
on land.

E. Pleafe to explainthis. ,

N. The Earth’s circumference is 360 de..
grees; and as it turns vound its axis caft-
ward every 24 hours, it turns 15 degrees
every hour ; for 24 times'¥'5 are 360. There-
fore, every place whefe meridian is 15 de.
grees ecaft of the meridian of London .-will
have noon, and every other hour, one hour
‘fooner than it is fo at the meridian of Lon-
‘don. Every place whofe meridian is 30 de-
grees eaﬁward of the meridian of London
‘will have noon, and every other hour, two
hours fooner thdn it is fu at the meridian
of Londun . and {0 on : 'the time ‘always
differing ‘one hour fur every 15 degrees
of Longitude: On  the contrary, 'every
place whofe meridian is 15 degrees weft
from the meridian of London will have
‘noon, and every other hour, one hour la-
ter than it is {o at the meridian of Lon-

and every place whofe memd:nn is
30

don
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in' the middle of the enlightened halfof
the Earth, as on the meridian P z; itis
plain that it wiil be twelve o’clock at
night, at the fame inftant, on the oppofite
meridian » ‘P, becaufe it is then in the
middle of the dark: VI o’clock in the
morning on the meridian ¢ P, and VIin
the evening on the meridian g P; and
1o all the intermediate hours, on the
interinediate meridians, at the very in-
{lant when it is noon on the meridian
P a. So that, fuppofing P a to be the
meridian of London, it is plain, that when
1t 1s XIT o’clock there it will be 1 o'clock™
in the afternocn on the meridian P o
becaufe ¢hat meridian is paft by the fun 15
degrees, or one hour, to the eaftward; II
o’clock in the afternoon on the meridian
P ¢; 1l o’cleck on the meridian P d; and

fo en. But, it can only be XI in the
forenoon on the meridian P z, when it

is noon on the meridian P «; becaufe

P z is then an hour fhort of being even
with the Sun: X o'clock in the fbrenoun

on the meridian P v, becauﬁe_ that r_ne- .

ridian
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and then, by the altitude of the Sun, finds
the time at that place; which: we fhall
fuppofe to be IX o’clock in the morning;
he then looks at bhis watch, which fhews,
the time at London, on the meridian P 4,
and finds thatit is XIIo’clock at noon on
the meridian of Londen. By this he
knows, that he 1s three hours to the
weft of London; and as every hour of
time an{wers to 15 degrees of Longitude,
he finds that the meridian of the place
of his fhip is 3 times 15, or 45 degrees
weft from the meridian of London.
And, as every hour anfwers to 15 de-
grees of longitude, fo every four minutes
anfwers to one degree. If he bad been
as far eaftward (as at d) from the me-
ridian of London, he would have found
it to be IIl oclock in the afternoon at
the place of his fhip, when his watch
would have fhewn him that it was thenonly
mid-day at London: and o, in that cafe, he
would have known that the Longitude of
his thip was 45 degrees Eaft from the me-
ridian of ILondon.

E. This appears to me to be a very
rational
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dure- oue) for finding the Longitude, has
been prathied for many  years: and that
1s, by the eclipfes of Jupiter’s fatellites;
but ‘it is" attended with two inconveni-
ences; firft, as it requires the telefcope to
‘be quite fteady, by which thofe eclipfes
are obferved, it cannot be put in practice
at {ea, on account of the unfteadinefs of
the fhip: and, fecondly, no obfervations of
thefe eclipfes can be made in the day-thme,
becaufe Jupiter is not then vifible.

E. Butl fhould think it meft {iill be
very ufeful in finding the Longitude of
places on the land, where the telefcope may
be kept quite fteady.—Pray, explain the
method by which the Lungzltude has been
thus found.

N. The Enghfh aﬁt‘anﬁmers have cal-
culated tables which fhew the times
of thofe eelipfes, all the year round, on
the meridian of London ; and the French
have dome the: like for the meridian of
Paris.—Now, fappofe an Englithman to
be at Kingston in Jamaica, and that he ob-
ferves either of Jupiter’s moons ta be
eclipfed juft at One o’clock in the morn-

ing :
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draw a circle all round it; which cail
the North polar cirele; and fuppofe juft
fuch another circle to be drawn around
the South pole.

Make the Earth’s axis P p incline
23% degrees toward the right-hand fide
of the plate; and let the Earth I be car-
ried round the Sun §, in the orbit 4, B,
C, D, &c. in the time of its turning 3653
times round its axis : and, in its whole
courfe, let its axis P p flill incline ¢3%
degrees toward the right-hand fide of the
plate.

Then ’tis plain, that when the Earth
is at I, the whole North polar circle falls
within the enlightened part of the Earth;
and all the northern places between the
Equator 2 and the North polar circle »
are more in the light than in the dark:
and therefore, as the Earth turns round
its axis, thefe places will have longer
days than they have nights: and the
Sun will point as far North of the Equa-
tor 2 as thewn by the firaight line R, as
he fhines round the North pole P; for
the diftance 2 7, northward from the

Equator,
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. When at the Earth is at X, its agis P.p-

inclines neither toward the Sun nor from.
him, but is fidewife to him: fo that
the Sun is then direftly over the Equa-
tor, and enlightens the Farth juft from
pole to pole. And, asthe FKarth’s rcta..
tion on its axis then carries all the parts
of its furface between. the poles equally
through the: light and the dark, the days
and nights are equally long at all places
Gf the - Earth.. This 1s the Earth’s pofi.
tmn on the 23d of “eptember.

o {3 the Earth advances from K to L,
through the part € D of its orbit, the
North pole 2P and all the northern places
of the Earth are graduvally more and
more turned away from the Sun S: and
thofe places of the northern hemifphere
which go through the light and the
dark, go through more of the dark than
of the light; fo that their days become
gradually fhorter, and their nights.
longer. :

When the Earth comes to L in its or-
bit, its North pole £ is as much turned
away from the Sun S, as it was turned

¢ toward
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fidewife to the Sun; the northern places
- fall more and more into the light, and
their days lengthenand nightsfhorten. And
when the Earth comes to 3, which is on
the 20th of March, its axis neither inclines
toward the Sun nor from him, but fidewife
to him; and then, the Sun is direétly over
the Equator 2, and enlightens the Earth
from its North pole P to its South’ pole
p: and as it turns round its axis, every
place on its {furface from pole to pole goes
equally through the light and the dark, and
has the day and night of an equal length,
that 15, twelve hours each.

Laftly, as the Earth goes on from M
to J, in the part G X of its orbit, its
North pole P, and all its northern places
from the Equator 2 to that pole, advance
gradually more and more into the light;
and fo, have their days longer and
nights fThorter, till the Earth comes to [
on the 20th of June, when the days in
thofe places are at the longeft, and nights
at the fhorteft; becaufe they incline the
moft tg the Sun that they can do on any

day
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feafons.—But, as I apprehend the matter,
each pole, in its turn, muft be con-
tinually in the light for half a year to-
gether, and in the dark for the other half:
fo that it appears there can be but one day
and one night at each pole, in the whole
year.

N. You are quite right, Fudosia; and
have told me the very thing that I was
about to inform you of.

E. T came into your room yefterday
about one o’clock; but you happened
then tobe out : and feeing a book lying open
on your table, I looked into it; and found
mention made of the ecliptic, the signs there.
of, and the Sun’s place. Pray, whatis the
ecliptic, and what are its figns?

N. If the plane of the Earth’s orbit
were produced out to the ftars, like a
broad circular thin plate, its edge would
form- a great circle among the fiars;
which great circle (tho’ only an imagin-
ary one) we call the Ecliptic.' And as the
Earth moves in the plane of fucha cir
cle, in its whole courfe round the Sun,

it
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at all on its -axis, all fides are fucceflively
fhewn to the ink horn ?

E. They are indeed.

N. Carry it round the ink-horn again;
and try whether you can make it fiill keep
one and the fame fide toward the ink-horn,
without turning round on its axis, by turn-
ing the axis round between your fore finger
and thumb.

E. I find it impoflible to do {o :—for in
each revolution of the globeabout the ink-
horn, in order to make the globe keep fill
the {fame fide toward 1it, I am obliged to
turn the axis once round betwixt my finger
and thumb: and, as the axis is fixt in the
globe, I cannot turn the axis round with-
out turning the globe round too.

N. Well, {ifter, feeing that the Moon
goes round the Earth in her orbit, as you
carry the globe round the ink-horn; 1is
not her keeping the fame fide always to-

ward the Earth a full proof of her turning

round her axis ?
K It
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N. What realon have you for thinking
{o, Eudosia ? :

E. Becaufe, which-ever fide of the
Earth or Moon is turned toward the
Sun at any time, that fide is then enlight-
ened by the Sun. And therefore, when
the dark f{ide of the Moon M (Fig. 2. of
PLATE IV.) istoward the Earth E,the
enlightened fide of the Earth is then fully
toward the Moon; and muft appear to
her like a great full Moon. And when
the enlightened fide of the Moon at & is
fully toward the Earth, the dark fide of
the Karth is toward the Moon; and there-
fore it cannot appear to the Moon, as the
Moon at M does not appear to us. And
farther, when the Moon appears half full
to us (or in her firft quarter) at O, the
Earth muft appear half decreafed to the
Moon, being then half way between its
full and change, as feen from her. And
laftly, when the Moon is in her third

quarter at 7, as {een from the Earth, the
’ Earth
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of any other meridian of the Earth from -
that meridian, might as eaflily be found,
as the elevation of the pole above the
horizon is found.—Now, feeing that the
Moon keeps always one and the fame
fide toward the Earth, ’tis plain, that the
Earth will be always over an obferver’s
head whois on that part of the Moon’s
furface which {eems to us to be her cen-
ter. And therefore, if Longitude on the
Moon were reckoned {rom . the meridian
of that obferver, thofe on all her other
meridians on the fame fide might find
bow many degrees lie between their me-
ridian and that which 1s under the Earth,
by obferving how many degrees the Earth
is Eaft or Weft of their meridian. But,
as thofe inhabitants who live on what
we call the back of the Moon, never fee
the Farth, they are deprived of t/at eafy
method of finding their Longitudes.

N. Truly, fifter, I ought to make you
a very finc speech for that thought: but

having no talent that way, 2ll T fhall
fay
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walk direétly forward, or go round the
circumference of a large circle. And the
tendency of the pebble to fly off, and the
force with which you hold the ftring to
confine the pebble in its orbit, will be
the fame in one cafe as in the other.
E. 1 thank you, brother, for having
fet me right in this matter; and at the
fame time for convincing me, by the |
{imile, that the Moon’s centrifugal force,
or tendency to fly out of her orbit, 1s
equal to the power by which the Earth
attracts her, and thereby retains her in
her orbit: for, if her centrifugal force
were greater than the Earth’s attralion,
the would fly out of her orbit, and fo
abandon the Earth. And if her centri-
fugal force were lefs than the power by

which the Earth attrafts her, {he would
come nearer and nearer the Farth in

every revolution, and would fall upon it

at laft. -
N. 1find, dear Ewdosie, that you very
feldom need to be fet right: and when
' I de
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from the pebble and fling. Idrew a figure
laft Saturday afternoon, in order to ex-
plain this matter to you by it. But, as
you underftand the thing fo well already,
we have no occafion for the figure.

