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ADVERTISEMENT.

HE deﬁgn. of the following
T Treatife 1s to fhew, that Young
Gentlemen and Ladies may acquire a
competent knowledge of Aftronomy,
without any previous knowledge of
Geometry or Mathematics, How far
the Author has fucceeded in this, 1is
left to the judgment and decifion of
his impartial Readers ; to whom, if
his labours be agreeable and inftructive,
the purpofe for which he wrote will be
fully anfwered.
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which thone forth with the greateft luftre in the whole
of your deportment-—I am {till the fame as before,
excepting the improvement I have made at that famous
univerfity ; where, not cnly the fublime fciences are
taught by the greateft mafters, but the truths of the
Cbriftian religion proved in the leétures which I have
conftantly attended.—You know that you and I ufed to
converfe familiarly before I went thither: let us do feo
ftill. .

E. Dear brother, I cannot exprefs how much you
oblige me by this behaviour.——I wus atraid before to tell
you my mind; but now I will, efpecially as you are to
be here for fome confiderable time before you fet out
upon your travels. What I want to learn of you cannot
be done, I believe, without taking up a great deal of
your time ; and perhaps you may think me too vain,
in wanting to know what the bulk of mankind think our
fex have no bufinefs with,

N. Pray Eudsfia, what is that ?

E. It is nothing lefs than to be in fome meafure
acquainted with the fublime fcience of Aftronomy ; for
I have been told, that, of all others; it is the beft for
enlarging our minds, and filling them with the moft
noble ideas of the GREaT CREATOR and his works;
and confequently of drawing us nearer to Him, with an
humble fenfe of our own me*mnefs, and of every thmg
that the greateft art of man can perform.

N. Indeed, fifter, whoever told you fo, told you a
great truth ; and I am very glad to find you have an
inclination to learn the moft fublime fcience that ever
was taught by mankind.

E. But fhall I not be laughed at for attempting to
learn what men fay is fit only for men to know ?

N. Never, by any man who thinks right; and I hope
you are above minding what thofe fay who think

wrong.,
E. Now,
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E. Now, let me fpeak freely.—I have been told,
altronomers pretend that the fun ftands ftill, and that
the earth turns rotind.—What do you fay to this ?—I
know you honour the Bible, and it afferts the contrary.
Now, I fee fo many things in that Book which appear
to me to be above all the powers of human compofition,
and carry fuch evident marks of Divinity with them,
as are fufficient to convince me that they could proceed .
from none but God : and therefore, I had much rather
baulk all my inclinations to learning, than learn any
thing that would prejudice my mind againft the Bible.

N. Dear fifter, I admire the goodnels of your heart,
~—You may depend upon ity that the ftudy of aftronomy
will never have the leaft tendency towards prejudicing
your mind againft the Scriptures.—You know that we
cannot take every thing there in the {trict literal fenfe.
If we did, we fhould belitve that Our Saviour was actu-
ally a vine at one time, a door at another, and at a third
time a lamb. The Scriptures were given us, to teach us
what we fhould believe, and how we thould behave, in
order to attain and fecure to ourfelves the favour of our
Maker here, and our perpetual felicity hereafter ; which
are things infinitely more interefting to us than all
other knowledge and wealth in the world.—They fpeak
according to the common apprehenfions of mankind, in
thofe points which are merely f{peculative, and have no
dire&t tendency to influence our morals; znd, as they
never, were intended to inftruét us in éxperimental phi-
lofophy, or aftronomy, or in any thing elfe thar we
could acquire by our own induftry without them, nothing
that regards thefe fciences can rather be deduced’ or
inferred from them.—One might with as good reafon
take up a law-book and expeét to find a fyftem of geo-
graphy in it, as take up the Bible with a view to find a
fyftem of aftronomy therein.

A2 £E. What
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E. What you have faid is rational and juft; and
now, if you pleaf:, I fhould be glad to enter upon our
intended fubje&.—If the fun does not move, pray, to
what is he fixed ! and what hinders him from falling
down to the earth, when he is fo high above it, efpe-
cially at noon in fummer ? |

sN. High and I are only relative terms ; for, when
the fun is at his loweft depreflion with refpe& to us,
he is dire€tly over-head to fome other part of the earth ;
for the earth is round like a globe, and on whatever
part of its furface a perfon ftands upright, he thinks
himfelf to be on the uppermoft fide ; and wonders how
any one can ftand directly oppolite to him, on the under-
moft fide of the earth; or rather, how he can hang to
it, with his head downward, and not fall off to the lower
iky.

}FEt That is what I have ofsen wondered at, when I
have heard it affirmed that the earth is habitable on all
fides ; or that, where towns cannot be built, fhips may
fail. How comes it to pafs, that the weight of a thip
caufeth it not to fall oft from the lower feas; or that -
thefe fhips and feas do not fall off to the lower fky alto-
gether 7 |

N. What we call weight is caufed by attraition.—
The earth attraéls all bodies on or near its furface, to-
wards its center, equally on all fides, every particle of
matter alike ; and therefore thofe bodies which contain
the greateft number of particles of matter, acquire from
this attraétion the greateft and moft forcible preflure ;
and confequently bave (what we call) the greateft
weight.—The earth may be compared to a great round
loadftone rolled in filings of iron, which it attraéls
equally on all fides ; fo that they cannot fall off even
from its undermoft fide : nay, it wilk take them up from

a table, if they be within the fphere of its attraétion.—
By




LADY’s ASTRONOMY. g

By and by, you fhall be fatisfied with refpe& to your
guery about the fun, |

E. So far I underftand you very well; but fhll it
feems odd to me that people fhould ftand oppofite to us
on the earth, with their heads downward.

N. I believe it does; but you know, that either the
fun muft go round the earth to give us days and nights,
or the earth muft turn round like a globe on its axis
td do fo: and will not either of thefe motions anfwer
the intended purpofe ?

E. Undoubtedly it will.

N. Now, as I have no mind to deceive you, and fhal}
in due time prove every thing that I advance, even to
your own fatisfaction ; I do fay, that the fun does not
move round the earth every twenty-four hours, but that
the earth turns round in twenty-four hours : and as the
fun can only enlighten one half the earth at any given
inftant of time, and the other half muft then be in the
dark ; this motion 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 refpeét
to the earth’s turning round ? _

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

N. Then, be pleafed to ftand up for a minute.—It
is now feven 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 evening, when the earth has
turned half round, becaufe you will then perceive no
difference of pofture: and yet, at that time, you will
be very nearly in the fame pofition as a perfon is juft

X3 now,

=
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now, who ftands on the fide of the earth oppofite to us :
which perfon bemg as ftrongly attracted by the carth
there, towards its center, as we are here, he is in no more
danger of falling off downward, than we are at prefent of
falling upward.

E. Pardon me, fir, if you had not been at the uni-
verfity, I fhould have thought falling uprard a very im-
proper expreflion.

N. Soitis; and I do aflure you that I never heard
fuch an expreflion at the univerfity, nor do I remember
ever to have ufed it before.—DBut, to proceed.

Up and down are only relative terms.  Let us be on

what part of the earth we will, we call it #p toward the

fky over our heads; and down toward the center of the
earth, to which all terreftrial bodies would fall, by the
power of the earth’s attradtion. So that, with regard to
open fpace, what is »p from any given point of the
earth’s furface, is dowx from the oppofite point thereof.
And as the fky furrounds the whole carth, we call it
up toward the fky over our heads, be where we will ;
and down from our place toward the center of the carth.
E. Then, to be fure, we can perceive no difference,
as to our pofition at different times of the day. You

have quite fatisfied me in this: but, pray, how can the .:;

earth move, and we not feel its motion ?

N. I heard you was at Plymouth laft year; had you
pot then the curiofitv to go aboard fome of the fhips
there, or at the Dock ?

E. My papa and I went to the Dock, witha fmall
party of gentlemen and ladies. = Mr. Falconer, who was
then mafter of the Bellcifle happened to be on fhore ;
and obferving that we were flrangers, ke moft politely
ipvited us to fee his fhip, which was then lying with
many others in the Hamoaze, We moft willingly ac-
eepted his invitation, and he took us all outin his boat ;
fhewed us firft into the cabin of the fhip, and, as it was

H'I.
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in the afterncon, he genteely treated the gentlemen
with wine, and the ladies with tea; after which, he
fhewed us the whole infide of his thip of war. The
way that the different apartments are laid out, efpecially
the powder-magazine, and how it is {ecured from being
dangerous ; the method of fteering the helm, and many
other things which I cannot well remember, was a fight
not only highly entertaining, but greatly furprifing ;
and I could not help wondering how it was poflible for
the art of man to contrive and build fuch a wonderous
huge machine, and how it could be managed and con-
ducted through the pathlefs fcas,

N. Icis {'uxpr:ﬁngmdeed ! but how infinitely more I'n
is the power and fkill of the Great Creator of the
univerfe, who has made fuch prodigious bodies as the
planets of our fyftem are (one of which is a thoufand
times as big as our earth) and has fet them off in the
tracklefs {pace around us, with fuch degrees of {wiftnels
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 {pace from which he fet them off at firft,
—And the difpofition of all the apartments of the fhip
will not bear to be compared, not only with the ftruc-
ture of the human body, but even with that of the
meaneft animal on earth.—W as the day calm or windy ?

E. Scarce a breath of wind was ftirring: the fun
thone clear, which mude the furface of the witer around
us have a very pleafing afpe€t: and the fight of the
thips about us, and of the town, was a moft beautiful
profpect. a

N. I fuppofe you locked out through the cabin win-
dows whilft you were at tea.—Did you fee the fame
objets all the while ?

" E. Ilooked out very often ; the firft objet I faw was
a large houfe in the Dock-town ; but it feemed to me
as if it moved very flowly toward the right-hand. I

A 4 {oon
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foon loft fight of it, and other obje&ts appeared to my
view, and difappeared flowly and gradually ; which
could arife from no other caufe than the very flow and
gentle turning of the fhip the contrary way.

N. True: but did vou feel the motion of the fhip?

E. Not in the leaft ; and the whole company agreed,
that if we had not looked out, we fhould not have
thmlght that the fhip had any motion at that time.

N. And is not that fingle cafe fufficient to convince
you that the earth may turn round, and carry us all
about with it, and we feel nothing of its motion ;
efpecially as the motion of the earth is much more re-
gular and uniform than the motion of a fhip, or any
other machine that human art can ‘cont rive.

&. I confefs it is.—But if the earth turns round,
hew comes it to pafs that a ftone thrown diredly
upward, falls down again upon the very fame place
of the earth from which it was thrown up?-—~For,
confidering how large a globe the earth is, the parts
of its furface muft move very faft, to turn round once
every twenty-four hours. And if it turns at all, its
motion muft be eaftward ; becaufe the {un, moon, and
ftars appear to move from Eaft to Weit, Now I fhould
imagine, that a ftone or ball thrown direétly upward
from any place, would fall as far to the weftward,
of that place, as the place itfelf has got to the eaftward,
whilft the ftone was difengaged from the earth, and
rifing and falling in the fame line.

N. Your obfervation is very fenfible. —But you
ought to confider, that any body which is put into mo-
tion will perfevere in that motion till fome thing or
other turns it afide, or ftops its courfe. The {tone
partook of the earth’s motion before it was difengaged
therefrom : the perfon who took it up had the fame
motion, by which means it was flill communicated to
the ﬂ:ﬂne % and thcraforf:, ItS mutmn was as quick eaft-

ward
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ward while its was rifing and falling in the open air,
as the earth’s motion is: fo that it could not mifs fall-
ing down again upon the fame part of the earth. And
although it would have appeared to a {peétator to af-
cend and defcend in the fame. perpendicular line, yet
its real motion was in a curve, and would manifeftly
have appeared fo to an obferver at reft in the open air,
on whom the earth’s motion had no effeét.

If a large boat was failing along, near the fhore,
two perfons oppofite to one another in the boat
might tofs a ball to each other, over and over acrofs the
boat, to catch for their diverfion : and they would ima-
gine it to be only going to and fro, from one per-
fon to the oppofite, always in the fame line : where-
as ’tis certain, that the progreflive motion of the ball,
going from one fide to the other, would be equal to
the progreffive motion of the boat : for if it was not,
the oppofite perfon (who had a progreflive motion )
could not catch it. And although it would appear
to all the people in the boat, to move forward and back-
ward in the fame line, yet, to an obferver on the thore,
who is no way affefted by the motion of the boat, the
ball would be feen to have a zigzag motion, never re-
turning to either perfon in the fame line in which he
toffed it toward the other.

E. You have fully convinced me that there is no-
thing conclufive in my argument againft the ecarth’s
motion.- And, in confirmation of what you faid
about a body’s being put into motion, that it will na-
turally perfevere therein, till fome caufe or other turns
it afide, or ftops its courfe, I had once the experience
thereof ; and very painful it was. For, croffing our
river in the boat, I ftood up when it was about half
way over 3 and as its motion was uniform by the men
pulling the rope, I was quite infenfible both of its mo-
t.on and my own. But when it ftopt fuddenly againft

the
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the bank of the river, I fell forward on my face, and
was much hurt by the fall. Whereas, if I had not,
without knowing any thing of the matter, naturally
perfevered in the motion given me by the boat, I could
not have fallen when it was ftopt.

N. Indeed, Eudsfia, you have given a.true philofo-
phical 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 fo too; for, fpeaking of the fall makes
me almoft imagine I ftill feel it. But, pray, how
do you prove that the earth is round like a globe ?

N, I will prove that immediately. The fun fhines
in through the window.—— '

E, What then ! :

N. Have patience a minute, and look at #his fmall
globe in my hand, and the flat circular plate that lies
on the table. You fee the globe may be hung by
the thread which is faftened to it. I now twift the
thread, and hang the globe by it in the beams of the
fun ; and the globe cafts a fhadow on #hat upright
board behind it. You fee that the globe turns by the un-
twifting of the thread ; but let it turn how it will,
it always cafts as round a fhadow on the board as if
it did not turn at all. I now fix a thread to the
edge of the flat circular plate, and hang the plate by
the thread a little twifted. You fee, that when the
broad-fide of the plate faces the fun, it cafts a round
fhadow on the board, as the globe did : but as it turns
obliquely toward the fun, by the untwifting of the
thread, its fhadow is of an oval figure on the board ;
and when its edge is turned toward the fun, its fha
dow on the board is only a narrow ftraight line.

E. All this is plain ; but I cannot imagine what
you are to infer from it.

N. The
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N. The earth alwa}rs cafts a thadow toward that part
of the heaven which 1s oppofite to the fun ; and the moon
appears as flat to us as the board on which the fhadow
of the fmall globe was proje¢ted. When the earth’s
fhadow falls upon the moon, we fay, the moon is e-
clipfed. Thefe eclipfes happen at all different times of
the twenty four hours ; and, cenfequently, when all
the different fides of the earth are fucceflively turned
toward the Sun. But the earth’s thadow on the moon
is always bounded by a circular line ; and therefore,
it is plain, that the earth muft be of a globular fhape.
For, if it were thaped like #his flat circular plate,
its fhadow on the moon could never be circular but
when its broad-fide was turned direftly toward the
fun. At other times, the fhadow would be either of
an oval figure, or only a ftreight line, as you have feen
en the board. There are feveral other ways of pro-
ving that the earth is round ; but I believe you are
fatishied that it is fo, from what I have now fhewn you,

E. 1 am entirely fatished, 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 docs not go round the earth.

N. Before I proceed to the demonftration, I will afk
you a very plain queftion, which I hope you will not
take amifs, as I have not the leaft defign to affront
you,

E. Indeed I do not believe you have ; and therefore
I beg you will afk it.

N. Suppofe you put a fmall bird on a {pit, and put
it to the fire ; whether it is the beft way to turn the
{pit round with the bird, or to let the {pit ftand
ftill, and move the fire round about it ?

E. Your queftion almoft furprifes me, for, not
to fpeak of the wildom of man, {fure no woman of com-
mon fenfe could be fo abfurd, as to fet about con-

triving
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triving how to make the large fire and grate be car-
ried round the fpit.

N. True, Eudifia,—Now I can aflure you, that the
fun is, at leaft a million of times as big as the earth ;
and is therefore more unfit to be moved round the
earth, than a great fire, and the grate that holds it, is
to be moved round a fmall bird on 2 fpit. And
as no man in his fenfes would go to work on fuch an
abfurd attempt, would it not be horrid blafphemy to
fuppofe, that the DEITY, who is the very eflence of
wifdom and perfection, would do fo.

E. Heaven forbid the thought ! the bare mention-
ing fuch a thing is enough to chill one’s blood.
Were 1 fure, that the fun could be proved to be a
million of times as big as the earth, I fhould afk no
further demonftration of the ftability ot the fun and
the motion of the earth; becaufe I fhould naturally
conclude, that the {un is a million of times more unfit
to move than the earth is, And, as the moft fuperlative
degree of wifdom and reafon is in the Deity, ’tis im-
poflible ‘for me to imagine he could do any thing that
15 trrational.—My belief is, that he always makes ufe of
the feweft, moft fimple, and moft rational means, to
produce the greateft, moft noble, and moft aftonithing
effe€ts ; fuch as his infinite goodnefs and beneficence
to his creatures has rendered conducive to their welfare,
in numberlefs inftances. :

N. He certainly does. And now I will prove
to you, that the earth turns round every twenty-four
hours ; not upon any material axis, but on an imaginary
ftraight line within itfelf, pafling through its center,
and terminating in its North and South points, which
are called its North and South poles; as an orange would
turn round in the open air, if you firft fet it a whirl-

ing, and then throw it off your hand in the air.
~ Water
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Woater naturally runs downward, all around the earth,

from thefe parts which are higheft, or fartheft from the
center, toward thofe which are loweit or neareft to it:
and this is caufed by the power of the earth’s central
attraltion, which draws the water and all other bodies
that way, Now, if the earth was perfedtly round,
and fmooth like a polifhed globe, all the parts of its
furface would be equidiftant from its center; and wa-
ter could never run upon it. About three-fourth parts
of the earth’s furface is covered with the feas, which
join or communicate with cach other. And if the earth
had no motion round its axis or center, the attraltive
force (which is equal all around at equal diftances
from the center) would caufe the furface of the feas to
be of a perfedly round and globular. form.
- E. Undoubtedly it would : for then, as every par-
ticle of the water’s furface would be drawn with equal
force toward the earth’s center, and thefe particles do
touch each other; none of them could gect nearer the
center than their neighbouring ones,

N. Right.— --And now, fuppofing the earth to be
at reft, and the furface of the oceans and feas to be
perfetly globular ; what do you think the confequence
would be, if the earth fhould begin, and continue to
turn round on 2 line within itfelf, as if it turned on
a real axis? h

E. Let me think a little. I have obferved, that
when our maid took her mop out of a pail of water,
the head of the mop was round : but when fhe began
to trundle it on her arm, itiimmediately became flat-
tened at the parts of the ftick which were even with its
furface ; and it {welled out in the middle=———Pray,
brother, if I may be allowed to make a very odd fort
of a comparifon, may not an imaginary line in the
heart of that part of the ftick which s within the mop
be called the axis round which the inop turns; as

you
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you have told me that fuch a line within the earth,
from its North to its South poles, is called the axis
of the earth? If fo, feeing that the waters on the
earth are of as yielding a nature as the cotton of the
mop ; 1 apprehend, that if the earth turned round
its axis, the furface of the feas about the poles
would become flat, and the furface of the feas which
are fartheft from the poles would {well out, all around:
and fo, the figure of the earth would be like that of
a whirling mop.

N. No philofopher could have made a more apt
comparifon, nor have drawn a better conclufion from
it. When I told you before, that the earth is round,
I did not mean that it is ftriltly fo ; although, at the
diftance of the moon, it would appear to be round, as
its fhadow on the moon does to us. I do not here
confider the hills as any thing, becaufe they are fo little
in comparifon to.the whole bulk of the earth, that they
take off no more from its roundnefs in general, than
grains of duft do from the roundnefls of that fmall
three inch globe which you fec on the table. ¢ is quite
round, and covered all over with paper, on which there
1s 2 map of the land and water on the earth’s furface.
The middle line (fee Fig. 1. of PLATE I.) circle, or
that is drawn round it, is called the Eguater, which
divides the globe into two equal parts, called the
Northern and Southern Hemifpheres, or half globes. The
North and South Poles are the middle Points of the
North and South hemifpheres, each pole being a quar-
ter of a circle diftant from each point of the equator,
all around : and a ftraight line drawn through the cen-
ter from pole to pole, is called the axis' of the globe.

If the thin papers were fcraped off from the poles,
and almoft half way round them toward the equator,
the globe would be a little flattened at the poles, and

comparatively fo much fwelled out about the equator
but
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but if it were then viewed from the diftance of fix or
feven feet, it would ftill appear to be round.

£. 1 believe it would :—but what of all this?

N. From atual meafurement and obfervation, the
earth is proved to be a little flattened at the poles,
and {welled out about the equator ; the equatoreal di-
ameter of the earth being thiriy-five miles 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 ne
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 over-
flow the polar regions for many hundred miles all a-
round ; and even Britain itfelf would be laid feveral
miles under water,

£. This is a very plain cafe: and the not return-
ing of the waters from the feas 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 roundnefs, as I faw the head
of the mop do when the maid left off trundling it.
And now it feems plain, thatthe Almighty muft have
made the rigid earth as much higher about the equa-
tor, than the land is about thofe places near the poles,
as the earth’s quick motion about the equatoreal parts
would caufe the waters to rife there, For I fee by the
globe, that there are great quantities of land about the
equator, and many fmall iflands in the feas, which are
not overflowed,

N. The more you know of thefe matters, Eudofia,
{lill the greater reafon you will have to admire the

power
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power, and adore the wifdom and goodnefs of the
Deity.

E. Indeed, brother, T believe I fhak, And I al-
ready begin to think, that if an atheift would be
perfuaded to learn Aftronomy, it would foon cure him
of his infidelity.

N. So I have often ‘thought, fince I knew an}r thing

of the matter.

- E. T think you told me, that almoft three-fourth
parts of the furface of the earth is covered with feas ;
and by looking on that {mall globe, I imagine it may
be fo. But you have not yet told me, how it is
known, that the earth’s circumference is 25,000 En-
glith miles ; and perhaps I fhould not be able to un-
derftand it if you did,

N. The bulk of the earth is al'certamed by (what
is called) Geometry, and could not have been known
by any other kind of learning. And as you do not
yet underftand any part of that fcience, I fhould on-
ly confound your head by talking to you on that {fub-
. ject at prefent,

E. Your faying,  at prefent,” gives me fome hopes,
that you will endeavour to inftruét me in that branch
of fcience afterward. But can vou 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
olobe is divided into four great tracks or fpaces, called
Europe, Afia, Africa, and America ; as you fee them
Jaid 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
fquare miles: the inhabited parts 38,990,569 ; Eu-
rope 4,450,005 5 Afia 10,768,823 5 Africa 9,654,807 ;
America 14,110,874, In all, 199,512,595; which is

the




LADY’s ASTRONOMY.' 17
the humber of fquare miles on the whole furface of ouf
globe.

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

N. Nothing is great or fmall but in comparifon.
We are very big when compared with animals which
can be feen only by the help of a microfcope : the
earth is big indeed when cotiipared with ourfelves,
Who live upon it: the planet Jupiter is a thoufand
times as big as our earth, and the fun is more than
a thoufand times as big as Jupiter.=——If you fo juft-
ly 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 mihd. Alas,
what have we to be proud of ? If I had been proud
before, Aftronomy would have cured me effetually
of it.

N. Indeed it might cure any one of pride : and I
believe tio aftronomer can be either proud or impious.
—But hark |—the bell rings for breakfaft,~—I thought
to ‘have fatisfied your query about the fun, but muft
leave it till the next opportunity. Be fure then ta
put me in mind of it, and afterwards to talk about the

folar f{yftem.
£, 1 believe I thall have no oceafion to re-mind you,

B DIALOGUE
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DTALOGUE 1L

On the BarLanceE of NATURE and the SoLaAR
SYSTEM, |

Neander.

ELL, fifter ; what became of you yefterday

after breakfaft # I went to my room immedi-

ately after, thinking you would follow me, that we

might have a little converfation. But, inftead of that,

you have left me quite alone ; for I never faw you the
whole day afterward, except at dinner and f{upper.