E. Nay, brother!—I beg you will Thew
me the figure, and explain it too, if your
time will permit.

N. Then, hereitis: (PLATE V. Fig. 1)
TLet A BCDE FG be one half of the Earth’s
orbit; which will do as well for us,
juft now, as if the whole of it had been
drawn. Let S be the Sun, ¢ the Earth,
h the Moon when new, or between the
Earth and the Sun; and i # / the Moon’s
orbit, in which fhe goes round the Earth
according to the order of the letters /i
kl: and let the Earth, together with the
Moon and her (imaginary) orbit, go round
the Sun in a year. | £

Draw a diameter & /. of the Moon’s
orbit, when the Earth is at ¢; fo as, if
that line were continued, it would go
on firaight to the Sun’s center §: ‘’tis
plain, that whenthe Moon is in the end

h of
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and change, if the Earth always remain-
ed at a. |
But as the Earth advances as far in
its orbit as from « to b, between any
change of the Moon and the next that
fucceeds 1it, ’tis plain, that when the
Earth is at b, and the Moon new at m,
fhe will have gone more than round her
orbit from 4 to % again, by the fpace
h m. And as all circles, be they ever
fo great or ever fo {mall, contain 360
degrees (a degree being not limited by
any certain number of miles, but by the
length of the 360th part of a circle) the
fpace hm, by which the Moon has gone
more than round her orbit, from her change
at & to her change at m, will contain
juft as many degrees and parts of a degree,
as the Earth has moved in that time from
a to b 1n its orbit.
At the {econd change of the Moon from
h, the Earth will be at ¢, and the Moon at
n : by which time fhe will have gone twice
round her orbit from /4 to % again, and as
much more as the {pace or part /2 of her
orbit contains, which confifts of as many
degrees
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fomewhat more than 5 degrees in its orbit,

E. I remember you told me that the
time from change to change is 29 days, 12 -
hours, 44 minutes, 3 feconds: Pray in
what time does the Moon go round her
orbit ? |

N. In 27 days, 7 hours, 43 minutes, 5
feconds. -

E. And how far doth the Earth move
in its orbit between change and change of
the Moon ?

N. Twenty-nine degrees, {ix minutes, -
twenty-five feconds.—And here you are to
- underftand that a minute is the 60th part
of a degree, and a fecond 1is the 60th part
of a minute.

E. Then, ’tis plain, that between change
and change, the Moon goes 29 degrees, 6
minutes, 25 feconds, more than round her
orbit.

N. True Eudosia; and now I have only
to tell you farther, on this fubject, that
the Moon’s coing round. her orbit is call-
ed her periodical vevolution ; and that her

LOINg .
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E; let thefe lines be fuppofed to turn
round the middle line F M E; and the fpace
e e, within them, between the Moon and the
Earth, will include the Moon’s dark fha-
dow, which is of a conical figure, (like an
inverted fugar-loaf) and covers only a fmall
part. of the Earth’s furface at E : and only
from that {mall part the Sun will be quite
hid by the Moon, and appear to be totally
eclipfed; and it can be quite dark only at
that part, becaufe the Moon ftops not the
whole of the Sun’s light at that inftant of
time, from any other part of the Earth.—
Tis evident, that if the Moon were nearer
the Earth, her dark thadow would cover a
large part of its furface: and if the were
farther from the Earth, her fhadow would
end in a point, thort of the Earth’s furface;
and then the could not hide the whole body
of the Sun from any part of the Farth ; and
thofe who were juft under the point of the
dark fhadow would fee the edge of the
Sun, like a fine luminous ring, all round

the dark body of the Moon.
But
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edge of the Moon, jufl, as it were, touching
the weftern edge of the Sun at B; and an
obferver at o will fee the weftern edge of
the Moon, juft, as it were, touching the ea-
ftern edge of the Sun : but to all the places
between » and o, the Moon will hide a part,
or the whole .of the Sun, according as they
lie between n and E, or between o and [,
or direétly at E,—This fiant {hadow, all
round the dark one, from n to o, on the
Earth’s {urface, is called the Penumbra, or
partial fhadow of the Moon,

E. How many miles are contained in
the diameter of the circle which the
Penumbra fills on the Earth’s furface?

N. About 4700, when its center falls
direélly i a right line from the Sun’s cen-
ter to the Earth’s at a mean rate.—DBut
when the Penumbra falls obliquely on'the
Earth’s furface, its figure thereon will be
ecliptical ; and then, the fpace that it covers
will be much larger ; efpecially if the Moon
be then at her leaft diftance from the Earth.

E. What!
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E. As the Moon’s diftance from the Earth
15 little more than a 396th part of the Sun’s
diftance from it, (as I have computed) I |
fuppofe the Moon’s thadow at the Earth
will move almolft as faft as the Moon moves
in her orbit.—Pray, in what time will the
dark part of the thadow move over about
180 miles of the FEarth’s furface?

N. In four minutes and a half; and
would go over that {pace fooner, if the
Earth’s motion round its axis, (which i1s
eaftward, and confequently the fame way
that the Moon’s fhadow goes over the Earth)
did not keep the place on which the fha-
dow falls longer in the fhadow than it
would be, if the Earth had no fuch
motion. :

E. Then an eclipfe of the Sun can
never continue total above four minutes
and an half] at any place of the Earth?

N. It never can, even when it falls on
~ the Equator, where the parts of the
Earth’s furface move the quickeft of all.
And when it falls upon any part of

Britain,
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is vifible only on that account. For, if the
Earth had no atmofphere, its fhadow would
be quite dark ; and the Moon would be as
invilible, when fhe is totally immerfed
therein, as fhe is at the time of her change.

E. 1thank you, brother, for all thefe in-
formations; but I ftill want more.

N. Only {ay what they are; and I will
inform you it I can.

E. I fee plainly by the figure, that the
Sun cannever be eclipfed (in a natural way)
but at the time of the new Moon ; hecaufe
the Moon’s thadow cannot fall upon the
Earth at any other time; and thatthe
Moon can never be eclipfed but when fhe
* 1s full ; becaufe that 1s the only time when
the Earth’s fhadow canfall upon her. But
though we have a new and a full Moon in
every month of the year, Ifind my alma-
nack mentions but very few eclipfes; and
generally, about half a year between the
times of their happening.

N. If the Moon’s orbit ¢ b ¢ kda lay
exactly even (or in the {fame plane) with

the



LADY'S ASTRONOMY. 17%

the Earth’s orbit C 6 d D, as it 1s drawn on
the flat paper, the Sun would be eclipfed at
the time of every new Moon, and the Moon
at the time of every full. But one half of
the Moon’s orbit lies on the North fide of
the plane of the Earth’s orbit, and the other
half on the South.fide of it: and confe-
quently, the Moon’s orbit only croffes the
Larth’s orbit in two oppofite points.
When either of thefe points are between the
Earth and the Sun, or nearly fo,at the time
of new or full Moon, the Sun or Moon
will be eclipfed accordingly. But at all
other new Moons, the Moon either paiieth
above or below the Sun, as feen {rom the
Farth : and, at all other full Moons, the
Moon either palleth above or below the
Earth’s fhadow. One of thofe points is
called the Ascending Node of the Moon’s
orbit ; becaufe, when the Moon has paft by
it, fhe afcends northward, or to us, above
the plane of the Earth’s orbit; and the op-
pofite point is called the Descending Node of
the Moen’s orbit; becaufe, as foon as fhe
has paft by it, fhe defcends fouthward ;

Aag which,
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which, to us in the northern parts of the
Earth, is below the plane of the Earth’s
orbit.

E. Suppoling that either of thefe nodes
were between the Earth and the Sun juft
now ; how much time would elapfe before
the other could be {o?

N. 1t would be juft half a year, if a line
drawn from the one to the other keptal-
ways parallel to its prefent pofition (like the
above-mentioned diameter of the Moon’s
orbit, £ A, in Fiz. 1.): but the nodes move
backward or toward the Weft, contrary to
the Moon’s motion eaftward in her orbit, at
the rate of 19 degreesevery year.—So that
from the time of the Sun’s being in conjunc-
tion with either of the Moon’s nodes, to
the time of his being in conjunttion with
the other, is only 178 days, 7 hours, 8 mi-
nutes. ‘ ;

L. As there muft be some diftances {rom
thefe nodes, within which the Sun and
Moon muft be eclipfed ; I fhould be glad

to know what thefe diftances are ?
N. They:
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I, T wifh you would teach me to do fo
too, if you think I have a fufficient capacity
“for that branch of {cience.

N. You have much more ; and I will in-
ftruét you with pleafure; for you have not
only learnt the four common rules of arith-
metic, but even as far as the Rule of Three.
-—And in thefe calculations, no farther a-
rithmetic is neceflary than eddition and sub-
traction.  But you muft learn firft to calcu-
late the times of new and full Moons.

E. That Iwill do with very great plea-

{ure.
N. Then we will fet about it to-morrow

morning, if you pleafe : but the whole will
take up a week at leaft: during which time
we muft fufpend our ufual confabulations.

E. 1 wifth to.morrow were come already.

N- You remember the book which you
faw a few days ago in this room; in which
you told me you had taken notice of fome-
thing concerning the ecliptic and its figns.
—Did you look at the title-page of that

book ¢
. I
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Let the Earth be in conftant motion, turn-
ing eaftward round its center E, every 24
hours accerding to the order of the letters
ABCD ; and let 1 be the Moon, moving
eaftward in her orbit QO o, as from A to o,
in 24 hours, 50 minutes. You know that
the Earth and Moon are within the reach
of each other’s attraftion; and therefore,
as the Earth attraéts the Moon, {o the
Moon re-attracts the Earth.

E. Yes, Sir.

N. Do you remember my telling you,
fome days ago, that the attraétion dimi-
nifhes, as the fquare of the diftance from
the attrating body increafes?

E. I remember it very well.

N. Then you know, that the Moon
muft attraét the fide 4 of the Earth which
1s neareft to her (at any time) with a great-
er degree of force than fhe attra&ts the
Farth’s center E; and that fhe attracts the
center E, with a greater degree of force
than fhe attrats the {ide C of the Earth,
which is then fartheft from her. .

| E. Certainly.
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one cord with the force of four pounds, and
I pull thé other cord the fame way with
the force of eight pounds, fo as to move
the book ; all the parts of it will moeve
cqually faft, notwithitanding the different
forces by which you and I pull it.  But the
waters are of a yielding nature; the cohe-
rence of their particles being very {mall :
and therefore, they will be differently af-
fected, according to the different degrees of
the Moon’s attraétive- force, at different
diflances from her,

And therefore, as the waters at A are
more attracted by the Moon than the Earth
is at its center X, they move fafter toward
the Moon than the Earth’s center does ; '
and confequently, with refpeft to the
Earth’s center, they rife higher toward the
Moon, as from 4 toa: and as the center It
moves fafter toward the Moon, than the
waters on its furface at ("do; the waters
at C will be, as it were, left behind : and
cunfequent]y, with refpe& to the center Z,

they will be raifed, as from C'to c.
E. Sa
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her orbit O o, but kept always in the fame
right line 4 M, the ifland 4 a« would have

two ebbings and two flpwings of the Sea
every 24 hours. S

E. It would. But I find the tides are
put down, in my almanack, later every day
than on the day before. And now, I ap-
prehend the reafon of this to be, that as
the Moon goes eaftward round her orbit
in @ month, and the Farth turns eafiward
round its axis every 24 hours; the Moon
makes part of a revolution in'the time that
the Earth makes a whole rotation : and there-
fore, the Earth muft turn as much more
than round its axis, before the fame ifland
can come even with the Moon again, as
the Moon has advanced in her orbit during
that interval of time. '

N. You are right, Eudosiu :—for, in the
time of « the ifland’s revolving from A to
A again (in the direftion 4 BCD 4)
which 1s 24 hours, the Moon moves irom

A almoft to o in her orbit: and therefore,

after the ifland has come round to 4 again,
it
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quently, itcan have no more than twice
that number of tides of flood, at # and ¢ ;
or 57 tides of flood, and as many of ebb be-
tween change and change of the Moon.