LEudsfia. 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
therefore employed the reft of my time in writing down
every thing that I could remember.

N. I am very glad of it; and pow I find you intend
to emulate a young lady of quality; who, laft year,
attended a courfe of leltures on experimental philofo-
phy at Tupbridge Wells ; and always, when fhe went

B2 home,



20 The YOUNG GENTLEMAN and

home, wrote down what fhe had heard and feen. The
perfon who read the lectures informed me, that he
was (though with fome difficulty) favoured with a
fight of the young Lady’s manufeript ; and aflured me,
that fthe had therein given a very good account of the
machinery and experiments. I hope you will not re=
fufe to fhew me yours, every day, as we proceed.

E. You fhall always fee it, were it only for this
felfifh reafon, that you may correct and amend what
is wrong 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 is not fixed to any thing at all ; nor
is it any way requifite he fhould, T told you that the
falling of bodies to the earth is folely caufed by the
earth’s attraltion,

E. I remember it very well; and it feems plain to
me, that their falling toward the earth’s center, on all
fides of it, is a demonftrative proof of the earth’s at~
. tralion.. For what elfe could poffibly determine bodies
_to fall, on oppofite fides of the earth, in dire&ions
. quitz contrary to one another?

N. Right Eudsfia, you are a philofopher already : and
. T fhall have very great pleafure in teaching you, at
leaft, the rudiments of Aftronomy.
. The tendency of bodies to fall, is called their Gra-
. witation, and the power which gives them that ten-
dency, 1s called Aitraction. Now, fuppofing the fun
. (PLATE 1. Fig. 2.) to be the only body that exifts
in univerfal fpace, and that he is put into any part of
- open fpace, pray, to what other part of fpace do you
. think he would fall ? .
.. E. 1 think he could not fall to any other part of
fpace at all, becaufe there would be no other body to
attract him ; and, therefore, I imagine, that he would
always
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always remain where he was placed, felf-balanced on his
center 3 as my fayourite poet Milton elegantly exprelles
it, concerning the earth,

N. Your obferyation is fritly juft. And now, to
lead you further on, I tell you, that the fun’s attrac-
tion reaches many milliens of miles all around him ;
and that all bodies attradt each other according to their
refpeflive quantities of matter ; that is, according to
the number of particles of matter they are campeﬁ:d
of. I have already told you, that the fun is a million
of times as big as the ezrth: and as the fun and earth
are within the reach of each other’s attra&ion ; whe-
ther do you think, that the fun fhould fall to the
earth, or the earth to the {un!

E. I think, that if the fun contajns as much more
matter than the earth does, as he is bigger than the
earth, it is a million of times more reafonable, that
the: earth fhould fall to the f{un, than that the fun
fhould fall to the earth.

N. Right again, fifter; but now I muft inform"you,
that the fun is not fo compact or denfe a body as the
earth is ; and therefore he doth not contain as much
more matter than the earth does, as he is bigger than
the :earth, But his quantity of matter is more than
2004000 times as great as the earth’s : and, confe-
guentl}?, he attracts the earth more than 200,c00
times as ftrongly as the earth attraCts him.

E. Then I fhould think, that the fun and “earth
would naturally fall toward each other, and come to-
gether at laft : only, that the earth would fall 200,000
times as faft toward the fun, as the fun would to-
ward the earth,

N. And fo they would, if there were nothing to
hinder them. |

E. And what is it that hinders them ?

8.3 F N1
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N. I will begin to anfwer your queftion by afk-
ing you one. Did you ever put a pebble into a
fling, and whirl it round your head ? :

E. Yes, Sir, when I was a child.

N. And did you feel no tendency in the pebble to
fly off from the fling?

E. O, yes! and the moment | let the flring flip
from my hand, away the pebble flew.- I likewile
remember, that the fafter I whirled the fling, the great-
er was the tendency of the pebble to fly off; and that
I was obliged to pull the ftring fo much the ftronger
to keep the pebble from doing fo. :

N. That obfervation will be of more fervice to you
by and by, than you at prefent think of ; but it would
be too foon to tell you juft now how it will.

E. 1 will wait till you find it proper to tell me.
But I am almoft impatient te know what you are to
infer from the pcbble and ﬂmg

N. All bodies that move in circles have a cnnﬁant
tendency to fly off from thefe circles ; which tendency
is called their centrifugal force. And, in order to keep
them from flying off, there muft be an attrafive force
at the centers of thefe circles, cqual to the centrifugal
force of the moving bodies. The earth goes round the
fun once 2 year, in an orbit or path which is nearly
circular ; and it would as na!__:ural_]}' fly off from its
orbit, if the fun did not attrad it, as the pebble flew
out of the orbit that it defcribed round your head,
when you qmtted your hold of the ftring,

This is new doctrine to me ; for you never told
me 'hefore, that the earth goes ruund the fun. The
earth then has two motions, one round iis axis in
twent}r four hours, and one round the fun in 2 year . .—-
Can you prove as clearly, that the earth goes round
the fun, as you have pmved :hat it turns round its
axis?

N. 1
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N, I will prove it negatively jult now, and pofi-
tively afterward. If the earth had no motion round:
the fun, it could have no centrifugal force; to hinder
it from falling to the fun, by its own weight or gravi-
tation, which is conftituted by the power of the fun’s
actraétion,

£. I fee that the earth’s motion round the funis
indifpenfibly neceflary, and am therefore fatisfied that
it does exift, Butl think the fun would require fome
motion too, in order to give him a centrifugal force ,
without which, it feems to me, that big as he is, the
earth’s attraction would pull himy out of his place. For,
I remember, that the pebbin and fling pulled my
hand fo ftrangly, althouygh the pebble was {mall, that
I could nat poflibly k&ep my hand {lead}' whilft the
pebble was in mation,

N. Well done, fifter.————The fun really moves in
an orbit as well as the earth ; and the {un’s orbit is
as much lefs than the earth’s, ashis quantity of mat«
ter is greater than the earth’s, And, as both thefe
hodies go round their orbits in the fame period of time,
the fun maves as much flower than the earth does, as
his quantity of matter is greater than the earth’s. So,
what is wanting in the velocity or fwiftnefs of the
fun’s motion, is made up by his quantity of matter ;
and what is wanting in the earth’s quantity of marter,
is made up. by the {wiftnels of its motion in its orbit;
on which account, their centrifugal forces are equal to
each other’s attractions ; and, as thele attra&ions keep
them from flying out of their orbits by their centrifu-
gal forces, fo thefe forces keep them from falling to-
wards each other by their mutual attraltions.
And this is, what we call, the great balunce of nature.

E. This isa new light to me, and a molk delight-
ful one it is. But, although I think I underftand ic,
I wifh you would further explain it by a figure,

B4 ' . Here




24 The YOUNG GENTLEMAN and

N. Hereis a figure (PLATE 1. Fig. 3.) which I
drew laft night on purpofe for you; in which, fup-
pofe 4 to reprefent the fun, B the earth, and € the
line of diretion in which the fun and earth mutually
attract each other : in which line, take a point g, as
much nearer the center of 4 than the center of B, as
B contains lefs matter than A4; the center of A4 being
at h~and the center of Bati. If A and B were ai-
lowed to fall againft each other, by the power of their
mutual attradtions, then, in the time that A would fail
through the fpace 4 g, B would fall through the fpace
+ g5 and both thefe bodies would meet at g, becaufe
B would fall as much fafter than 4, as its quantity of
matter (and confequently its atirallive fnrce) is lefs than
that of A.

But, in the time the fmall bedy B goes round the
large circle a b ¢, the ‘great body 4 goes round the
fmall circle d¢ f; by which motion, each of thele
bodies acquires a ‘centrifugal force equal to the attrac-
tive force of the other ; and the point g 1s the center
of both the circles which the bodies defcribe ; and 1s
called their- common center of gravity, or the center of
gravity between them.

E. I fhould be glad to know why it is fo called,

N. T will tell you. Suppofe 4 and B to be twa
balls of different quantities of matter, and confequently
of different weights ; apd that thofe balls are connet-
ed by a fmall inflexible wire, €. that has po weight
at all (if you can imagine a wire to have no weizht,
like the immaterial line in which the fun ‘and earth at-
tra&t each other). Hang the wire by a thread  fixed
to the point g, which point is as much nearer thg
center of the great ball 4, than it is to the center of
the littie ball B, as the weight of B is lefs than the
weight of 4 : and then, thefe balls 'will fupport and
halzmcr: each other, like different weights at the two

ends
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ends of a common fteelyard, by which you have feen
meat wcighcd at home, after it was l:ufﬂught from mar-.
ket. The point ¢ may reprefent the center or axis
of the flecl-yard, which bears the weights that are at
both its e€nds, And, as gravity and weight are fy-
nonymous terms, the point g, or center of the fteel-
yard, is not improperly termed the center of grawr}r
of the weights A4 and B,

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

N. And, now, if you twilt the thread, by which
the wire and balls are fufpended at the point g, the
untwifting of the thread will caufe them both to go
round ; the great ball in the {mall circle 4 ¢ £, and the
little ball in the great circle @é¢; and the center of
gravity g between them will remain at reft,

£. From which I infer, that the center of gravity
between the fun and the earth is a2 motionlefs point.

N. And your inference is right.

E. 1 was juft going to afk you a queftion, but am
very glad a lucky thought prevented me ; for it would
have been quite childifh,

N. Remember what M. Bequgrand told you when he
began to teach you French ; Never fear, but [peak out,
right or wrong ! if you are wrong I will not laugh at you ;
I will put you right.——=Now tell me what your intended
queftion was ?

E. As we were obliged to hang the wire and balls by
a thread, to fupport their center of grayvity; I was juft
about to afk, what is it that {upports the center of
gravity between the earth and the fun?

N. Well :-m——And what was the lucky thoughe
that prevented your afking #bat queftion?.

E, Iimmadiatcly recolleéted, that we muft fupport
the cenger of grawry between the twp baﬂs, becauﬁ:,,

pt}:crmfe!
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otherwife, they would have fallen to the great earth by
the power of its attraétion. But, as there is no greater
body than the fun and earth to attra& them, they could
fall no way but toward each other ; and, therefore, the
common center of grawt}' between them needs nothing
to fupport it.

N. If you had asked the queftion, I fhould have told
you l:he very fame thing,.

E. If all the parts of aftronomy are as eafily learnt as
thofe which you have already taught me, I fhall have no
reafon to be vain, even if I become a tolerable good
aftronomer by your inftruions.

N. 1 dare not fay they are; but I will make every
part of it, which I inform you of, as plain as I can.

E. You have already told me that the earth is a planet,
and that there are nther planets bcﬁdes, which go round
the fun.

N. Yes ; there are five befides our earth: and they
are called Mercury, Venus, Mars, TFupiter, and Saturn,

E. Then, our fun muft be their {un too.

N. Tt is really fo ; and enlightens them all.

E. T could never believe that the Almighty deoes any
thing in vain ; and therefore I begin to think, that all
the other planets are inhabited as well as our earth.
For, to what purpofe could the fun thine upon lifelefs
lumps of matter, if there were no rational creatures
upon them to enjoy the benefit of his light and heat ?

N. Ay, why indeed ? And I will tell you one
thing more, which will confirm your belief that they
are inhabited.—~—They turn round their axes, as our
carth turns round its axis; for which . plain reafon,
they have days and nights as our earth has: and the
two which are fartheft from the fun, namely, Fupiter
and Saturn, and which, confequently, have much lefs
light than our earth has; have moons to'enlighten
them, ?z:pirrr four, and Saturn five.

E. Tq
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E. To me, this is a pofitive proof of their being
inhabited ; and is enough to make us think, that we
are but a fmall part of the creation, or of the fayourites
of heaven : and that all the regards of Providence are
not attached to our diminutive concerns,

N. The Divine Providence is univerfal. Gobp loves
his creatures, as is manifeft by what he hath done for
us, who, perhaps, deferve lefs of his favour than the
inhabitants of all the other planets do, taken together.
[t is as ealy to him to take care of thoufands of
millions as of one individual, and to liften to all their
various requetts, On account of his omniprefence,
nothin: can efcape his notice ; and on account of his
omnifcience, nothing can efcape his knowledge !