N. You are very right : and confequent-
ly, in two courfes of the Moon, from change
to change, which is 59 days, 1 hour, 28
minutes, 9 {econds, there are only 57 dou-
ble tides of flood and as many of ebb.

E. This account of the tides would be
extremely natural, and eafy to be under-
{tood, if the Earth and Moon were continu-
ally falling toward one another. But fee.
ing that the Moon’s motion in her orbit
gives her a centrifugal force, equal to the
force with which the Earth attrats her,
fhe cannot fall toward the Earth at
all. And, from what you told me, in our
fecond dialogue, about the Earth and the
Sun, I{hould think, that if the Earth it
felf did not defcribe a fmall orbit round
the common center of gravity between it
and the Moou, in the time the Moon goes

round her orbit, the Moon’s attraftion
: would
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~ would take the Earth away, as it could
have no centrifugal force to balance her
attra@lion.

N. Dear fifter, you cannot imagine how
much pleafure it gives meto talk with you
on thefe fubjelts on account of the proper
inferences and applications you make.—
The Earth and Moon do really move round
the common center of gravity ‘between
them every month : and it is that center
of gravity that defcribes the very orbit in
which the Earth’s center would move
round the Sun in a year, if the Earth had
no Moon to attend it.

E. You may thank yourfelf, Neander, for
all thofe inferences and applications; as
they only refult from your explanations,
and leading me fo gradually on, from one
fubjeét to another. But pray, how many
miles is it from the Earth’s center to the
common center of gravity between the
Earth and Moon? Undoubtedly that dif-
tance, compared with the Moon’s dif-
~tance from the Earth’s center, muft be in
- proportion to the quantity of matter in the
| Ce Moon
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Moon compared with the quantity of mat-
ter in the Earth.—If you will tell me how
much greater the quantity of matter in the
Earth is than the quantity of matter in the
Moon, I will try to compute how far the
common center of gravity between them
1s from the Earth’s center. !

N. The Earth’s quantity of matter is 40
times as great as the Moon’s. | |

- E. Very well.—And the Mcon’s mean
diftance from the Earth’s center is 240,000
~miles.—Now, I divide 240,000 by 40, and
the quotient is 6,000; which, I think, muft
be the diftance of the common center
of gravity between the Earth and  the
Moon from the Earth’s center: and that
the faid common center of gravity muft
always be in a right line between the cen-
ters of the Earth and Moon ; becaufe both
thefe bodies move round it—Am I right,
brother ? |

N. Indeed you are: and, before we talk
further about the common center of gra-
vity between the Earth and the Moon, I

will endeavour to 1lluﬁrate this affair -
ahont
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E. Yes; for they would run from the
higheft parts 2 and ¢ to the lowetft parts 4
and d, till their furface was equally diftant
from the Earth’s center E, all around.

N. Now, I tie the end 4 (Fig. 2.) of the
firing 4 H to any part, as 4,of the circular
hoop 4 B C D, and take hold of the other
end A of the firing with my hand. Ifl
whirl the hoop round my head like a {ling,
what do you thing will happen ?

E. Why ; the hoop will endeavour to
fly off, as a pebble in a {ling would do.

N. True; but do you think that all the
parts of the hoop will then have an equal
tendency to fly off ?

E. Let me confider———1I think they will
not. For as the part € will go round your
head in the fame time as the part 4, but
fafter, becaufe it is further diftant from
your hand; I imagine that the part C will
have as much more tendency to fly off than
the part 4 has, as its diftance from your
hand is greater.

N. Exactly
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N. Itisvery much fo; and now is the
proper time to explain Fig 3. .

Let 4 B C D be the Earth, M the Moon,
Oo part of the Moon’s orbit,and G the com-
mon center of gravity between the Earth
and the Moon, round which both thefe
bedies move once a month; the Moon
in the direction O o, and the Earth in the
dire@tion Eh, By, this motion all the
parts of the Earth will have a centrifugal
force, or tendency to fly off in or parallel
to the line 4 EC: and. the centrifugal
force of each part will: be direltly in
proportion to its diftance from the com-
mon center of gravity G; becaufe the
- {pace through which thefe parts move will
be refpeftively as their diftance from G;
that is, asthe femidiameters of thofe cir-
cles which they all defcribe in the fame
period of time. Thus, the centrifugal
force of the point 4 will be as the line 4
G ; the centrifugal force of the center E
. will be as the line E G ; and the centrifu-
gal force of the point C will be as the line
C G : for the point 4 defcribes the {mall

circle A ef g 4 in the time the point E
defcribes
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E..1 was fadly afraid, that the rifing
of the tides on the fide of the Earth
which:(at any time, by 1ts motion on its
axis) is turned away from the Moon,
would be very difficult to account for.
But you have made it juft as plain, that
they muft rife as high nn"the fide of the
Earth which is opposite to the an} as
they do on the fide which is under the
Moon. Did you ever fee this confirmed
by an experiment ?

N. Yes; I have seen Mr. Ferguson do
it, to the fatisfaltion of every obferver,
by a plain experiment in one of his ma-
chines, called the Iﬂur&ng Table ; and
he is the firft that ever did fo. He has
given a full account of it in his Leftures on
Mechanics, Hydrostatics, Phewmatics, Opiics,
with the use of the Globes, and the Art of
Dialing.  In that book, there are plates
~of “all his machines for the above pur-
pofes. 1 fhall fend for it from Mr.
Williams's {hop to-morrow, and make you
a prefent of it, on account of the quick
progrefs you have made in aftronomy :

S and







202 THE YOUNG GENTLEMAN AND

higher at thefe times than at any other :
and thofe are called the Spring Tides. But,
when the Moon is in her quarters, her
action on the tides 1s cross-wise to the Sun’s;
for then the Sun i1s in a line with the low
water, and his a&ion keeps the tides from,
falling {o low there, and confequently
from rifing fo high under and oppofite to
the Moon, as they would do by the aétion
of the Moon, if the Sun did not difturb
them at all; and thefe are called t/ke neap
Tides.

E. 1 underftand you very well; and do
fee plainly, that a firaight line, drawn from
the Moon’s center through the Farth’s
center, would be in the higheft part of the
~ tides on both fides of the Earth.

N. You are a little miftaken in that
point, KEudosia; which may be owing to
its being fo reprefented in the figures.
But, I am fure you would not have been
fo, if you had remembered what I told
you in our firft dialogue; namely, that
all bodies which are put into a ftate of
motion will perfevere in that motion

till
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time after fhe has paft the meridian: and
this continuance of attrattion, though
weaker, will caufe the waters to keep on
in their rifing ftate, till the attraftion juft |
balances the tendency of the waters to fall |
back again. g
E. 1thank you, brother, for fettmg me |
right. But, pray, how long is the Moon
paft the meridian, when the water is at d
the higheft ? :
N. If the Farth was covered all over
with water, fo as the two eminences of 1
the tides at« and ¢ might regularly fol- |
low the Moon; fhe would always be
three hours paft the meridian of any
given place, when the tide was at the |
higheft at that place. But as the Earth
is not all covered with water, and the dif- |
ferent capes and corners of the land run |
out 21l manner of ways into the oceans and
{eas, the regular courfé of the tides is
much interrupted thereby; and allo by 1
‘their running through fhoals and channels. |
So that, at different places, the tides are |
higheft at very different diftances of |
the Moon from the meridian. But, at |
whatever diftance the Moon is from the
meridian,
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meafured by the Stars in tkeir apparent
motion round it. _

F. Now I underfland you: and have
often obferved, that if any Star be feen
juft, as if it were, over a neighbouring
chimney, at any hour in the night; in
a week afterward, the fame Star is {fooner
feen over the fame chimney.

N. True: and 1n 365 days, the fiars
{feem to have made 366 revolutions about
the Earth; fo that they gain one hour
every 24th part of the year upon the time
thewn by a well regulated clock. And
therefore, every Star comes almoft four
minutes {fooner to the meridian, every fuc-
ceeding day or night, than it did on the
day or night before. The real differ.
ence is 3 minutes, 55 feconds, and 54 {ix-
tieth parts of a fecond. So that, if one
clock fhould be fo well regulated as to thew
the time to be XII at noon this day, and
on the 365th'day afterward, and another
clock fhould be fo regulated as to fhew
the time to be XII every day or night
when any given Star is on the meridian;

the latter .clock would gain § minutes
55 feconds
!') :
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§5 feconds, and 54 fixtieth parts of a fecond
upon the former, in each revolution of the
{fame Star to the meridian.

E. What is the reafon of this 2 :

N. Much the {fame as that of the Moon’s
going round her orbit in lefs time than
fhe goes round from change to change,
or from between the Earth and the Sun
to the fame polition again: as I explained
to you, by Fig. 1. of PLATE V, laft Mon-
day morning, in our Seventh Dialogue:
And we may make the fame figure do for
the prefent fubjett. You remember I told
you that the whole diameter of the Earth’s
orbit is but as a point, in comparifon to the
diftance of the Stars; which is the fame
as to fay, that a globe of 190 millions of
miles in diameter, which would fill the
Earth’s orbit, would appear no bigger than
a dimenfionlefs point, if it were {een from
any of the Stars: and the prefent fubje&
will prove this to be true.

E. T am far from doubting the truth

el X of
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of your word; but I fhould be very glad
to fee the demonfiration.

N .Then here it is. Let the Earth
be in what part of its orbit it will, we
always find the interval of time (by the
beft clocks that are made) between any
Star’s revolving from the meridian to
the meridian again, to be equal through-
out the whole year: which it could not
be, if the Earth’s changing its place by
a whole diameter of its orbit, bore any
fenfible proportion to the diftance of the
Stars. For then, if the hour and minute-
hands of a clock fhould revolve exaétly
366 times from XII to XII again (there
being fuppofed to be 24 hours on the
dial-plate) in the time of the Star’s
making 366 revolutions from the me-
ridian to the meridian again; and the
hands be fet to the uppermoft XIi, when
any given Star is to the meridian on the
21{t of December; then on the 20th of
March afterward, when the hands were
at the fame XII as before, the {fame Star
would be a little on the Faft fide of

the
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onward, to five or fix miles beyond the Sun
8, as feen from 4 ; and let a Star be placed
at the farthermoft end of that line—Then,
the diftance of the Star from the Sun will
be {o great, that the Earth’s orbit 4 B C,
- &c. will bear no fenfible proportion there-
to, if it were viewed from the Star; and
therefore, to an obferver on the Earth at /,
the Star will appear as even with the lined/,
when the Earth has got a guarter round
its orbit from ¢ tod and the meridian
d h parallel to the pofition it had at a 4,
as when the Earth was at zin its orbit:
So that, let the Earth be in what part
of its orbit it will, the Star will always
be upon the meridian of the place. 4, when
that meridian has revolved to the fame pa-
rallel pofition again; which it will always
do in the time of the Farth’s turning abso-
lutely round its axis,

E. Undoubtedly it will.

N, Now, {uppofe the Earth to ad.
vance in its orbit from ¢ to 4, in the
t1ime that it turns once round 1ts axis:
and then, the same mendian 4 b will be

para]lel
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parallel to the pofition it had at a &, when
the Sun and Star were both even with 1it;
or, as we {ay, upon 1it.