£. And, as his omnipotence may be inferred from hie
works, fo I have often thought, that his goodnefs may
be inferred from his power. For, as he had power
enough to make the world, he certainly has power
enouzh to punith the world : and; confequently, if his
goodnefls were not equal to his power, he would punifh
us feverely for breaking his laws,

N 1 believe, fifter, a more juft inference was never~
made.

E. Do all the planets go round the fun in 2 year, as
our earth does ?

N. No; thofe which are neareft the fyun go fooneft
round him, and thofe which are fartheft from him arg
longeft in performing their circuits,

E. And do they all move round the center of pravity
between the fun and them, as round a fixed point?

N. They do.

E. Then, as the times of their going round the fun
are {o various, I cannot fee how the fun can defcribe any
regular circle round the common center of gravity be-
twween him and them all.  For, in order that the fun
fhould move regularly round fuch 2 circle, ‘I think aH
P ths
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the planets would need to be joinsd together in onc
malfs.

N. ’Tis very true ; and we muft proceed by degrees.
What I fhewed you by the figure was only on fuppofi-
tion, that there is but one planet belonging to the fun.
But as there are fix belonging to him, and going round
him in very different periods of time, he is only agitated
(as it were) round the common center of gravity of the
whole fyftem; and defcribes no regular or perfet circle
round it, but is fometimes nearer to it, and at other
times further from it, according as he is attraéted by a
greater or fmaller number of planets toward any fide of
the heavens,

E. In what times do all the planets go round the
fun ?

N. Mercury in 87 days, 23 hours, of our time ;
Fenus in 224 days, 17 hours ; the Earth 1n 365 days, 6
hours ; Mars in 686 days, 23 hours; Fupiter in 4332
days, 12 hours; and Saturn in 10,759 days, 7 hours ;
all the fame way, from Weft, by South, to Eaft,

E. And do you know what their diftances from the
fun are ? :

N. Their comparative diftances from the fun have
been known leng ago, both by the laws of nature, and
by obfervation, and are as follows.——If we fuppofe
the earth’s diftance from the fun to be divided into
100,000 equal parts, Mercury’s diftance from the fun
will be equal to 38,710 of thefe parts; Venus’s diftance
72,3335 Mars’s diftance 152,369 ; Jupiter’s diftance
520,096 ; and Saturn’s diftance 954,000. _

E. And can you tell how many miles are contained in
thefe parts ? |

N, Not fo exactly as we could wifh . yet aftronomers
have come much nearer to the knowledge thereof, by
the late tranfit of Venus over the fun, on the 6th of
June 1761, than ever they were before,——DBut we

‘muft
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muft wait with patience till the year 1769, when theré
will be a much better tranfit of that planet over the {un,
in the evening of the third of June ; by which means,
if it be properly obferved at different places of the earth,
the dimenfions of the whole fyftem will be very nicely
known. And the aftronomers will do well to embrace
that opportunity, becaufe there will not be fuch another
in a hundred years afterward. The method of finding
thefe diftances by the tranfit is purely geometrical;
which, as you have not yet learned any thing of geo-
metry, I cannot at prefent make you underftand.

E. Bui, tell me what thele diftances are, as deduced
from the late tranfit in June 1761.

N. Mercury's diftance from the fun is 36,841,468
Englith miles : Venus’s diftance 68,891,486 : the
Earth’s diftance g5,173,000 : Mars’s diftance
145,014,148 : Jupiter’s diftance 494,990,976 : and Sa-
turn’s diftance 907,956,130.

E. Thefle diftances are fo immenfely great, that 1 can
form no ideas of them,

N. Then I will endeavour to render them more
familiar to you. For weare generally fo much ufed to
fpeak of thoufands and millions, that we have almoft
loft the idea of the numbers they contain,

Suppofe a body, projeéted from the fun, fheuld con-
tinue to fly at the rate of 480 mileg every hour, {which
is much about the fwiftnefs of a cannon-ball) it would
reach the orbit of Mercury in 8 years, 270 ‘days; of
Venus in 16 years, 136 days ; of the earth in 22 years,
226 days ; of Marsin 24 years, 165 days; of Jupiterin
117 years, 237 days; and of Saturn in 215 years, 287
days.

}.FE. Amazing to think, that a cannon-ball would be
upwards. of 200 years in going from the fun to the re-
moteft planet of the {yftem | The diftance muft indeed

be immenle !
N, Great
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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 fun as Saturn is : notwithftanding which, they
are then nearer to the fun than to any of the ftars.
For, if any comet fhould go as near to any ftar as it is to
the fun, when fartheft from him; it would be as much
attraed by that ftar as it is then by the fun ; and its
motign being then toward the ftar, it would go on,
and become a comet to that ftar ; and we fhould never
hear of it any more. And now, Eudsfia, what do
you think of the diftance of the ftars ?

E. 1 am loft in wonder! But fuppofing there
were no comets, pray is there any other way by which
we might know that the diftance of the ftarsis (o i incon-
ceiveably great !

N. I fhall only tell you of one way.——If we are
at a great diftance from two neighbouring houfes, they
feem to be fmall, and at a little diftance from one ano-
ther. But, as we approach nearer and nearer to them,
they feem to grow bigger and bigger, and the diftance
between them to encreafe.  You know this,

E. Very well ;: pleafe to proceed.

N. The earth goes round the fun every yeat, in an
orbit, which is upwards of 190 millions of miles in
diameter. Hence, we are 1go millions of miles
nearer to fome of the ftars juft now, than we were half
2 year ago, or fhall be half a year hence : and yet, for
all that, the fame ftars {till appear to us of the fame
magnitude, and at the fame diftance from each other,
not only to the bare eye, but alfo when viewed by the
piceft made inftrurhents. Which fhews very plainly,
that the whole d:ameter of the earth’s orbit is but a
dimenfionlefs pnm}r in comparifon to the diftance of the
ftars,

E. All furtl;ér proofs of the immenfe (and, I fhould
think, almoft infinite) diftance of the ftars, would be

fuperfluous
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fuperfluous, But; as we were talking about the comets,
pray, are they not dangerous? We are always
frightened when we hear of their appearing, left their
fiery trains fhould burn the world,

N. That is owing to peeple’s not knowing better,
T he orbits of the planets are all nearly in the fame plane,
(as if they were circles drawn on a flat board) but the
orbits of the comets are elliptical, and all of them fo
oblique to the orbits of the planets, and alfo te each
other, that no confet can ever touch a planet, And, as
to thofe appearances, which are called the tails of the
comets, they are only thin vapours, which arife from
the comets, and which could not hurt any planet, if it
fhould happen to go through that vapour when the
comet is crofling the plane in which the planet’s orbit
lies. If thefe trains were fire, we could not fee any
thing through them that is beyond them. Far, if yau
hold a candle between you and any objeét, you canpot
fee that obje& through the flame of the candle ; byt th:
fmalleft ftars are feen through the tail of a comet.

E. This is comfortable dotrine indeed.

N. Befides, you know that the world muft be con-
verted to Chriftianity before it be byrned ; which, we
can hardly believe, will be within the time that youand
I can live, according to the ordinary courfe of nature,

E. Alas, brother ! our people who go into thefe
remote parts where Chriftianity was never heard of,
behave fo unjuftly and cruelly to the poor natives, as
might rather frighten them from the chriftian religion,
than induce them to embrace it, I confefs I am not ac
all furprifed, when I hear, that the native Americans
rife fometimes in large bodies, and deftroy thofe whe
call themfelves chritians, on account of their harharau:
ways of uﬁng that people.

N. It is not at all to be wondered at: for their
principles are, Good for good, and Evil for evil.

E. As
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E. As it makes me melancholy to think or fpeak of
thefe things ; I beg we may refume our intended fub-
je&. Confidering how far the planets are from the fun,
and in what times they go round him, they muft move
very faft intheir orbits. I fhould be glad to know how
many miles they move every hour.

. N. Mercury moves 109,699 Englith miles every
houry Venus, 80,295; the Earth, 68,2433 Mars,
55,2873 Jupiter, 29,083 ; and Saturn, 22,101,

E. And fo we are carried 68,243 miles every hour,
-along with the earth in open fpace, without being in the
leaft fenfible of that rapid motion.

N. We are indeed, fifter.

E. And can you tell me what the magnitudes of the
“fun and planets are ?

N. When the diftance of an objeét is known, there-
“are eafy geometrical rules for deducing its real bulk from
its apparent bulk, According to the fore-mentioned
diftances, the fun’s diameter is 893,760 miles, (and
confequently he is 1,410,200 times as big as the earth) ;
Mercury’s diameter, 3100; Venus’s, 9360, the Earth’s,
7970 ; Mars’s diameter, g150 ; Jupiter’s, g4,100; and
Saturn’s diameter, 77,990 Englifh miles,

The moon’s diftance from the ea-th’s center is
240,000 Englith miles, her diameter is 2170 5 fhe
moves (with refpeét to the earth) 2290 miles in her
orbit every hour ; and fhe goes round the earth, from
change to change, in 29 days, 12 hours, 44 minutes.

Fupiter has four moons, going round him in different
times and at different diftances. His firft, or neareft
moon, goes round him in 1 day, 18 hours, 36 minutes ;
the fecond, in 3 days, 13 hours, 15 minutes; the thivd,
in 7 days, 3 hours, 59 minutes; and the fourth, or
fartheft moon from him, in 16 days, 18 hours, 3C
minutes.

Saturn



LADY’s ASTRONOMY.’ 33

Satiirn bas five moons, the neareft of which goes
rotind him in 1 day; 21 hours; 19 minutes ; the fecond,
in 2 days, 17 hours, 40 minutes; the third, in 4 days,
i2 hours, 25 minutes; the fourth, in 15 da:.rs; 22
hours, 41 minutes; and the fifth, or otitermoft, in 79
days, 7 hours, 48 minutes. Tlus planet is encompaffed
by a broad thin ring, fet edge-ways round it, and the
diftance of the ring from the planet i3 equal to the
breadth of the ring: The fun fhines for almoft 1¢ of
our years together on the northern fide of the ring, then
goes off, and fhines as latig on the fouthern fide of it :
fo there is but one day and one night on each fide of
the ring, in the time of Saturn’s whole revolution about
the fun, which takes up almoft 30 of our years.

E'A Iong day and night indeed, for the inhabitants
of the ring; if any fueh there be. Undoubtedly, if it
is inhabited, it muft be by beings very different from
us ; as we have no reafon to believe, but that the Deity
has accommaédated their days and nights as well for them
as he has ours for us~——But you told me, that the
other planets turn round their axes, as otir earth does:
do they all tufn found the fame way, or eaftward, fo as
to caufe the fun and ftars appear to go round weftward 3
and in what times do they turn round ? :

N. By viewing them with good telefcopes, we fee
. fpots upon moft of them, which adhere to their furfaces,
. and appear and difappear regularly on their oppolfite fides,
B}’ the motions of thefe {pots, which are all eaftward,
we know that Venus turns round her axis in 24 days, 8
hours, of our time ; by which divide 225 of our days,
. the time in which Venus goes round the fun, or the
. length of her year; and we fhall find, that her year
. contains ﬂnly_':'g}; of her days. Mars turns round in 24
hours, 40 minutes of our time ; and Jupiter in g hours,
§6 minutes, We cannot tell in what times Mercury

- and Saturn turn round their axes, becaufe no fpots have
C been
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been feen upon them, even by the beft telefcopes, —eam
The fun turns round his axis in 25 days, 6 hours, from
Weft to Eaft, allo.
E. Why fhould the fun turn round ? for, as he
is the fountain of light, he can have no days and
‘mights,
N, To turn away his dark fpots from long facing the
-planets, and thereby to difpenfe his light the more equally
all around him to the planets. But, are you not tired by
this morning’s long converfation ¢
E. Far from it, brother, though I am fure you may,
" But what fhall I do? for I fear I cannot remember much
-of what you have told me this morning, fo as to write it
down. ! ;
- N. Never mind that, Eudofia; for I believe I fhall
-publifh thefe our converfations, for the fake of other
.young ladies ; many of whom are, no doubt, willing to
learn-Aftronomy, but have no body to teach them, And
then you can have the whole together in print.
E. If you do, Siry, I muft infift upon your not men-
gioning my name. . |
N. Your defire thal! -be complied with : and in con-
cealing your real name; 1 fhall alfo conceal my own.

' 'IF

oL
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On GRAVITY and LIGHT,

Neander,

O, fifter ; T find you are not willing to flip the

morning opportunity, when we can be undifturbed,
and by ourfelves, Have you made any remarks upon
our laft converfation ?

Eudefia. Yes, brother.———In the firft place, I re-
member you told me, that the planet Mercury moves
109,699 miles every hour in its orbit, and Saturn only
about 22,000. I obferved likewife, that the further the
planets are from the fun, they not oamly take longer
times to go round him, but alfo move {lower in every
part of their refpective orbits. Can you affign any rea-
fon for this ?

N. The nearer that any planet is to the fun, the
more ftrongly it is attracted by the fun ; the farther any
planet is from the fun, the lefs is the force of the fun’s

Ca attrallion
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attrattion upon it, 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 attraion: and thofe
which are the farther from the fun muft move the
flower, in order that they may not have too great a
degree of centrifugal force, for the weaker attrattion of
the fun at thofe diftances.

E. Then I underftand, that the fun’s attra&ion, at
each particular planet, is 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 fo ?

N. Accurately fo.

E. Then, as the power of the Deity is manifeft,
in having fet off fuch large bodies as the planets are,
with fuch amazing degrees of velocity ; fo his great
wifdom is confpicuous, in having fo exaltly adjufted
their velocities, and, confequently, their centrifugal
forces, to the different degrees of the fun’s attra&ion
at the diftances the planets are from him.———Here is a
wonderful balance indeed ! Can there be an atheift 7
X am {ure no man could be fo, after hearing fuch things

as you have told me of. :
N. *Tis faid there are atheifts ; but they muft all be
Rtupid fools,———The Almighty has laid the great book
of nature open to our view ; fothat, every one that runs
may read. Suppofing matter had exifted from eternity,
{which, by the bye, is too great a compliment to be
paid to matter) I imagine, the greaieft atheift in the
world could hardly bring himfelf to believe, that ftones
could have hewed then:felves, bricks made themfelves,
trees fhuped themfelves into beams and boards, and
mortar made itfelf ; and then, zll thefe materials have
jumbled themfelves together, fo as to build a houfe,
And what is a houfe in comparifon to a planetary fyftem ;
or
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or the fkill required to build it, when cnmpared with the
organization of any infeét ?

E. Nothing at all. But I am apt to lead you into
digreflions. Doth the power of the fun’s attration
decreale in proportion as the diftance from him in-
creafes ?

N. No : his attraltive force diminifhes in proportion
as the fquares of the diftances (that is, as the diftances
multiplied by themfelves) from him increafe. So that,
at twice the diftance from the fun’s center, his attrac-
tive force is four times lefs ; at thrice the diftance, it is
three times three times, or nine times lefs ; at four times
the diftance, the attra&ion is four times four times, or
fixteen times lefs ; and fo on.—And this we find, from
the comparative diftances of the planets from the fun,
and their different velocities in their orbits: befides, L
have often feen this experimentally confirmed by a ma-
chine called The whirling-table.

E. If I underftand this ; fuppofing there are four
planets fo pIaced as that the diftance of the fecond
from the fun is twice as great as the diftance of the
firft ; the diftance of the third, three times as great ;
and the diftance of the fourth, four times as great as the
diftance of the firft : the fourth will be attra&ed only
with a fixteenth part of the force wherewith the firft is
attralted ; the third only with a ninth part of the force ;
ind ¢he fecond with only a fourth part of the force that
attracts the firft.

N. Exadlly fo.

E, 1 fhould be glad to know the reafon why the
fun's attrafltion decreafes in proportion to the fquares
of the diftances from him. Why do you fhake your
head ?
~ N. Becaufe you afk me a queftion which Sir Ifaac
Wewton himfelf could not folve ; although he was the

prince of philofophers.
C3 E. But
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E. But can you give me no idea at all of it ?'

N. 1 could; and a very plain one too, if the ag-
traltive force (the effect of which we call gravity )
alted only according to the furface of the attra&eq
body.

E. Your if implies that it does not : but, if it did{
why thould it decreafe in that proportion ?

N 1 have drawn a figure for your infpection (PLATE
II. Fig. 1.) which indeed is for a quite different pur-
pofe : but it would exa@ly folve your queftion, if gra-
vity adted as all mechanical caufes do ; only on the fu r-
faces of bodies.

Let § be the center of the fun; and §d, Se, § £, S g,
be, as it were, lines of attrallive farca, drawing the
three fquare plates 4, B, and C, toward §. I'ht:(e
fines touch only the four corners of the plates ; but we
may fuppofe the whole {pace within them to be full of
fuch attra@ive lines, laying hold of all the parts, or
points (if you will) of the furface of each plate : and
every particle of matter in each plate requiring an equal
degree of power to draw it equally faft toward the
fun. :

Now, let the plate B be twice as far from the fun’s
center as the plate 4 is; the plate C three times as far,
and the attractive forces equal on each plate, as if the
above mentioned four lines § d, §e, f; and § g, were
four cords, equally ftretched, and pulling all the plates
with equal forces toward §.——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 tltl‘IEB as
much furface as 4 does, and four times as great a quan-
tity of matter, f uppnﬁng it as thick as 4 ; and the plate
C, being three times as broad and three times as long as
A, contains nine times as much furface and matter as A

does, fuppuﬁng it of anequal thicknefs with 4.
| Puppole
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Suppofe now, that the intermediate lines of attra&ion,.
between the four corner lines, are fo 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 only lay hold of every fourth point of the furs
face of B, and of every ninth point of the furface of C ;
fo that, the plate B will want three fourth parts of the
arrraction that would be fufficient to draw it toward §
as faft as the plate 4 is drawn; and C will want
eight ninth parts of the attraction that would be
fufficient to make it move as faft as 4 moves toward S.

E. I fee thisvery well: but, if gravity acs not ac-
cording to the quantity of furface, pray how does it
act?

N. Exai@tly in proportion to the folid contents of
bodics 3 that is, to the quantities of matter they contain,
For, you know, that if you would take the plate C as it
is, and weigh it in a balance ; then take it out, and cut
it in the lines drawn on its furface, by which means you
would divide it into nine {quare pieces : if you then lay
them above one another in the feale, they will be juft
as heavy as they were before, when they lay at each
other’s edges, all in one piece, in the fcale. Or, if you
fuppofe them to be fo cut, and then joined together at
each other’s backs, and put them at the diftance § ¢
from the fun, as before; they will have only a ninth
part of the furface toward the fun as before: and yet,
the fun’s attrative force on them will be juft the
fame. |

E. Then, it feems, there is no way uF accounting for
the manner in which gravity ats, but by refolving ‘it
into the will of the Deity ; feeing that ‘the quantlt}' of
furface has nothing to do in the cafe.

N. Indeed there is not. And, therefore, when I
henceforth fpeak of gravity, I WDuld have you always
underftand, that I do not thereby mean a Caufz; but the
: C 4 effe@
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¢ffeft of a caufe, which we do not comprehend. Be-
fides, you know, that if gravity afted according ta
the furfaces, or bulks of bodies, a cork would be as
heavy as a piece of lead of the fame bulk as the cork.

E. Very true.———DBut as you told me that the
figure we have been looking at, was not intended ta
fhew how gravity alts ; may I enquire what you intend
to teach me by it; as you faid you drew it for me ?

N. It is to fhew, that the light of the fun, or of any
other luminous body, decreafes in proportion as the
fquare of the diftance from the luminous body increafes,
The rays of the fun’s light go out in ftraight lines
from all points of the fun’s furface: and, confe-
quently, the farther they go off from the fun, the
snore they fpread ; and fo they cover the more of the
{urfaces of bodies at the greater diftances,

E. How is it known that light moves in ftraight
lines ?

N. Becaufe, if we endeavour to look at the fun, or
2t a candle, through the bore of a bended pipe, we
cannot fee it ; but through a ftraight pipe we can.

E. Enough, Bmther, pleafe now to explain the
figure,

N. Let § be the fun’s center, and §4, §e, §¢, Sg,
be four rays of light, going out from the fun’s furface
in ftraight lines (in the fame direction as if they pro-
ceeded from his center), and fuppofe the fpace within
thefe rays to be filled with others. Take the diftances
SA, §B, §C, from the fun’s center, fo as § B fhall
be twice as great as § 4, and § C thrice as great. Then,
at the diftance § 4 place the littdle fquare plate 4, on
which all the rays will fall that fill the above-mentioned
fpace at 4. At the diftance § B, place the fquare plate
B ; which being twice as long and twice as broad as the
plate 4, it contains four times as much furface as 4
goes : and if 4 be taken away, all the light that fell

upory



LADY’s ASTRONOMY. 41

mpon it, will fall upon, and cover the whole furface of
B ; which being four times as large in furface as A is,
and having only as much light upon it as A had, every
point of the furface of B can have no more than a
fourth part of the light that fell upon every point of the
furface of 4. And, laftly, at three times the diftance
8 A, place the fquare plate C ; which being three times
as long and three times as broad as the plate 4, it contains
nine times as great a furface : and then, if B be taken
out of the way, fo as to let all the light that fell upon
it go on to the plate C, the light will jult cover the
furface of that plate ; which being nine times as large
as the furface of A, and baving no more light upon it
than A had, ’tis plain, that the light upon every point
of Cis but a pinth part fo ftrong and vivid as it was
upon every point of A,

E. Nothing can be plainer than this : and it follows
of courfe, that at four times the diftance of 4 from the
fun, his light is fixteen times weaker than at A ; at
five times the diftance, it is twenty-five times weaker ;
and fo on. I thank you for making this fo plain,

N. Indeed I deferve none of your thanks for it, I
copied the figure from Do&or Smith’s Optics. That
worthy gentleman was my good old mafter ; and he is
mafter of Trinity College in Cambridge.

E. Seeing that the comparative diftances of all the
planets from the fun are known, I make no doubt but
you can tell me, what the comparative quantities of the
fun’s light on all the planets are.

N. Very eafily.—The fun’s light is feven times as
great on Mercury as on the Earth ; about twice as great
at Venus ; at Mars, it is not half fo great, or ftrong,
as we have it on the Earth ; at Jupiter, pnly a twenty-
eight part fo ftrong as at the Earth ; and at Saturn, is
but about a ninetieth part fo firong as with us.

£. Then,
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E. Then, I fhould be almoft tempted to think,—but
I cannot—will not indulge fuch a thought as that the
Deity is partial : for I cannot imagine the inhabitants of
our earth to be better than thofe of the other planets,
On the contrary, I would fain hope they have not acted
fo abfurdly with refpeé& to him, as we have done.

N. Tell me freely what the thought was that arofe
in your mind, which you are fo willing to {upprefs.—
The Deity is no other way a refpelter of perfons than
that of properly diftinguifhing between the good and the
bad ; and fo rewarding the one, and punithing the other
accordingly,

E. It feemed to me, that the inhabitants of the neareft
planets to the fun muft be blinded by teo much light;
and that thofe of the fartheft planets from the fun muft
be punifhed all their lives, with fo weak a light, as
c¢an be called litcle better than darkne(s.—We could
not bear feven times as much light as we have from the
fun; nor be able to do our work with only a mneueth
part of the light we have,

N. Your refleétion, fifter, is very natural, But, after
afking you two or three plain queftions, I believe I fhall
be able to give you full fatisfadtion on that head.

E. Pray afk them, and I will anfwer them if I
can.

N. After you have been a while out in the fnowy
fireet, can you fee as well to work with your needle
immediately on coming into your room, as you did
before you went out ?

E. No.

- N. Can you bear the ftrong reﬂe&mn of the fun’s
light from the fnow, juft as well when you go out in-
to the ftreet, as. when you have been walking half an
hour in it #

E. No.

N, Can



LADY’s ASTRONOMY. 43

N. Can you give fuch areafon for this as would
fatisfy a philofopher ? For you know that the fnow re-
flects not lefs light for you having been a while walk-
ing init; noris your room a bit the darker for your
having been out of it.