Then it is plain, that when the Earth
is at 6, and the meridian b % has revolved
from the Star to the Star again, it muft re-
volve further on, from 4 to m, before it can
oo round from the Sun to the Sun again at
S. And the arc, or part & m, of the Earth’s
circumference bears the fame proportion to
the Earth’s whole circumference, that the
arc, or part a &, of the circumference of the
“Earth’s orbit bears to s whole circum.
ference,

When the Farth is at ¢ in its orbit, and
the {fame meridian ¢ . comes even with the
Star the fecond time, the meridian muft re-
volve from 4 ton before it can be even
with the Sun again, or the Sun be upon it
the fecond time. -

When the Earth is at 4, a quarter
" round its orbit from 4, and the meridian
d i 1s even with the tar; the :neridian
will want fix hours of being even with
the Sun in'the right lined o S, and the

place
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place 2 mufi revolve 6 hours, or through
the arc / o of 90 degrees, before the Sun can
be on its meridian d 4.

And confequently, when the Earth has
gone half round  its orbit, the fame meri-
dian will be even with the Star 12 hours be-
fore it revolves to the Sun; and when the
Earth has gone three quarters round its or-
bit, the meridian will be even with the
Star 18 hours before it comes to be even
with the Sun.

And laftly, when the Earth has gone
quite round its orbit, its rotation on its axis
will have brought the fame meridian once
more round from the Star to the Star again,
than from the Sun to the Sun again.—So
that, let that year contain how many days
it will, as meafured by the apparent revo-
lutions of the Sun from the meridian to the
meridian again, it will contain one day
more, as meafured by the apparent revola-
tions of the Stars.

E. By this 1 find, that one abfolute
turn of the Earth round its axis is loft
in a year with refpeét to the number of
folar days in the year, becaufe the Earth’s

motion on its axis is the fame way asits
motion
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DIALOGUE X.

On the Puosection of SOLAR ECLIPSES: to which Axswrrs
to some AstnonomicaL QUEesyions are subjoined.

Neander.

WELL, fafter ; you kept quite
alone, all the time yefterday after you
left me: and as you did not return this
motning before breakfaft, asufual, I{ent
to enquire about your health, and the maid
told me that you were very well; but fo
much engaged with your book and pen,
that fhe was almoft afraid to {peak, for fear
of difturbing you; as you took no notice

of her when fhe came into your room.
Eudosia.
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which are exemplified in the precepts ;
and finding my calculations to agree very
nearly with Ferguson’s examples, I tried to
calculate the true time of new Moon in
July 1748, old ftile, as you defired me ;
of which Mr. Ferguson has given no ex.
ample.—And finding that the Sun muft
have been eclipfed at the time of ket new
Moon, 1 even attempted to take out the
elements for projeQing that eclipfe.

N. Then, indeed, you muft have done
a great deal of work for the time you have
been about it.—Pray, fhew.me your calcu-
lations.

E. L am almoft afraid to do it:—but,
here they are.

: day h. m. s.

1. The apparent time of new Moon at Greenwich, July 1411 15 3
in the Forenoon.

2., The femi-diameter of the Earth’s difc at that time, as feen ® 1 11

from the Moon. 0 53 32

3. The angle of the Moon’s vifible path with the ecliptic 535 ¢
4. The Moon's latitude, North defcending - - 092% 6
5. The Moon's horary mation from the Sun - e 027 17

6. The Sun’s diltance from the nearveft {olitice - - 32 42 40.
7. The Sun's declination, North - - 19 35 21
8. The Sun’s diftance at noon from the vertex of London 31 54 34
0. The Sun's femidiameter - - « 015 50
10. The Moon"s femidiameter - - 0 14 53
11. The femidiameter of the Penumbra > - 0 30 43

N." Well done, Eudosiz.——I calculated
3 the
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you would fee London as moving over
the Earth in the circle which is drawn
through 1it, parallel to the Equator. And,
when the Moon is new, and eclipfeth
- the Sun from any part of the Earth, you
would fee her between you and the Earth,
as pa*{ﬁng over it from left to right hand,
the fame way as 1t turns on its axis:
and you would fee a great part of the
Moon’s penumbra or partial fhadow, all
around her (as it were) like a dark brown-
ith ring travelling with her over the
Farth.

As the Sun fhines round the North pole
of the Earth from the 20th of March to
the 23d of September, you would fee that
pole all the while in the enlightened part
of the Earth’s difc (or flat round {urface,
as it would appear to you; like as the Sun
and Moon do to us): and from the 22d
of September to the 20th of March, the
{fame pole would be hid from your eye-
fight, behind the vifible and illuminated
difc of the Earth; becaufe it is in the dark

all that time.
If
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Earth’s illuminated difc or furface, be-
cawje we live on the North fide of the
Equator : and continue the line y 4 C on
to B; {o 4 B C fhall be a portion of the
Ecliptic equal to the diameter of the Earth,
as {een from the Sun or Moon at that
time. -

From the center C raife the line C D I,
perpendicular to 4 C B; and call the line
C D H the axis of the ecliptic.

Divide the quadrants 4 D andD B each
into 90 equal parts for degrees, beginning
at D. Then conne¢t the points £ and G
(which are 23% degrees on each fide of D)
with the ftraight line £ F' G; in which
line, the North pole P of the Earth’s difc
will always be found.

Set one foot of the compafles in the
point F, where the line £ F' G interfects
the axis of the Ecliptic C D H ; and hav-
ing extended the other foot from F' to E,
or from F to G, defcribe the femicirele
E H G, and divide its quadrant /7 E mto
90 equal parts for degrees, becaufe the
Earth’s axis lies to the left hand from the
axis of the Kcliptic, as feen from the
Sun in the month of July.—If the Earth’s

| | axis
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time of Sun-rife till the time of Sun-fet
at London, proceed as follows :

The compailes being opened from K
to V!, {et one foot in K, and with the other
foot defcribe the femicircle VI 7 8 9 10 11
12123 45 VI, and divide it into twelve
equal parts. Then, from the divilion-points
(7 89, &c.) draw the right lines 72 84 9¢
10d, &c. all parallel to the Earth’s axis
C P, as in the figure.

Set one foot of the compaffes in K,
and with the other foot defcribe the fe-

‘micircle PL XII, and divide its quadrant
XII L into fix equal parts, as at the points
1, 2, 3, 4, 5, 6,; becaufe the Sun is on
the North fide of the Equator. If he
had been on the South fide of it, the
quadrant P L (and not the quadrant XII
L) muft have been fo divided.

Through the faid divifion-points of the
quadrant XII L, draw the right lines
XI11 X2II, 1X 3 HI VI, 4 1V, and
VII 5 V, all parallel to the right line
VI K VI; and, through the points

where thefe lines meet the former pa-
rallel .
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rallel lines 74, 85, 9¢, 10d, &c. draw
‘the elliptical curve VI VII VIII IX X XI
XII I IT IIT IV 'V VI; which may be
done by hand, from point to point; and
fet the hour.letters to' thofe points where
the right lines meet in the curve, as in
the figure. ‘The curve fhall reprefent
the parallel of Iatitude of ILondon, or,
the path which London (by the Earth’s
motion on 1ts axis) appears to defcribe
on the earth’s difc, as feen from the Sun
on the I14th of July, from VI in the
morning till VIat night: and the points
VI, VIi, VIII, IX, &c. in the curve fhall
be the points of the difc where London
would be at each of thefe hours refpec-
tively, as {feen from the Sun. If the
Sun’s declination had been as far South
as it was North, the dotted curve VI P i
VI would have been the path of Lon-
don; which muft have been found by
dividing the quadrant P Z, into fix equal
parts, and drawing lines parallel to VI
K VI between that line and the pole P,
and continuing the lines 44, 84, 9¢, &c. till
they met the forefaid parallel lines drawn
. through

»
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through the divifion-points of the qua-
drant 2 I.—The points p and G, where
the elliptical curve touches the circumfe-
rence of the difc, denote the inftants of
the Sun’s rifing and fetting at London:
for, when London is atp, it will be juft
entering into the enlightened part of
the Earth ; and going into the dark, wheh
it 15 at G: ' ]
- From the point A, viz. § degrees, 33
minutes to the right hand of the axis
of the Ecliptic C D, draw the right line
M C for the axis of the Moon’s orbit, "as
feen from the Sun, becaufe the Moon’s
Latitude is North descending, on the 14th
of July 1748.—If her Latitude had been
North ascending, the axis of her orbit
“muft have been drawn 5§ degrees 35 mi-
nutes on the left hand fide of the axis of
the Ecliptic. |
Take the Moon’s Latitude, 28 6,
from € to s, with your compafles, in the
{cale 4 C, and fet that extent from C to
7 on the axis (C D) of the Ecliptic.—Then, 4
through the point g, draw the right
line N ¢ 0 ¢, perpendicular to the axis of '
the
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cuts the line or path of the pcnumbra’s
center on the Earth.

Take the whole length of the line 4 B
(If};;gr. 2.) m your compafles; and, with
that extent, make marks along the line
N O (Fig. 1.) both ways from XI; and
{et the hour.letters to thefe marks, as in
the figure. Then, divide each fpace
from mark to mark into fixty equal parts
or horary mimates, which fhall fhew the
points of the Earth’s difc where the cen.
ter of the penumbra falls, at every hour
and minute, during its tranfit over the
Earth.

Apply one fide of a fquare to the line
of the penumbra’s path N O, and move
the {quare forward or backward till the
other {ide cuts the fame hour and minute,
- as at s and », both in the path of the penum-
bra’s center and the pathof London: and
the minute, which the iquare cuts at the
fame infiant in both thefe paths, is the
imstant of the vifible conjunlion of the
Sun and Moon at London: and confe-
quently, of the greateft obfcuration of the
Sun by the Moon; which, according to

the
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penumbra’s center, direct the other foot
to the path of London among the morn- -
ing hours at the left hand; and carry
that gxtent backwards and forwards, till
both the poinuts of the compafles fall into
the fame inftant in both the paths; which
inftants will denote the time when the ec-
lipfg began at London. Then, do the
like among the afternoon hours; and where
the points of the compalles fall into the
{fame inftant in both the paths, they will
fhew at what time the eclipfe ended at
TLondon.—Thefe trials fhew that the be-
ginning of the eclipfe was juft at IX
o’clock in the morning, and its ending at
7 minutes after XII o'clock at noon, as
the compaffes reach juft from IX in the
path of London to IX in the path of
the penumbra’s center; and from %7 mi-
nutes after XII in the path of London
to 7 minutes after XII in the path of
the penumbra’s center.——Thus, we have,
at Jaft, finifhed the projection, and found
what was wanted to be known from it.