F. 1 with I could, but indeed 1 cannot.

N. Then I will tell you. Our eyes are made
fo, that their pupils (which let in the light, whereby
we fee objelts) dilate when the light is weak, that they
may take in the more of it ; and contra&t when the
light is ftrong, that they may admit the fewer of its
rays,——Whilt you are in your room, the pupils of
your eyes are dilated ; and for that reafon, when
you go out, they take in too much of the light re-
ﬂﬁ&ed from the fnow, which you find is hurtful. Bat
they foon contra& fo, as to admit no more of that
ftrong light than you can eafily bear. And then,
when you come into your room, with the pupils of
your eyes contracted ; the room, being not fo light as
the {treet, appears darker to you than it did before you.
went out: but, in a fhort time, the pupils dilate a-
gain ; and then they let in a fufficient quantity of light
for you to work by.

Now, fuppofing all the other planets to be inhabited
by fuch beings as we are, (though for reafons I fhall
mention afterwards, we cannnot believe they are), if
the pupils of their eyes who live on the planet Mes-
cury are feven times as fmall as ours are, the lighe
will appear no ftronger to them there than it doth to
us here. And if the pupils of their eyes who lve on
Saturn are ninety times as large as ours, (which they
will be, if they are nine times and an half as large in
diameter as ours; and which will appear to be no de-
formity where all are alike, and other forts have nes
ver been feen) the light there will be of the fame

ftrength as it is to our eyes here,m——Pray, Eudo-

fan
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fra, how many full moons, do you think, would there
need to be placed in a clear fky, to afford us moon-
light equal to common day-light, when the fun doth
not fhine out, and 2ll our light is by refle€tion from
the clouds?

E. Indeed I cannot tell : but am apt to think,
that fixty, or an hundred, at moft, would do. For,
when the full moon is not clouded, fhe fhines fo clear,
that I can read by her light.

N. Sixty, or an hundred : I affure you, that you are
greatly miftaken : for it would require ninety thoufand :
and that number would fill the whole of our vifible
fky.
“E. You amaze me! but I know you will not de-
ceive me. Pray, how can you find any method of
comparing moon-light with day-light, fo as to afcer-
tain the great difference between the quantities there-
of ?

N. Have you never obferved the moon pretty high
up in the morning, after the fun was rifen, when
the moon was about three quarters old ?

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

N. And yet, fhe was juft as bright then as fhe is
in the night ; only the fuperior light of the day made
her feem fo much otherwife. Like a candle, which
appears very bright in the night-time ; but fet it in the
ftreet in day-light, and it will feem very dim, although
its real brightnefs is ftill the fame, :

E. T think I could almoft tell what you are to in-
fer from all this ; but will not fpeak, left I fhould be
miftaken again. And therefore I beg you will pro-
eeed, -

N, When
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N. When the fun is hid by clouds, all the ligh
we have is by refle€tion from them, The moon re-
flets the' fun’s light in the night-time, as the clouds
do in the day: and as fhe can refleét no more light
in the day than a fmall bit of a whitifh cloud does, that
covers as much of the fky as the moon covers ; fhe
can refle&® no more in the night, And as the full
moon fills only a ninety-thoufandth part of the fky,
her light is no more than equal to a ninety-thoufandth
part of 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 common day-light at the earth is
Q0,000 times as great as moon-light ; divide go,000
by go, and the quotient will be 1000; which fhews,
that the fun’s light at Saturn is 1000 times as great
as the light of the full moon is to us.

E. 1 fee plainly that it muft be fo Oh'!

N. Why do you figh, Eudsfia ?

E. Becaufe there is not an univerfity for ladies as
well as for gentlemen. Why, Neander, fhould our
fex be kept in total ignorance of any f{cience, which
would make us as much better than we are, as it would
make us wifer ?

N. You are far from being fingular in this refpe&.
I have the pleafure of being acquainted with many
ladies who think as you do. But if fathers would do
juftice to their daughters, brothers to their fifters, and
hufbands to their wives, there would be no occafion
for an univerfity for the ladies ; = becaufe, if
thofe could not inftruét thefe themfclves, they might
find others who could. And the confequence would
be, that the ladies would have a rational way of {pend-
ing their time at home, 2nd would have ne tafte for
the too common and expenfive ways of murdering it,
by going abroad to card-tables, balls, and plays : and
then, how much better wives, mothers, and miftreffes

they
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they would be, is obvious to the common fenfe of
mankind. The misfortune is, there are but few
men who know thefe things : and where that is the
cafe, they think the ladies have no bufinefs with them ;
and very abfurdly imagine becaufe they know nothing
of fcience 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. I am furprifed to hear you talk fo oddly.-
Have you forgot what you told me twe days ago ;
namely, that if you had been proud before, the know-
ledge of Aftronomy, you believed, would make you
humble ?

E. You have caught me napping, as the faying is:
——but [ will not take up more of your time at pre-
fent with digreflions, I remember this morning, to
have heard you mention the light’s geing from one
place to another, as if it took fome time in moving
through open fpace. I know that found does fo ; be-
caufe I have feen the flath of a diftant cannon before
1 heard the noife that it made,

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

E. And do you know with what degree of fwift-
nefs light moves ?

N. Yes; and you fhall foon know teo. 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 and the Sun, the Sun and Jupiter appear op-
pofite to each other in the heavens. And when the
Sun is nearly between us and Jupiter, the Sun and

Jupiter
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Jupiter appear nearly in the fame part of the hea-~
vens.

E. Undoubtedly they muft.

NN. And therefore, when the Sun and Jupiter appear
almoft clofe together, the Earth is almoft the whole
diameter of its orbit farther from Jupiter, than when
it and Jupiter appear oppofite to each other in the
heavens.

E. Certainly,

N. The times when Jupiter’s moons muft be eclip-
fed in his fhadow are eafily calculated ; becaufe, by
telefcopic obfervations, the times in which they go
round him are accurately known : and the apparent
vanithing of thefe moons in the fhadow may be very
well perceived through a telefcope ; or the inftants
when they recover their light again, by the fun’s thin-
ing upon them, at their going out of the fhadow. And
it has been always obferved, fince telefcopes were in-
vented, that thefe eclipfes are feen fixteen minutes foon-
er when the Earth is neareft to Jupiter, than when
it is fartheft from him. So that, if there were two
Earths moving round the fun in the {ame orbit, and
always keeping oppofite to each other ; when one of
them is at its leaft diftance from Jupiter, and the other
at its greateft, an obferver on the neareft would fee the
fame eclipfe fixteen minutes fooner than an obferver
on the fartheft would. Which thews, that light takes
fixteen minutes to move through a fpace equal to the
width or diameter of the Earth’s orbit, which is 190
millions of miles. And, confequently, it muft take
eight minutes of time in coming from the {un to the
earth : as the fun is nearly in the center of the earth’s
orbit : that is, at the half of 190 millions of miles,
or g5 milliens of miles from the earth.

; £. 1 underftand this ;3 but a difficulty rifes in my

mind,
. Only
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N. Only mention it, and I will remove it if I cati:

E. The rays of the fun’s light come dire@ly frody
him to the Earth ; but his rays from Jupiter’s moons
come to us only by refle€tion. Are you fure that re-
flected light moves with the fame velocity that dire
light does ?

N. Thete is no reafon to believe but that it does.
And T imagine, I can very eafily convince you that
it does fo.

If the particles of light did not fly off from the plan-
ets as faft as they came upon them, there would fhill
be an accumulation of light upon them ; which would
make them appear every night brighter and 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. Butare all the rays which the fun darts on any
planet reflected from ity and none of them loft or ab-
Jorbed in the matter of which the planet is compofed ?
Or, if fome of them be abforbed, will not this invalidate
Jyour argument ?

N. Not at all, if the abforbed rays bear a conftant
proportion to the whole number of rays with which the
planet is fucceflively illuminated ; and this muft un-
doubtedly be the cafe : for the fame parts of the planct’s
furface which either refle€t, or abforb the rays that
fall upon them this moment, will be equally difpofed
to reflet or abforb the rays that fall upon them in
the next : and fo the fame proportion between the ab-
forbed and refleéted rays, or between them and the whole
guantity of light thrown on the planet, will be con
tinually preferved.

E. But what if fome parts of the planet’s furface
be more hardened by drought, or foftened by wet, as
on our carth; or be in any other refpeé more dif-

pofed
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pofed, etther to reflet, or abforb the Sun’s rays at
fome times than at others ; would not this vary the
proportion you have mentioned ?

N. If we may judge of this from our own globe,
where the contrary qualities of drought and wet, hard-
nefs and foftnefs, fmoothnefs and roughnefs of fome
parts of its furface, o far as they refult from any al-
teration of weather, &c. if taken upon an average for
a whole year, or other given time, and throughout any
half of the Earth’s furface ; they will, very nearly, if
not exaltly, balance each other. The fame may be
therefore fuppoled to hold good in the other planetary
worlds ; and f{o the proportion before mentioned will
not be f{enfibly altered.

E. You have quite removed my difficulty, bro-
ther; 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 compute it: for you taught
me not ouly the four common rules of arithmetic be-
fore you went to the upiverfity, buteven the rule of
three. The Sun’s diftance fromn the Earth is g5 milli-
ons of miles, in round numbers; and light moveg
through that fpace in 8 minutes of time ; divide, therc-
fore, 95,000,000 by 8, and the quoticnt is £1,875,000,
for the number of miles that light moves in a minute,
Now I remember that you told me, a cancon ball
moves at the rate of 480 miles in an hour, which is 8
milesin a minute ; I therefore di ide 11,875,000 by 8,
and the quotient is 1,484,375; fo thac light moves
more than a million of times as {wift 2s 2 cannon-
badd. Amazing indeed !

N. Itis (o :m——And now I will t¢ll you fomething
which is full as amazing.

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

ANt 3
Alinighty i :
B N Far



50 The YOUNG GENTLEMAN ami *

N. Far from it: I only mean the inconceiveabic
fmallnefs of the particles of light.

E, And how do you know that they are fo inconceive-
able fmall ?

N. The force with whiclt a body firikes any obftacle,
is direétly in proportion to the guantity of matter in the
body, multiplied by the velocity with which it moves.
And confequently, as the volocity of light isy in round
numbers, a million of times as great as the velocity of
a eannon-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 light,
than we could to have fand fhot point blank againft them
from a great canmnon.

Another way of proving that the particles of light are
fo fmall as to exceed all humanm comprehenfion, is this ;
Let a lighted candle be fet on the top of a fpire fteeple,
w1 the night-time, and there will be a very large fpheri-
cal fpace filled with the light of the candle before a grain
of the tallow be confumed ; and as #hat grain of tallow
is divided inte o many particles, as fill all the fpace in
which the light is diffufed, can you poffibly imagine how
{mall the partickes are into which it is fo divided ?

E. Indeed I can form no idea thereof.

"N, A very good eomputift has found, that the parti-
cles of blood of thofe animals which can onfy be feen
by means of a microfcope, are as much fmaller than a
globe whofe diameter is only a tenth part of an inch, as
that {mall globe is lefs than the whole earth. And yet,
that their particles of blood are like mountains to 2 grain
of fand, when compared with the particles of light.

E. 1 am glad to hear our breakfaft-bell : — for, if I
fhould hear more of thefe fuhje&s at prefent, I know
not but that 1 thoyld, for fome time, lofe the power ﬂ'f
:hmkmg

X : . 1
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N. 1had juft done with the fubje& of light; but am
forry to hear that you muft go from home, for a few
daysy on a vifit. However; during your abfence, I in-
tend to draw out two or three figures, in order to defcribe
the late tranfit of Venus to yoii by them ; and give you
forme idea of the method by which the diftances of the
planets from the Sun were found, by obfervations made
on that tranfit. . |

E. I am very much obliged to you, Sir, for the trou-
ble you have taken, and are to take further, on my ac-
count : and fhall return as foon as poffible.~You know
I could not refufe Mifs Goedall’s invitation.

D2 DIALOGUE _
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D-f oA i Q-G U~E 1V,

Qn the Tranfit of VENUS, Fune 6tb, 1761 ; and
bow the diftances of the PLANETS from the
SUN avere found thereby.

Neander.

E AR Sifter, I am very glad to fee you again :
I fuppofe you found Mr. and Mrs, Geodall, and
their daughters, to be very agreeable company.

Eudsfia. Quite fo, and I have fpent three days very
}lhpp:ly with them,

N. It was very obli ging m Mr. Geodall and Mifs Sapir‘r
to ﬁ:: you fafe home,

£. They would do it, for alf that T could fa}- . even
though I told them, that the fervant who was fent for
me was yery careful,

N. Mr, Goedall and I fpent an hcur together l.{t
night : and though he was full of his praifes of ycur
good fenfe, he did not fd}f one word about our 2 ‘mr
mical converfations ; by which, I imagine, you f

D 3 .; '.:-"i-}'_iﬂ_---.:
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nothing about them in that family. Yet I am far from
doubting, that it would have been very agreeable if you
had.