E. The
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that you have made a very extraordinary
progrefs. |

E. Ithank you, Sir, for your intend.
ed prefent and future inftruftions: and
will anfwer your queftions as well as I
can”:

N. What would be the confequence,
if the earth were fixed in any point of
its orbit, fo as to have no progreflive
motion therein; and to turn round 1its
axis with its prefent velocity, having its
axis perpendicular to the place of the
Ecliptic ?

E. The folar, or natural day would
be of the fame length with the fydereal
day; which is equal to 23 hours, 56 mi-
nutes, 4 leconds of the time now mea-
fured by a well regulated clock. The
Sun weuld conftantly appear to revolve
in the Equator, days and nights would
always be of an equal length at all
places, either near the poles or far from

* The substance of what is here put down, by way of ques-
tion and answer, was given by the author some time ago to a
gentleman who has since published it, not without the authorés

legve, at the end of a printed book.

them,
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more than £350 miles from it. The
Moon would be totaMy eclipfed in the
Earth’s fhadow at every time fhe was
full; and the durations of all her eclipfes
would be equal.

N. What would be the confequence,
if the Moon’s orbit acyuired an; elipti-
cal form, fuch as 1t is now of: that it
continued in the plane of the Ecliptic,
and the Earth had no progreflive motion,
but only turned round its axis as before ?

E. The lengths of days and nights
would be the {ame as above, and the times
between the new or full Moons would
remain the fame. The Sun would be ec-
lipfed (as above) at every change, and the
Moon at every full; and the center of
the Moon’s fhadow, when the Moon is
new, would always pafs along the Equater.
If the changes fell in that part of the .
Moon’s orbit which 1s furtheft from the
Earth, the Sun would never be totally ec-
lipfed ; but would appear like a fine lumi.

nous ring all round the dark body of the
Moon,
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which you could nut poilibly have done,
unlefs }uu had very well remembered the
{ubjeCts we have been upon, in all our
Ten Dialogues. This, I think, may be
our lait on Aftronomy; becaufe your ap-
plying to books will fuperfede all neceffity
of our having dn; more.

E. But I am extremely forry, brother,
to have heard yefterday, that you are to
fet out for Ttaly in a few days, which is
much fooner than was expeéted. T fhall
mifs you fadly ;—and as you will probably
be gone before 1 can read Ferguson's Aftro-
nomy quite through, I fhould be glad to
know whether you would have me to read
any other book upon the like fubje& after-
ward.

N. By all means- Here is Doétor
Long’s Aftronomy :—take it and keep it;
for it will afford you a great deal of en~
tertaining and plealing knowledge, efpe-
cially in the hiftorical part.—You may
fkip over thofe parts which are geome-
frical, as I fhall not now have time to
inftru& you in that branch of {cience.

'Tis- true, the volume is large; but I
will
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. round numbers, and no known hill

upon it is three miles in perpendicular
3 i

height.
ﬂff o That the earth is fpherical, or
being glo. found like a globe, appears, 1. fromits
bular.” cafting a round fhadow upon the moon,
whatever {ide be turned towards her
when fhe 1s eclipfed. 2. From its hav-
ing been failed round by (everal per-
fons. 8. From our feeing the farther,
the higher we ftand. 4. From our
feeing the maiits of a fhip, whilft the
hull ‘is hid by the convexity of the
~ water. ' .
And thae The attractive power of the earth
1w may b draws all terreftrial bodies towards itg

peopled

on all fides center; as is evident from the defcent
antenes of bodies in lines perpendicular to the
beng in earth’s {urface, at the places whereon
ger o 1
faling  they fall ; even when they are thrown
away from off from the earth on oppofite fides, and
- confequently, in oppofite direflions.:
So that the earth may be compared to

a great magnet rolled in filings of

fteel, which attralts and keeps them

equally faft to its furface on all fides.

Hence asallterreftrial bodies areattraét-

ed towards the earth’s center, they can
be in nodanger of falling from any ﬁd_?
| 0

e
- i
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manner, infinitely more difiant from us

than others. And yetall thefe celefiial

objeéts appear equally diftant from
us. Therefore, 1if we imagine a large

hollow {phere of glafs to have as many

bright ftuds fixed to its infide as there
are ftars vifible in the heaven, and
thefe ftuds to be of different magni-
tudes, and placed at the fame angular
diftances from each other as the ftars
are; the fphere will be a true repre-
fentation of the ftarry heaven, to an
eye fuppoled to be in its center and
viewing it all around. And ifa {mall
globe, with a map of the Earth upon it,
be placed on an axis in the center ofthis
ftarry {phere, and the fphere be made
to turn round on this axis, it will re-
prefent the apparent motion of the hea-
vens round the earth.

If'a great circle be {o drawn upon this

fphere, as to divide it into two equal

parts, or hemifpheres, and the plane

of the circle be perpendicular to the:

_ -.
i
e U i s i il e i el R

axis of the {phere, this circle will re-

prefent the cquinoctial,* which divides
the heaven into two equal parts,

called the northern and the southern
hemispheres; and every point of that

circle will be equally diftant from
the
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on thenorth fide of the equinoétial;
during the other half, on the fouth;
and at the end of each half, in the
equinoctial.

Theearth, . ]f we fuppofe the terreftrial globe in
this machine to be about one inch in
diameter, and the diameter of the ftar-
ry {phere tobe about five or fix feet,
a fmall infe@ on the globe would fee
only a very little portion of its {urface;
but it would fee one half of the ftarry.
iphere; the convexity of'the globe hi-

The apps- ding the other halffrom its view. Ifthe

oo aﬁﬁ:'fphere be turned weftward round the

seavens.  orlobe, and the infeét could judge of the
appearances which arife {from that mo-
tion, it would fee fome ftars rifing to its
view on the eaftern fide of the {phere,
whilft others were fetting on the weft-
ern: but, as all the ftars are fixed to
the {phere, the fame ftars would al-
ways 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 {un is not fixed to any point of the
iphere, but moves flowly along an
oblique circle in it.  And if the infect
thould look towards the fouth, and

call that point of the globe, whege
the
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to us will be exa€tly the {fame. And
becaufe the heaven is {fo immeniely
large in comparifon of the earth, we
fee one half of the heaven as well from
the earth’s furface, as we could do from
its center, if the limits of our view are
not intercepted by hills.

We may imagine as many cireles

defcribed upon the earth as we pleafe;

and we may imagine the plaune of any

circle defcribed upon the earth to he

continued, until it marks a circlein the
concave {phere of the heavens.

The horizon is either sensible or rafi-
onal. The sensible horizon is that cir-

cle, which a man, ftanding upon a

large plane, obferves to terminate his
view all round, where the heaven and
earth feem to meet. The plane of our
fenfible horizon, continued to the hea-
ven, dividesit into two hemifpheres;
one vifible to us, the other hid by the
convexity of the earth.

The plane of the rational horizon
1s fuppofed pprrallel to the plane of
the fenfible; to pafs through the cen-
ter 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
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parts, called the northern and sout/iern
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 ima-
gine 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 diflerent meridian from
that place; for no one circle can pafs
through any two fuch places and the
poles of the earth.

‘The meridian of any place is divided
by the poles into two femicircles; that
which pafles through the place is called
the geographical, or upper meridian; and
that which pailes through the oppofite
place is called the lower meridian.

When therotation of the earth brings
the plane of the geographical meridian
to the {un, 1t is noon or mid-day to that
place; and when the lower meridian
comes to the {fun, it is midnight.

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

| I
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crofles the equinoctial in two oppofite
points, making an angle of 233 degrees
with the equinoétial on each {fide. So
that one half of the ecliptic is in the
northern hemisphere, and the other in
the fouthern. It contains 360 equal
parts, called degrees (asall other circles
do, whether great or {mall) and as the
earth goes 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 whate-
ver 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 equinoétial, and the other
half on the fouth, the fun, as feen
from the earth, will be half'a year on
the fouth fide of the equinoétial, and
half a year on the north: and twice a

year in the equinoétial itfelf.
simand  Lhe ecliptic is divided by aftrono-
degrees.  mers into 12 equal parts, called signs,
each fign into 30 degrees, and each de.
gree into 60 minutes: but, in ufing the
globes, we feldom want the fun’s place
nearer than half'a degree of the truth.
The names and charaéters of the 12
figns are as follow; beginning at that
point
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When the fun is at the beginning
of Ayies, he is in the equino&tial; and
from that time he declines northward
every day, until he comes to the begin.
ning of Cancer, which is 235 degrees
from "the equinoé¢tial: from thence he
recedes fouthward every day, for half
a year; in the middle of which half]
he croffes the equinoétial at the begin-
ning of Libra, and at the end of that
half year, he is at his greateft fouth
declination, in the beginning of Capri-
corn, which is alfo 23} degrees from
the equino&@ial. Then, he returns

northward from Capricorn every day,

for half a year; in the middle of which
half, he crofles the equinottial at the
beginning of .iries, ‘and at the end of
it he arrives at Cancer.

The {un’s motion in the ecliptic 15
not perfeltly equable, for he continues

‘eight days longer in the northern half

of the ecliptic, than in the fouthern;
{o that the fummer half year in the
northern hemifphere is eight days

longer than the winter half year; and

the contrary in the fouthern hemif-

phere.
The tropicks are leffer circles in the
heaven, parrallel to the equinoctial;
one
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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 therecn
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 i1s the
caufe of the ditierent lengths of da s
and nights, and of the viciflitude of
{eafons; take the following method,
which will be both eafy and pleafant.

Anideaof * Let a {mall terreftrial globe, of about
F::,fm' three inches diameter, be fufpended by
a long thread of twifted filk, fixt to its
north pole: then, having 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
93% degrees with the plane of the table;
hang the globe within the hoop near to
it ; and, if the table be level, the equa-
tor of that globe will be parallel to the
table, and the plane of the hoop will
cut the equator at an angle of 233 de-
orees; fo that one half of the equator

will be above the hoop, and the other
half
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are then longer than their nights,
When the globe comes to a point in
the hoop. mid-way between the higheft
and lowelt points, the candle will be
dire¢tly over the eyuator, and will en-
lighten the globe juft from pole to
pole; and then, every place on the glube
wiil 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 all
places upon it.  Asthe globe advances
thenceforward, towards the higheft part
of the hoop, the candle will be on the
{fouth fide of the equator, fhining far-
ther and farther round the fouth pole,
as the globe rifes higher and higher in
the hoop; leaving the uorth pole as
much in. darkuefs as the fouth pole is
then in the light, and making long
days and fhort nights on the fouth fide
of the cquator, and the contrary on the
north fide, whilft the globe continues in
the northern or higher fide of the hoop:
and wLen it comes to the higheft point,
the days will be at the longeft. and
the nights at the fhorteft, in the
{fouthern Lem {phere; and the reverfe
in the ncr hern. As the globe ad-’
vances aud deicends in the hoop, the

light
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the fun appears to change his place
every day in the ecliptic, as the globe
advances eaftward along the hoop, and
turns round 1ts own axis: and that
when the earth is in a low fign, asat
Capricorn, the fun muft appear in a

“highifign, as at Cancer, oppolite to the
~earth’s real place: and that whilft the

The ter-

refirial
globe
{cribed.

de-

earth is in the fouthern half of the
ecliptic, the fun appears in the northern
half, and wice versa: 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 pro-
ceed to the defcription and ufe of the
terrefirial globe, and explain the geo-
oraphical terms as they occur in the
problems. Nt
This globe has the boundaries of
Jand and water laid down upon it, the
countries and kingdoms divided by
dots, and coloured to diftinguifh them,
the iflands properly fituated, the rivers
and principal towns inferted, as they
have been afcertained upon the earth

by meafurement and obfervation.
The
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parts, called the castern and western he-

mispheres ; as the equator divides it inte

two equal parts, called the northern and.
southern hemispheres.  This ring is divi-
ded 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 poles; where they end
at 90: their ufe is to fhew the latitudes
of places. The degrees on the other
half of the meridian ring are num-
bered from the poles to the equator,
where they end at 90: their ufe i1s to
{hew how to elevate either the north
or fouth pole above the horizon, accord-
ing to the latitude of any given place,
as it is north or fouth of the equator.
The brafen meridian 1s let into two
notches made in a broad flat ring, call-
ed the wooden horizon, the upper lurface
of which divides the globe into equal
parts, called the wpper and lower hemis-
pheres.  One notch is in the north point
of the horizon, and the other in the
fouth. On this horizon are {everal
concentric circles, which contain the
months and days of the year, the
figns and degrees anfwering to the
fun’s
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fun’s place for each month and day,
and the 32 points of the compals.——
The graduated fide of the brafs me-
ridian lies towards the eaft {ide of the
horizon, and fhould be generally kept
toward the perfon who works problems
by the globes.

There is a {mall korary circle, {o fixed
to the north part of the brafen meri-
dian, that the wire in the north pole
of the globe is in the center of that
circle; and on the wire is an inder,
which goes over all the 24 hours of
the circle, as the globe is turned round
its axis. Sometimes there are two ho-
rary circles, one between each pole of
the globe and the brazen meridian;
which is the contrivance of the in-
genious Mr. Foseph Harris, mafter of
the affay-office in the Tower of Lon-
don; and makes it very convenient
for putting the poles of the globe
through the horizon, and for elevating
the pole to {mall latitudes and decli=
nations 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 flip of brafs, called
the quadrant of altitude, which is divid-

d ed
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ed into 90 equal parts or degrees, an-
{wering exaétly to fo many degrees of
the equator. It is occafionally hxed to
the uppermoft point of the brafen me-
ridian by a nut and fcrew. The divifi-
ons end at the nut, and the quadrant is
turned round upon it.

As the globe has been feen by moﬂ:
people, and upon the figure of whmh,
ina plate, neither the circles nor coun-
tries can be properly exprefled, we
judge it would fignify very little to re-
fer to a figure of it; and fhall therefore
only give fome direttions 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 exactly, and continue all
the way even and whole; the circles
not breaking into feveral arches, nor
the papers either coming fhort, or lap-
ping over one another.

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

8 See that the globe hangevenly

between the brafen meridian and the
- wooden
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ginning of the degrees of the quadrant
reaches juit to the plane furface of the
horizon.

10. See that whilft the index of the
hour-circle (by the motion of the globe)
palles from one hour to another, 15 de-
grees of the equator pafsunder the gra-
duated edge of the brafen meridian.

11. 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. 2 |
In ufing the globes, keep the eaft fide
of the horizon towards you (unlefs your
problem requires the turning of 1it,)
which fide you may know by the word
Eaft upon the horizon; for then you
have the graduated {ide of the meridian
towards you, the quadrant of altitude
before you, and the globe divided ex-
actly into two equal parts, by the gra-
duated fide of the meridian,

In working fome problems, it will
be neceflary 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 {o as to fhift
away that degree of the globe which

was
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meridian, on which the degrees are
numbered from the equator; and ob.
{erve what degree of the meridian the
place then lies under; which is its lati--
tude, north or fouth, as the place  is
north or fouth of the equator. :

- The globe remaining in this pofition,’
the degree of the equator, which 1s un-
der the brafen meridian, 1s the longi-
tude of the place (from the meridian of
London on the English 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 Occan, and
America, is on the weft fide of the me-
ridian of London ; and the greatelt part
of Europe, and of Africa, together with
all Asia, is on the eaft {ide of the me-
ridian of London, which is reckoned the
first meridian of the globe by the Eng-

lish geographers and aftronomers.

PROBLEM IL

The longitude and latitude of a place being
given, to find that place on the globe.

Look for the given longitude in the
equator, counting it eaftward or weft-
ward from the firft meridian, as it is

mentioned
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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 {ubtraéted from 360,
and the remainder is the difference 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 meri-
dian, and the number of hours and parts
of an hour paft over by the index, will
give the longitudein time; which may
be eafily reduced to degrees, by allow-
ing 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 f{ide of the meridian
that is meant.

PROBLEM. IV.

Any place being giveny to find all those

places that have the seme longitude or
latitude with it.

]?;ring the given place to the brafen

meridian, then all thole places which
lie
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PROBLEM V.,

To find the* anteeci, t periceci, and
I antipodes, of any given place.

Bring the given place to the brafen
meridian,and,baving found its latitude,
keep the globe in that fituation, and

- count

* The antac 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 bave the fame
hours ; that is, when it is noon to the ene it is alfo noen to
the other; and when it is mid-night to the one, itis alfo
mid-night to the other, &c. Being on different fides of the
equator, they have different or oppofite feafons at the fame
time ; the length of any day to the one is equal to the length
of the might of that day to the other; and they have equal
elevations of the different poles. :

+ The Fp:rfarci are thofe people who live on the fame
parallel of latitude, but on oppofite meridians: fo thac

though their latitude be the fame, their longitude differs 150
degrees. By being in the fame latitude, they have equal
clevations of the fame pole (for the elevation of the pole
is always equal to the latitude of the place), the fame length
of days or nights, and the fame [eafons. But being on
oppefite meridians, when it is noon to the one, it is mid-night
to the other. :

t ‘The antipodes are thofe who live diametrically oppofite to
one another upon the globe, ftanding with feet towards feet,
on oppoite meridians and parallels. Being on oppofite
fides of the equator they have oppofite feafons, winter to
one when it is fummer to the other; being equally diftant
from the equator, they have the contrary poles equally eleva-

ted above the horizon; btinﬁ on oppofite meridians, when
it is noon to the one, it muft be midnight to the other ; and

as the fun recedes from the one when he approaches to
the other, the length of the day to one mult be equal to the
length of the night at the fame time to the ether.






36 The Terrestrial Gfohc described.

then multiply thefe degrees by 60, and
the produét will give the diftance in
geographical miles: but to find the dif-
tance in Englith miles, multiply the
degrees by 693, and the produét will
he the number of miles required. Or
take the diftance betwiztany two places
with a pair of compafles, and apply
that extent to the equator; the number
of degrees intercepted between the
poiiits of the compaffes is the diftance
in degrees of a great circle*; which
may be reduced either to geographical
miles, or to Englifth miles, as above.

Creat * Any circle that divides the globe into two equal parts is
ewcle. called a great circle, as the equator or meridian,  Any circle
that divides the globe inte two unequal parts (which every
parallel of latitude does) is called a lffir circle. Now as
Leffer every circle, whether great or {mall contains 360 degrees, and
carcle. adcgree upon theequator ormeridian cantains 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 muft therefore contain a greater
number of miles, So that although all the degrees of latirude
are equally long upon an artificial globe (though not precifely
fo upon the earth itlelf), yet the degrees of longitude decreafe
in length as the latitude increafes, but not in the {ame
proeportion. Thefollowing table thews the length of a degree
of longitude, in geographical miles, and hundredth parts ¢f a
mile, for every degree of latitude, from the equator to the
poles ; a degree on the equator being 60 geographical miles.

A Table
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the meridian directly 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 pais
over all the other places which are
equally diftant with it from the given
lace.

This is the fame as if one foot ofa
pair of compafles was fet in the given
place, and the other foot extended to
the fecond place, whofe diftance is
known ; for if the compafles be then
turned round the firft place asa center,
the moving foot will go over all thofe

laces which are at the fame diftance
with the fecond from it.

PROBLE M VIIL

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

Bring the ' given place to the bra-
fen meridian, and fet the index to the
given hour; this done, turn the globe

until the index points to the upper
XII,
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ridian; then turn the globe round its
axis, and obferve the two degrees of the
ecliptic which pafs exattly under that
degree of latitude: laftly, find on the
wooden horizon 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 la-
titude of the given place, and confe-
quently, he will then be vertical to it

~ at noon,

PROBLEM XIL

To find all those places of the north frigid -
zome, where the sun begins to shine con-
stantly without setting, on any given
day, from the 21st of March to the
23d f):f September.

On thefe two days, the fun is in the
equino&tial, and enlightens the globe
exaltly ‘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 fo make equal
day and night to all places of the earht.
But as the fun declines from the

equator towards either pole, he will
fhine
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fhine juft as many degrees rouad that
pole, as are equal to his declination
from the equator; fo that no place
within 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 21{t of March
to the 23d of September, he muft con-
ffantly 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; f{o that
no place within the north polar circle
goes through any part of the dark on
that day. Therefore, |
Having brought the fun’s place for
the given day to the brafen meridian,
and found his declination (by Prob.
IX.), count as many degrees 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, obferve
what places in the north frigid zone pais
diretly under that mark; for they are
the places required.
The like may be done for the fouth
frigid zone, from f!.'h& 23d of September
2 to

45
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to the 21ft of March, during which
time the fun fhines conftantly on the
fouth pole.

PROBLEM XIV.

To find the place over twhich the sun is
vertical, at any howr of a given day.

- Having found the fun’s declination
for the given day (by Prob. 1X.), mark
it with chalk on the brafen meridian :
then bring the place where you are
(fuppofe London) to the brafen meri-
dian, and fet the index to the given
hour ; which done, turn the globe on
its axis, until the index points to XII
at noon, and the place on the globe,
which is then direétly under the point
of the fun’s declination marked upon
the meridian, has the fun that mo-
ment in the zenith, or direftly over
head.

PROBLEM
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be in the fouthern hemisphere, elevate
the {fouth pole accordingly, and bring
the faid place to the brafen meridian,
Then, 21l thofe places which are in the
weftern {femicircle of the horizon have
the fun rifing to them at that time;
and thofe 1n 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
femicircle it is mid.night. All thofe
places which are above the horizon
are enlightened by the fun, and have
the {un jut as many degrees above
them, as they themfelves are above
the horizon; and this height may be
known, by fixing the quadrant of
altitude on the brazen meridian over
the place to which the fun is vertical;
and then, laying 1t over any other
place, obferve what number of degrees
on the quadrant are intercepted be-
tween the faid place and the horizon.
In all thofe places that are 18 degrees
below the weltern femicircle of the
horizon, the morning twilight is jult
beginning; in all thofe places that
are 13 degrees below the eaftern fe-
micircle of the horizon, the evening
twilight is ending; and all thofe plaﬁes

that
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to the antipodes of that place; fo that
the fun will be then vifible to one half
of the earth, and the moon to the other.

Find the place to which the fun is
vertical at the given hour (by Prob.
X1V.), elevate the pole to the latitude
of that place, and bring the place to
the upper part of the brafen meridian,
as in the former problem: then, as the
fun will be vifible to all thofe parts of
the globe which are above the hori-
zon, the moon will be vilible to all
thofe parts of the globe which are be-
low it, at the time of her greateft ob-
fcuration.