E. Truly, brother, if I had, you muft have heard
of it : and then I fhould not have wondered if you had
faid that [ am not over-ftocked with good fenfe. I muft
know thefe things better before I begin to fpeak of
them™; and even then, not to fpeak, unlefs I am dﬂfrr:ci
by thofe to whom I think the fubject will be entertain-
ang. You told me, the mc—rning‘ll went away, that our
next converfation fhould be on the tranfit of Venus ;
and how the diftances of the planets from the Sun were
found thereby,

N. And to thew you that I have not forgot my pro-
mife, here are the fgures which 1 told you I would
draw out for that purpofe. [See PLATE II, Fig. 2.
and 3. and PLATE 111, Fig. 1.] Buta in thefe deli-
neations, we muft often facrifice one truth to explain
another : and in the prefent cafc it is unavmdable Fnr,
if we were to make the bulks of the planets in our fi-
gure no greater than they are in proportion to their di-
ftances from the Sun, the p!anets would be mere points ;
and a large fheet of paper would be too fmall for the
lengths of the Imes of diftances. So that, in order to
make the prefent fubje&t plain, we muft enlarge the pla-—
nets, and contraét their diftances from the Sun; other-
wife, we could not, at prefent, render the effeéts intel-
ligible which arife from fome'of the planetary motions.

E. Very well, brother : pleafe to proceed.

N. Thediameter of the Earth is no more than a point
in comparifon of its diftance from the Sun ; ; and there-
fore, if the Sun were viewed, at the fame inftant, by
two obfervers on oppofite ﬁdes of the Earth, his center
would appear to both of them to be in the fame point
of the heavens. But, when Venus is between the Earth
aind the Sun, (as fhe was at thc time of her late tran-
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fit) her diftance from the Earth is between three and
four times lefs than the Sun’s diftance from the Earth.
And therefore, if Venus be then viewed by two obfer-
vers on the Earth, who are at a great diftance from one
another, fhe will appear to each of them, at the fame
inftant, to be on differeat parts of the Sun’s furface.—
Thus, in Fig, 2. of PLATE [l, let § be the Spn, V
Venus, and A B D E the Earth. Let one obferver be
at 4, another at B, and a third at DD ; all looking at
Venus at the fame moment of abfolute time. To the
obferver at 4, Venus (/) will appear upos the Sun at
F, as fhe is feen in the right line 4/ £ : to the ob-
ferver at B, fhe will appear upon the Syn at G, being
feen by him in the right line B /G : and to the obfer-
ver at D, Venus will app-ar upon the Sun at H, be-
caufe he fees the planet in the richt line DV H, Or,
if you will fuppofe Venus to be at reft at /, during
the time that the obferver at £ is carried, by the Earth’s
motion on its axis, from A to D, through the arc /BD ;
’tis plain, that, to this obferver, the planet J will ap-
pear to have moved on the Sun from F to i, through
the fpace F G H.

Let us now fuppofe, that the Earth abd¢ Fig. 3.}
3s nearer the Sun s than as reprefented in Fig, 2, in
which cafe, Venus v will be proportionahly nearer the
Earth ; and the arc a & d, through which the obferver
is carried, will bear a greater proportion to the diftance
of Venus v from the Earth, in Fig. 3. than the fame arc
AB D (in Fig. 2.) bears to the diftance of Venus
from the Earth, So thar, if one obferver fhould be
placed at @, another at 4, and a third at ¢, the oberyer
at @ would fee Venus on the Sun at £, the pbfesver at &
would fee her on the Sun at g, and the obferver st d
would fee her on the Sun at b, all at the fame inftant
of time. Or, if Venus kept at reft at v, whilft the
pbferver at @ was carried from @ o 4 by the Earth’s

: D4 metion ;
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motion ; Venus would, in that time, appear to him
to have moved from f to b on the Sun. But the fpace
fg by in Fig. 3. is longer than the fpace ¥ G H in Fig. 2.
and therefore, the nearer the Earth is to the Sun, the
sreater will the fpace be through which Venus appears
to move upon the Sun, by the obferver’s real motion
along with the Earth, in any given time: and the far-
ther the Earth is from the Sun, the lefls will the fpace
be through which Venus appears to move upon the
Sun, by the obferver’s real motion, in the fame time.

And, confequently, as Venus is really moving on in
her orbity in the dire¢tion of T F I7, (in Fig. 2.} or
tvw (in Fig. 3.) whilft the pbferver is carried by the
Farth’s motion on its axis from A to D, or from a tod;
tis plain, that Venus will appear to move fooner over
the Sun, if the Earth’s diftance from the Sun be only
bw s, (asin Fig. 3.) thanifitbe BV S, (asin Fig. 2.)
So that, the whole duratipn of her tranfit over the Sun
muft be fhorter, if the Earth’s diftance from the Sun be
enly & @ s, than if it be greater, as BV S, Da
you underftand this, Eudsfia ?

E. 1 think it is fo plain, that any body might under-
fland it.

N. Then, we have done with thefe figures, and
thall proceed to Fig. 1. of PLATE III, in which, let
a b ¢ d abe the Earth, 7 Venus, and S the Sun. The
Farth turns eaftward on its axis, in the direCtionz bed;
and Venus moves in her orbit in the direétion £ /e,

Now, fuppofe the Earth to be tranfparent like glafs,
and that you were placed at its center C, and kept look-
ing at the Sun S, during the time in which Venus
moves in her orbit from F to f, through the fpace
FGVgf:in this cafe, the Earth’s motion on its axis
@ould have no effe on your pofition, becaufe it could
mot carry you any way from C. Then, when Venus
was at Fin ber arbit, fhe would appear to you as at X,

il jugt
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juft within the Sun’s furface, touching his eaftern edge
at K ; that is, at her frft internal conta& with the
Sun’s eaftern edge. As fhe moves on, from F to £ in
her orbit, fhe would appear to you to move on the Sun,
from K to L, in the line X # L, which is called the /isr
of ber tranfit ever the Sun. And when fhe was at fin
- ‘her orbit, fhe would appear at L on the Sun, juft begin-
ning to leave his weftern edge, or at her laft internal
contact with the Sun. Now, pleafe to remember, thatif
Venus could be feen from the Earth’s center C, fhe
would move from F to f in her orbit, in the time that
fhe would appear to move from K to L on the Sun; or
from her firlt internal contaét to her laft.

F. A bare infpection of the figure fhews it : for,
when Venus is at F in her orbit, fhe would appear jaft
within the Sun at K; becaufe then, as viewed from the
Earth’s center C, fhe would be feen in the ftraight line
C F K 5 and when fhe came to fin her orbit, fhe would
feem juft beginning to leave the Sun at L, becaufe fhe
would be feen in the ftraight line C /L.

N. Very well.—Now let us fuppofe, that an obfer-
ver is placed on the Earth’s furface at a ; and that he
is carried from a to 4, by the Earth’s motion on its axis,
in the time that Venus moves in her orbit from F to f.

When Venus is at F, fhe appears at K on the Sun,
as feen from the Earth’s center C; but to the obferver
at @ the will not appear to be then entered upon the
Sun; becaufe (if fhe were then vifible in the fky) fhe
would be feen in the line 4 F H, eaftward from the Sun;
and muft move on from Fto G in her orbit, before
the obferver at @ can fee her on the Sun at X, in the
right line a GK. So that her tranfit will begin as much
later to the obferver ata, than it does to the obferver at
C, as fhe is in moving from F to G in her orbit.’

When Venus comes to g in her orbit, the obferver
will be carried by the Earth’s motion almoit from a4 ;

and
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and then he will fee her in the line ¢ £ L, juft begin-
ning to leave the Sun at L; but fhe muft move on

4 from g to f in her orbit, before fhe begins to leave the

Sun at L, as feen from the Earth’s center €, in the
right (or ﬁrmaht) line C f L ; and then, to the obfer-
ver at by he will appear quite clear of the Sun to the
Weft, in thedine B f 1. So that the whole duration of

the tranfit ﬁ:’K to L on the Sun, will be fhorter,

-as feen by the obferver in motion from ¢ to ¢, than

as feen by the (fuppofed) obferver at reft at the Earth’s
center C. For, to the former, fhe will move only
from G to g in her orbit, during the time fhe appears
to move from K to L on the Sun : whereas, to the
latter, fhe muft move from Fto £ in her orbit, in the
time fhe appears to pafs over the Sun from K to L.

The nearey the Earth is to the Sun, the greater will
the difference of the durations of the tranfit be, from
K to L on the Sun, as feen from the Earth’s furface
and from its center : and the farther the Earth is from
the Sun, the lefs will the difference between the dura-
tions of the tranfit be, as feen from the Earth’s furface
and from its center, accordingly.

E. Certainly fo, by what you already told me in your
m;p]anatmn of the fecond and third ﬁgures of the fecond
Plate. For, the nearer the Earth is to the Sun, the
nearer alfo, in proportion, it muft be to Venus, and the
farther it is from the Sun, the farther alfo it muft be from
Venus. Sothat the fpace through which the obferver is
carried by the Earth’s motion, from ato b, (PLATE III.
Fig. 1.) will beara greater proportion to the diftance of
Vcnua from theEarth in the former cafe than in the latter :

‘and fo, will affe@ the times of durations of the tranfit,

as feen from the Earth’s center and from its furface,
accurdmg‘.ly ———But I fhould be glad to know, why
you fuppofe an obferver fo be placed at the Earth’s cen-
A i 2
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ger, as it is a thmg impoffible to be done : and if he
was there, he could neither fee the Sun nor Ve-
nus.

N. Becaufe the motions of the planets are calculated
in the aftronomical tables, as if feen by an obferver at
reft. And as the apparent breadth of the Sun is known,
and the time of Venus’s going round the Sun is allo
known ; the time of her appearing to move through 2
{pace equal to the Sun’s breadth, as feen by an obferver
at reft, is eafily calculated, ﬂnd is the fame as would
be obferyed by a perfon placed at reft at the center of
the Earth. And then, at all kinds of diftance of the
Earth from the Sun, itis eafy to calculate how much
the duration of the tranfit would be fhortened by the
motion of an obferver on the Earth's furface, on the
ﬂde of the Earth next to Venus, and who is then mov-
ing in a contrary diretion to the motion of Venus in
her orbit, than 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 wh:ch cafe
the obferver on the furface would be at reft. But as
that obferver is really in motion with the Earth, when
the duration of the tranfit is obferved by him, and,
cunfequent]y, knpwn how much fhorter it appeared ta
him, than it would have done if he had been at reft ;
the diftance of the Earth from the Sun may thereby be
found : which, as I told you already, is thereupon
gomputed to be 95,173,000 Englith miles.

E. The diftance of the Earth from the Sun, in miles,
being known ; I fhould be glad to know how you find
the diftances of all the other plancts from the Sun. For
we cannot fend people from the Earth to thofe planets,
to obferve tranfits.

N 1 m]d you already, in our fecond dialogue, that
ﬂ}c rg]ame or comFmauve dlﬁanccs of all the planeu

frum
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from the Sun are known long ago, both by the ftated
taws of nature, and by obfervation ; and that they are
as follows.

If we fuppofe the Earth’s diftance from the Sun te
be divided into 100,000 equal parts, (let thefe parts
contain how many miles they will) Mercury’s diftance
from the Sun muft be equal to 38,710 of thefe parts ;
Venus’s diftance, 72,333 ; Mars’s diftance, 152,369 ;
Jupiter’s, 520,096 ; and Saturn’s diftance, gg4,006.

Now, as the Number of miles is in proportion to
the number of parts, and the 100,200 parts, by which the
Earth is diftant from the Sun, contain 95,173,0c0
miles ; we fay, by the rule of three, as 100,000 parts
are to 95,173,000 miles ; fo are 38,710, Mercury’s di-
ftance from the Sun in parts, to 36,841,468, his diftance
from the Sun in miles, So are 72,333, Venus’s di-
ftance from the Sun in parts, to 68,891,486, her diftance
from the Sun in miles. So likewife are 152,369, Mars’s.
diftance from the Sun in parts, to 145,014,148, his
diftance from the Sun in miles. And fo are 520,096,
Jupiter's diftance from the Sun in parts, to 494,990,976,
his diftance from the Sun in miles. And laftly, (car-
rving on the proportions) fo are 954,006, Saturn’s di-
ftance from the Sun in parts, to 907,956,130, his di-
{tance from the Sun in miles.