But with regard to an eclipfe of the
fun, there is no fuch thing as thewing
to what places it will be vifible, with
any degree of certainty, by a common
globe; becaufe the moon’s {hadow ce-
vers but a fmall portion of the earth’s
furface ; and her latitude, or declination
from the ecliptic, throws her fhadow {fo
varioufly upon the earth, that, to deter-
mine the places on which it falls, re-
courfe muft be had to long calculations.

PROBLEM
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and fet the hour-index to XII at noon,
which is the uppermoft XII on the hour-
circle; and the globe will be reétified.
The latitude of any place is equal
to the elevation of the neareft pole of
the heaven above the horizon of that
place; and the poles of the heaven are
direétly over the poles of the earth,
each 90 degrees from the equino&lial

line. Let us be upon what place of the

earth we will, if the limits of our view
be not intercepted by hills, we fhall
fee one half of the heaven, or 90 de-
grees every way round, from that

1 int which is over our heads. There.

ore, if we were upon the equator,
the poles of the heavén would lie in
our horizon, or limit of our view: if
we go from the equator, towards either
pele of the earth, we fhall fee the cor-
refponding pole of the heaven rifing
gradually above our horizon, jult 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 direétly
over our head. Confequently, the
elevation or height of the pole in de-
grees above the horizon, is equal to the
number of degrees that the place is

from the equator.
PROBLEM
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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 conti-
nues the whole night; and for [everal
nights together in furnmer, between 49
and 66% degrees of latitude: and the
nearer to 66% the greater is the number
of thefe nights. But when it daes be-
gin and end, the following method will
{hew the time for any given day.

Re&ify the globe, and bring the fun’s
place in the ecliptic to the eaftern
{ide of the horizon; then mark that
point of the ecliptic with chalk which
1s in the weftern fide of the horizon, it
being the point oppofite to the fun’s
place: this done, lay the quadrant of
altitude over the faid point, and turn
the globe eaftward, keeping the qua-
drant at tkne chalk-mark, until it be
juft 18 degrees high on the quadrant;
and the index will point out the time

when
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fen 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 begins to fhine conftantly on
the given place, without fetting. This
done, turn the globe until fome point
of the ecliptic, between Cancer and
Libra, coincides with the north point
of the horizon, where the brafen meri.
dian cuts it ; and find, on the wooden
horizon, on what day the fun is in
that point of the ecliptic; which is
the day that the fun leaves off con-
Gantly thining on the faid place, and
rifes and fets to it as to other plages
on the globe. The number of natural
days, or complete revolutions of the {un
about the earth, between the two days
above found, is the time that the fun
keeps conftantly above the horizon
without fetting : for all that portion of
the ecliptic, which lies between -the
two points which interfet the horizon
in the very north, never fets below it:
and there is juft as much of the oppofite

~of the  ecliptic that never rifes;
therefore, the fun will keep as long
conftantly below the horizon in winter,
as above it in fummer. ),
Whoever
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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 XXIIL

The latitude of a place, not exceeding 66%
degrees, and the day of the month being
given ; 1o find the sun’s amplitude, or
point of the compass en which he rises
or sets.

Re&tify the globe, and bring the

fun’s place to the eafiern fide of the

horizon; then obferve what point of
the compafs on the hoerizon ftands
right againft the {un’s place, for that
is his amplitude at rifing. This dene,
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 amplitude 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
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the cgmpa{fes, if they agree, the compafs
has no'variation in that place: butif
they differ, the compafs does vary ; and
the variation is equal to this difference.

PROBLEM XXIV.

The latitude, hour of the day, and the
sun's place, being given; to find the
sun’s altitude and azimuth. =

Reflify 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 ho-
rizon cut by the quadrant is the fun’s
azimuth, reckoned from the fouth.

PROBLEM XXV,

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

Re&tify the globe for the latitude and
* zenith,
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between the beginning of Aries and be-
ginning of Cancer is to be ufed : from
the 21t of June to the 23d of Septem-
ber, between the beginning of Cancer
and beginning of Libra: from the 23d
of September to the 21t of December,
between the beginning of Libra and the
beginning of Cupricorn ; and from the
211t 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 quar-
ter of the year he takes the {un’s alti-
tude and azimuth, the above caution
with regard to the quarters of the eclip-
tic, will keep him right as to the month
and day thereof.

PROBLEM XXVI

To find the length of the longest day at any

given place.

If the place be on the north fide of
the equator (find its latitude by Prob.
I. and elevate the north to that latitude);
then, bring the beginning of Cancer &
to the brafen meridian, and {et the hour-
index to XII at noon. But if the given
place be on the fouth fide of the equator,

elevate the fouth pﬂle to its latltudE,
an
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is 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 our-index to XII at noon, and
turn the globe weftward, until the index
points at half the number of hours giv-
en ; which done, keep the globe from
turning on its axis, and flide the meri-
diandown in the notches, until the afore-
faid 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 cxceeding 66%
degrees, being given; teo find in what *
climate the place is.

Find the length of the longeft day
at the given place by Prob. XXVI,

and

* A Climate, from the equator to either of the polar circles,
1$ a tratt of the earth’s furface, included betwuen 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 a whole month
ftrom the one next to it. There are twgnty-four climates
between the equator and each of the polar circles; and fix
from each pelar cirdle te its refpective pole.
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PROBLEM XXX.

A pleasant way of shewing all those places
of the earth iwhich are enlightened by
the sun, and also the time of the day when
the sun shines.

Take the terrefirial ball out of the
wooden herizon, and alfo out of the
brafen meridian; then fet it upon a
pedeftal in fun-fhine, in fuch a man-
ner, that its north pole may point di-
reétly towards the north pole of the
heaven, and the meridian of the place
where you are be direltly towards the
fouth. Then, the fun will fhine upon
all the like places of the gobe, 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 divid-
ed from the half in the fhade, by the
houndary 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 {lip of paper be put

vound the equator, and divided into
24 equal
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gitude begins. Confequently, that par-
ticular place of the earth where the
firft meridian interfe€ts 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 diftinguifhed in the horizon;
but from the north pole, every place is
fouth, and from the fouth pole, every
place is north. Therefore, as the fun is
conftantly above the horizon of each
pole for half a year in its turn, he cannot
be {aid to depart from the meridian of
either pole for half a year together.
Confequently, at the north pole it may be
{aid to be noon every moment for half
a year; and let the winds blow from
'what part they will, they muft always

jow from the fouth; and at the fouth
pole, from the no-th,

4. Becaufe one 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 rife and
fet to the poles. But, becaufe the ftars
never change their declinations from the
equator (at leaft not {enfibly in one age)
tho/e which are once above the horizon

of
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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 middle of Leo; if the
quadrant of altitude be fet about * 18
degrees north of the eaft in the horizon,
the {un’s place be marked with a chalk
upon the ecliptic, and the globe be then
turaed weftward on its axis, the faid
mark will rife in the horizon a little to
the north of the quadrant, and thence
afcending, it will crofs the quadrant
towards the fouth ; but béfore it arrives
at the meridian, it will crofs the qua-
drant again, and pafs over the meridian
northward of Barbadoes. And if the
quadrant be fet about 18 degrees north
of the weft, the fun’s place will crofs it
twice, as it deicends from the meridian
towards the horizon, in the atternoon.

8. In all places of the earth between
the equator and the poles, the days and
nights are equally long, viz. 12 hours
each, when the fun is in the equinoétial ;
for in all elevations of the pole, fhort
of 90 degrees (which is the greateft) one

half of the equator or equino¢tial willbe
abeve

* T'rom the middls of Gemini to thé midd)e of Cancer, the
quadrant may be fcr 20 degses.,
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equall y long above or below the horizon.

12. The {un is vertical twice a year
to every place between the tropics; to
thofe 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 e-
cliptic, whofe declination from the equa-
tor 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 {un
never goes without the tropics, he can
never be vertical to afiy place that lies
without them.

13. Toall places in the * torrid zone,
the duration of the twilight is leaft, be-
caufe the fun’s daily motion is the moft
perpendicular to the horizon; 1in the
frigid T zones, greateft; becaufe the{un’s
daily motion 1s nearly parallel to the
horizon; and therefore he is the longer
in getting 18 degreesbelow it (till which
tinie the twilight always continues.) And

: n

® Between the tropics.
+ Between the polar circles and poles.
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daily motion is 1o much above the hori-
zon, and {o little below it, as the north-
ern trepic; and none o little above it,
and fo much below it as the fouthern.
In the fouithernhemifphere the contrary.

16. In all places between the polar
circles and poles, the fun appears for
fome number of days (or rather diurnal
revolutions) without {etting ; and at the
oppofite time of the year without rifing;
becaufe fome part of the ecliptic never
{ets in the former cafe, 2nd as much of
the oppofite part never rifes inthe latter.
And the nearer unto, or the more remote
from the pole, thefe places are, the
iouger or fhorter is the fun’s continual
prelence or abfence,

17. If a thip fets out from any port,
and fails round the earth eaftward to
the fame port again, let her take what
time fhe will to do it in. the people in
thiat Thip, in reckoning their time, will
gaiu one complete day at their return,
or count one day more than thofe who
refide at the fame port; becaufe, by
going contrary to the fun’s diurnal mo-
tion, and being forwarder every evening

than they were in the morning, their
horizon












w6 Lhe Use of the Celestial globe.

above the fouth point of the wooden
horizon, and fet the hour index to the
uppermoft 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
e oW does on that of the terreftrial.
a0 Yungi The btitude and longitude of the
Eﬁor the ftars, or of all other celeftial pheno-
mena, are reckoned in a very different
manner from the latitude and longitude
of places on the earth: for terrefirial
latitudes arereckoned from the equator,
and longitudes from the meridian of
fome remarkable place, as of London
by the Englifh, and of Paris by the
French; though moft of the French
maps begin their longitude at the me-
ridian of the ifland Fervo. But the
afironomers of all nations agree in
reckoning the latitudes of the moon,
ftars, planets, and comets, from the
ecliptic; and their longitudes from the
* equinoctial colure, in that femicircle

of

* The great arcle that pafles through the egui-
nectial paims at the beginning of ¥, and &, and
through the poles of the world (which are two
oppofite points, each 90 degrees from the equi-
noctial) is called the equineciial colure : and the great
circle that pafles through the leginning of S8 and v

and

Golures,
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glohe have the {fame longitude, {o all
thofe points of the heaven, through
which any one of the above {femicircles
are drawn, have the fame longitude.—
And as the greateft latitudes on the
earth are at the north and fouth poles
of the earth, {o the greateft latitudes in
the heaven are at the north and fouth
poles of the ecliptic.

In order .to diftinguith the fiars,
with regard to their f{ituations and
pofations in the heaven, the antients
divided the whole vifible firmament
of {tars into particular {yftems, which
they ealled constellations; and digefted
them into the forms of {fuch animals as
are delineated upon the celeftial globe.
And thofe ftars which lie between the
figures of thofe imaginary animals,
and could not be brought within the
compafs of any of them, were called
unformed stars.

Becaufe the moon and all the planets
were obferved to move in circles or
orbits which crofs the ecliptic (or line
of the fun’s path) at fmall angles, and
to be on the north fide of the ecliptic
for one half of their courfe round the
heaven of ftars, and on the fouth fide
of it for the other half, but never to

20
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The ftars appear of different mag-
nitudes to the eye; probably becaufe
they are at different diftances from us.
Thofe which appear brighteft and lar-
gelt are called stars of the first magni-
tude; the next to them in fize and luf~
tre, are called stars of the second magni-
tude; and {o on to the sirth, which are
the fmalleft that can be difcerned by
the bare eye. _

Some of the moft remarkable ftars
have names given them, as Castor and
Pol»- v the heads of the Twins, Sirius
in the mouth of the Great Dog, Procyon
in the fide of the Little Dog, Rigel in
the Teft foot of Ovion, Arcturus near
the right thigh of Bootes, &c. _

Thefe things being premifed, which
I think are all that the young 7720 need
be acquainted with bsfore he begins
to work any problem by this globe, we
fhall now proceed to the moft ufeful of
thofe problems, omitting feveral which
are of little or no confequence.

PROBLEM
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other end of the thread in your hand,
and carry it {flowly round betwixt your
eye and the ftarry heaven, until you
find it cuts any two known {tars at
once. Then, gueffing at the hour of
the' night, turn the globe until the
index points to that time in the hour.
circle; which done, lay the graduated
edge of the quadrant over any one of
thefe two ftars on the globe, which the
thread cut in the heaven. If the faid

-edge of the quadrant cuts the other

ftar alfo, you have guefled the time
exaltly; but if it does not, turn the
globe flowly backwards or forwards,
until the quadrant (kept upon either
ftar) cuts them both through their
centers; and then, the index will point
out the exaft time of the night: the
degree of the horizon, cut by the qua-
drant, will be the true azimuth of
both thefe ftars from the {outh;
and the ftars themfielves will cut their
true altitude ‘in the quadrant. At
which moment, if a common azimuth
compafs be fet upon a floor or level
pavement, that thefe ftars in the
heaven may have the fame bearing
upon it (allowing for the variation

of the needle) as the quadrant of
altitude
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faid mark comes to the eaftern fide of
the horizon, to the brafen meridian,

and to the weftern {ide of the horizon,

the index will thew at what time the

planet rifes, comes to the meridian, and

{ets, in the fame manner as it would do
for ¢ fixed fiar.

PROBLEM X.

To explain the phenomena of the harvgst
' © moon.

In order to do this, we muft premife
the following things. 1. That as
the {un goes only once a year round the
ecliptic, he'can be but once a year in
any particular point of it: and that
his motion 1s almost a degree every 24
hours at a mean rate. 2. That as the
moon goes rgund the ecliptic once in
27 days and 8 hours, fhe advances 134
degrees in it, every day at a mean rate.
3. That as the fun goes through part
of the ecliptic in the time the moon
goes round i1t, the moon cannot at any
time be either in conjunétion with the
{un, or oppofite to him,: in that part
of the ecliptic where fhe was {o the
laft time before; but muft travel as

‘ much
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about any of the reft. 9, That the
moon can never be full in Pisces and
Arics but in our autumnal months, for
at no other time of the year is the {un
in the oppofite figns of Virgo and Litra.

Thefe things premifed, take 13 de-
grees of the ecliptic in your compalies,
and, beginning at Pisces, carry that ex-
tent all round the ecliptic, marking the
places with a chalk where the points of
the compalies fucceflively fall. So you
will have the moon’s daily metion
marked out for ene complete revolution
in the ecliptic (according to § 2 of the
laft paragraph.)

Recétify the globe for any confiderable
northern latitude, (as fuppofe that of
London) and then, turning the globe
round its axis, obferve hew much of
the hour-circle the index has gone
over at the rifing of each particular
mark on the ecliptic; and you will
find that feven of the marks (which
take in as much of the ecliptic as the
moon goes through in a week) will
all rife fucceflively about Pisces and
Aries, in the time that the index goes
over two hours. Therefore, whilft the
moon is in Pisces and Aries, The will

not differ in general above two hours in
: her
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In the winter months, the moon is
in Pisees and Aries about her firft quat-
ter; and as thefe figns rife about noon
in winter, the moon’s rifing in them
pafles unobferved. Inthe {pring months,
the moon changes in thefe {igns, and
confequently rifes at the fame time with
the fun; fo that it is impoflible to fee
her at that time. In the fummer months
fhe is in thefe figns about her third
quarter, and rifes not until mid-night,
when her rifing is but very little taken

‘notice of; efpecially as fhe is on the

decreafe. But in the harveft months
fhe is at the full when in thefe figns,
and, being oppefite to the fun, fhe rifes
when the fun fets (or foon after) and

{hines all the night.

In fouthern latitudes, Virgo and Li-
bra vife at as {mall angles with the ho-
rizony as Pisces and Aries do in the nor-
thern; and as our {pring is at the time
of their harveft. it is plain their harveft
full moons muft be in Firge and Libra;
and will therefore rife with as little
difference of time as ours doin Pisces
and Aries. : ,

For a fuller account of this matter, 1
muft refer the reader to my Altronomy,

in which it is defcribed at large.
| PROBLEM
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caufe equal portions of the ecliptic pafs
over the meridian in unequal parts of
time, on account of its obliquity.
And this difference is the fame in all
latitudes.

To fhew this by a globe, make
chalk-marks all round the equator and
eclipti¢, at equal diftances from one
another ({uppofe 10 degrees) beginning
at Aries or at Libra, where thefe two
circles interfeét each other. Then
turn the globe round its axis, and you
will {fee that all the marks in the firft
quadrant of the ecliptic, or from the
beginning of Arues to the beginning of
Cuncer, come fooner to the brafen me-
ridian than their correfponding marks
do on the cquator: thofe in the
fecond quadrant, or from the begin-
ning of Cancer to the beginning of
Libra, come later: thofe in the third
quadrant, from Lira to Capricorn,
fooner: and thofe in the fourth, from
Capricorn to Arics, later. But thofe
at the beginning of each quadrant
come to the meridian at the fame time
with their correfponding marks on the
efjuator.

Therefore, whilft the funis in the

frft and third quadrants of the eclip-
11C,
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Of the Armillary Sphere.

The exterior parts of this machine
are a compages of brafs rings, which
reprefent the principal circles of the
heaven, viz. 1. The equinotial A A,
which is divided into 360 degrees (be-
ginning at its interfe€tion with the
ecliptic in .Aries) for {hewing the
fun’s’ right afcenfion in degrees; and
alfo in 24 hours, for fhewing his
right afcenfion in time. 2. The eclip-
tic B B, which is divided into 12
figns, and each fign into 30 degrees,
and alfo into the months and days of
the year; in fuch a manner, that the
degree or point of the ecliptic in
which the funis, on any given day,
ftands over' that day in the circle of
months. 3. The tropic of Cancer CC,
touching the ecliptic at the beginning
of Cancer in e, and the tropic of Capri-
corn. D D, touching the ecliptic at the
beginning of Capricornin f; each 283
degrees from the equinottial circle. 4.
The artiét circle E, and the antarctic
circle F, each €34 degrees from its
refpeétive pole at'N' and S. “5. The
equinoétial colure G G, paffing through
the north and fouth polesof the hea-
ven at N and 8, and through the
eq_uinﬁ&ial Imfnts Aries and."Iibg'ﬂr"'}il“

' © 1he
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Within thefe circular rings is a {mall
terreftrial globe /, fixed on an axis K
K, which extends from the north and
fouth poles of the globe at nand s, te
thofe of the celeftial {fphere at N and
S. On this axis is fixed the flat celeftial
meridian L L, which may be fet di-
reétly over the meridian of any place
on the globe, and then turned round
with the globe, fo as to keep over
the same meridian upon it: This flat
meridian is graduated the {ame way as
the brafs meridian of a common globe,
and its ufe is much the fame. To this
globe is fitted the moveable horizon
M M, {o as to turn upon two firong
wires proceeding from its eaft and weft
points to the globe, and entering the
globe at oppofite points of its equator,
which is a moveable brafs ring let into
the globe in'a groove all around its
equator. The globe may be turned by
hand within this ring, fo as to place
any given meridian wupon it, direétly
under the celeftial meridian L L. The
horizon is divided into 360 degrees
all round its outermoft edge, within
which are the points of the compafs,
for fhewing the amplitude of the fun

and moon, both in degrees and points.
The
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carrying the fun ¥, and moon Z,
round the fame way, and caufing them
to rife above and fet below the horizon.
But when the winch is put upon the
axis U, and turned forward, the {phere
with the fun and moon kept: at reft;
and the earth, with its horizon and
meridian, turn round from weft, by
fouth, toeaft; and bring the fame points
of the horizon to the fun ‘and moon,
to which thefe bodies came when the
earth kept at reft, and they were car-
ried round it; fhewing that they rife
and fet in the {fame points of the ho-
rizon, and at the fame times in the
hour.circles, whether the motion be in
the earth or in the heaven. If the °
earthly globe be turned, the hour-index
goes round its hour-circle ; but if the
{phere be turned, the hour-circle goes
round below the index. |

And {o, by this confiruétion, the ma-
chine is equally fitted to fhew either
the real motion of the earth, or the ap-
parent motion of the heaven. ;

To re&ify the {phere for ufe, firft
flacken the {crew 7 in the upright {tem
R, and taking hold of the arm 2, move
it up or down until the given degree of

latitude for any place be at the ﬁd?
L
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A double Cone that seemingly rolls up—hﬂl of
itself, whilst it is actnally des{,cndmg

A machine made in the figure of a man, that
tumbles backward by continually oversetting the
center of gravity.

Models of wheel-carriages; some with broad
wheels, others with narrow; some with large
wheels, others with small: for proving experi-
mentally which sort is the best.

A machiue for shewing what degree of power
is sufficient to draw a loaded cart or waggon up
hill ; when the quantity of weight to be drawn up
and the angle of the hill’s height are known.

A model of a most curious Silk-reel, invented
by Mr. Verrier near Wrington in Somersetshire.

A Jarge working model of a water-mill for saw-
ing timber.

A model of a haﬁd—mﬂl for grinding corn.
A model of a water-mill for winnoning and

grinding corn, drawing up the sacks, and boult-
ing the flour.

A machine for demonstrating that the power
of the wind on wind-mill sails 1s as the square
of the velocity of the wind.

A working model of the Engine by which the

piles were driven for a foundation to the piers
of Westminster Bridge.

1II.

A machine for *shewmg that fluids weigh as

much in their own Elements as they do in Air.:
A machine for shewing that, on equal bottoms,
the pressure of fluids is in pmpartim} to their
perpendicular
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A working model of Archimedes’s spiral pump.

Glass models for shewing the structure and
‘operations of sucking, forcing, and lifting pumps.
A working model- of a quadruple pump-mill,
for raising water by means of water turning a
wheel.

A working model of the Persian wheel for
raising water ; and one of Mr. Blakey’s Fire
Engines.

A working model of the engime by which wa-
ter is raised from the Hungarian mines.

A large model of the great engine at London
Bridge that goes by the Tides, and raises water
by forcing pumps.

V, and VI.

An Air-pump with a great apparatus belonging
to it, for experiments shewing the weight and
spring of the air.

A wind-gun.

VIL

An Electrical machine with a large apparatus
for shewing many experiments in Electricity.

A simple machine, by which all the prineiples
of dialing are evident to sight. '

Several kinds of sun dials.

A model of an astronomical Clock, shewing
the appareut motions and fimes of rising and
setting of the Sun, Moon and Stars; with the
ages and phases of the Moon at all times.

Another model of a Clock for shewing the ap-
parent motions of the Sun and Stars, with the

times |





