£. 1 thank you, brother, for having explained the
whole of this matter fo much to my fatisfaétion. But
I have heard that the late tranfit was obferved by peo-
ple at very different parts of the Karth Pray did
vou find, that all the obfervations (as you got accounts
of them) agreed fo well, as to give all the fame con-
clufion.

N. I cannot fay they did, fo nearly as we could with ;
which might have been owing to two caufes. F:rﬁ
that the differences of longitude (as it is mHEd) between
many places where thn:-f::: obfervations were made, are

Rot
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not yet well afcertained : and fecondly, that all the ob-
fervers did not ufe telefcopes of an equal magnifying
power, which they fhould have agreced to do before-
hand. And undoubtedly, they who ufed the highett
magnifying telefcopes, could more accurately determine
the inftants of Venus’s two internal contalls with the
Sun, than thofe could who ufed {maller magnifying te-
lefcopes. But ’tis to be hoped, that all proper care will
be taken, in obferving the tranfit on the third of June,
" 1769. And aftronomers will do well to make the moft
and beft of it they can ; as there will not be another
tranfit in lefs than 105 years afterward.

E. How can that be i=—For as the Earth goes round
the Sun in a year, and Venus in 225 days ; I fhouid
think, that Venus would pafs between the Earth and
the Sun once every two years at moft.

N. So the would, once in every §84 days, if her or-
bit lay in the 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 cf the Earth’s orbit ; and the other half on the
South-fide of it: fo that, her orbit only crofles the
Earth’s orbit in two oppofite points, And therefore,
Venus can only pafs direély between the Earth and the
Sun, when, at the times of her conjunctions with the
Sun, fhe is either in or near one or other of thofe points.
At all other times, fhe either pafles above or below the
Sun, and is then invifible; on account of her dark fide
being toward the Earth, But its being fo alfo, at the
time of her late tranfit, made her very confpicuous on
the Sun, like a black patch on 2 circular piece of white
paper. At her laft traniit, fhe pafled below the Sun’s
center, about a third part of the Sun’s breadth ; and at
her next, the will pafs as far above it.

Ei:l
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~E. T undetftand this -thoroughly ——=~Bur, I-think;
‘there are fome lines in the figure (PLATLE I1l. Fig. 1:)
which you have not yet explained..
" N. Then, fhew me them, and [ will.
E. They are the lines N£E K andne L.

N. True: 1 had almoft forgot thems & uppoﬂ- ari
obferver at N, on the fide of the Earth fartheft ﬁ‘t}ﬂl
Venus; to be carried from N to n, in the fame direc-
tion with Vents’s moticn in her orbit from £ to o,
in the fame time that an obferver at a is carried from
a to b, in a contrary dire€tion to the motion of Venus
in her orbit : the duration of the tranfit will be longer;
as feen by the obferver who is carried from N to 71y than
it would be to an obferver at reft at the Earth’s center
C. For, when Venus is in her orbit at E, fhe w:[l ap-
pear upon the Sun at K, as feen from Nin the right
‘line N E K ; but fhe muft go on from E to F before
the can be feen from ‘C, ‘upon the Sun, in the nght
tine C F K : and, as feen from C; in the right line
C f L, the will appear as juft beginnifiz to leave the Sun,
at L, when fhe is at £in ber orbit, But' fhe muft move on,
from £ to ¢, before the can appear as hEginning- to leave
the Sun when feen by the obferver at #, who is carned
from N to # by the Earth’s motion on its axis, in the time
of Venus’s moving from E to ¢ in her orbit. So that
the vifible duration of the tranfit will be longer as fc:n
by an obferver who is carr ied from Nto 7, then 1twuuld
be to an obferver at reft ; and ﬂ'lOI‘tEl', as feen by an
obferver who is carried from aw 5. And the d:lﬁ'erencc
between thefe vifible durations will be of greater advan-
“tage towards finding the Earth’s diftance from: the Sun,
than what could be gained ﬂn]y from obfervations made
‘onthe fide of the Earth which is neareft to Vcnus, dur-

ing the time of her tranfit.

E Pray, who was it that firft thought of this me-
thod of finding the diftances of the planets from the
Sun ? 1 imagine he muft have been a very great aftro-

NQIIET. N. He
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N. He was fo indeed ; the man who firft propofed
this method was the great Doétor HALLEY: And as
he was morally certain, that; according to the common
courfe of nature, he could not live to fee that tranfit ;
he moft earneftly recommended it to future altronomers,
that they might obferve it when he was dead. And, in
order to furnith them with all proper information, he
gave in a paper on the fubjet to the Royal Society ;
which paper was, foon after, publifhed in the Philofo-
phical Tranfadtions,

SED
@
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On the method of finding LATITUDES
and LONGITUDES of PLacEs.

Neander,

OOD-morrow, fifter :~—you have been later than
ufual of eoming this morning.~~What’s the
matter ! You look pale.

Eudsfia. 1 was taken ill, laft night about
twelve, of an afthma, which frightened me, as I never
was fo before; and kept me awake till five o’clock
this morning. Then it left me, and L fell afleep, and
have quite over-fleeped my timej for now it is eight
o’clock. !

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 eléCtuary of ho-

E NEY,

-
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ney, powder of liquorice, of elecampane, feeds of anife,
and flower of {ulphur; which is exceeding good for
that diforder, and has cured many of it.

"+ E. T was loath to furprize any body in the night,
efpecially as the afthma did not continue long violent.
‘== ] raifed my head a good deal ; fo it left me gradual-
dy ; and now I feel nothing of it,

N. I am very glad of that.—But I think it would be
quite wrong to enter upon any fuch fubje& this morn-
ing, as we have already been about, And therefore,
I hope you do not come now with an}r fuch in-
tention.

* E. Indeed I do, if-it were but to takc off my
drowfinefs: and I feel no other ailment at prefent.

N. Well then ;~—with what fubjeét fhall I entertain

you this morning ?
* '£. 1 beard you yefterday, for the firft time, mention
the Longitudes of places. But as I fcarce know. what either
Lorgitude or Latitude means, I fhould be glad to know :
efpecially as we have heard fo much lately about finding
the Longitude. And as I never heard of any difficulty
about finding the Latitude, I imagine, the latter is much
more eafily found than the former.

N. It is fo indeed, fifter. -

. &£. What is the reafon of that ?——But I believe my
queftion is premature : for I fhould have afked firft, what
thofe tetms mean ?

N. Right, Eudofia; and now 1 will inform you.
Every circle, be it great or f{mall, is divided
( or fuppofed to be divided ) into 360 equal parts,
called Degrees.  Now, if we take a great circle
round the Earth, which divides the Earth into twe
equal parts, every degree of that circle cpntains
69" Englifh miles: asis the cafe with the degrees of the
equator, and nearly fo with thofe of a great circle taken
round the Earth, through the North and South poles.

The
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The Latitude of a place is the number of degrees
that the place is from the Equator, towards the North
or South pole: and is denominated Nerth or South, as
the given place is on the North or South fide of the E-
quator,— Lhus in the little globe, (Fig, 1. of PLATE
L.) all the places in the northern hemifphire, 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 g0
degrees, or a fourth part of 360, the whole circumfer-
ence 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 Earth turns round its
axis, which terminates in its North and South poles,
every point of its furface is carried round in 24 hours,
except its poles, which are at reft. This motion of
“the Earth will caufe an apparent motion of every point
of the heaven, in a diretion contrary to the Earth's
motion, excepting its poles, which appear always at reft ;
becaufe they are diretly over the poles of the Farth,
which are at reft. ;

E. May I put in 2 word juft now, before you proceed
farther ?

N, Why not,

E. I fhould think, that the poles of the Heaven
would change among the ftars, on account of the Earth’s
motion round the Sun in a year. For, undoubtedly,
if the Earth’s axis (or line on which it turns round every
24 hours) were produced to the Heaven, it would de-
{cribe a circle therein, equal in diameter to that of its
whole orbit ; which you have already told me, is 190
millions of miles.

E 2 N. And
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N. And fo it does.~But if it thould, by its track,
make as dark a circle in the Heaven, as can be made
with ink by a pair of compafles on paper ; the diftance
“of the ftarry Heaven is fo great from us, that a circle
therein of 190 millions of miles in diameter, would not
appear fo big to us as the fmalleft dott you can poflibly
make witha fine pen upon paper. Which thews, that if the
Earth were as big as would fill its whole orbit, it would
“appear nobigger than a dimenfionlefs point, if feen from
the ftars. For, notwithftanding the Earth’s conftamly
changing its place in its orbit, the poles of the Heaven
could never be perceived to change their places, a fingle
vifible point, even when obferved with the niceft in-
ftruments. And therefore, we always confider the
poles of the Heaven to be fixed points ; and te kceP COR-
ttantly juft over the poles of the Earth.

E. You have fatisfied me entirely on this head ; and
at the fame time, convinced me, that the diftance of
the ftars muft be incﬂnccivably great. Now, pleafe to
proceed. ]

N. Now, let us fuppofe a great circle to be drawn
round the Heaven, through its North and South poles,
and to be divided into 360 degrees, like a circle drawn
round the Earth threugh its North and South poles,

As the Earth is but a point in comparifon to the dif-
tance of the ftarry Heaven; let us be on what part of the
Earth we will, we fee juft one half of the Heaven, if
‘the herizon, or limit of our view all around, be not
intercepted by hills. And as the poles of the Heaven
are dire€tly over the poles of the Earth; fo the equi-
noc¢tial in the Heaven is directly over the Earth’s equator,
all around.

Now, as the Earth is round, and the Heaven appears
to us to be round like the concave furface of a great
fphere or hollow globe ; *tis plain, that if we were at
the Earth’s equator, the equinoctial in the Heaven

would
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would be over our heads; and the North and South
points, or poles of the Heaven, would appear to be in
the North and South points of our horizon, or limit of
view. But if we go one degree from the equator, to-
wards either the North or South pole of the Earth, the
like pole of the Heaven would appear to be one degree
elevated above our horizon, becaufe 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 twodegrees from the equator,
the pole will appear to be two degrees elevated above our
horizon ; and o on, till we go to either of the Earth’s
poles, ga degrees from the equator ; and then, the like
pole of the Heaven would be juft over our head, or go
degrees above our horizon; which is the greateft ele-
vation 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
517 degrees above the horizon ; which fhews, that Lon-
don has 51% degrees of North Latitude from the equator.

And as Latitude begins at the equator, the places
thereon have no Latitude at all,

E. But how can you tell by what number of degrees
the pole is elevated ! for there is no vifible circle in the
Heaven divided into degrees, to reckon by.

N. But we have an inftrument called a Quadrant,
which is a quarter of a circle, drawn on a plate of me-
tal, and divided into go degrees; and it has a plumb
-line with a weight hanging from its center, which line
always hangs towards the Earth’s center, when allowed
to hang freely. And if we look at the pole along one
of the ftraight edges of the quadrant, the other edge
will be as many degrees from the plumb line, as are

equal to the number of degrees of the pole’s elevation
| E g3 above
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above the horizon of our place.—And, by that means,
the elevation of the pole, and confequently the Lati-
tude of the place is known,

E. Is there a ftar fixed exaclly in the North pole,
by which means you can know by fight where that
pole is?

N. No: but there is a ftar of the fecond magnitude,
about two degrees from the North pole, and it is called
the pole flar. 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 to de-
fcribe a circle, of four degrees diameter, round the pole
it felf, every 24 hours. And therefore, if we fubtraét
two degrees from the greateft obferved height of the
pole ftar, or add two degrees to the leaft obferved height
thereof ; the refult gives the elevation of the pole at the
place of obfervation, '

As the North pole is elevated 513 degrees above the
horizon of London; all thofe ftars which are with-
in §13 of that pole never fet below the horizon of Lon-
don. And therefore, if the greateft and leaflt altitudes
of any of thefe ftars be taken with a quadrant, half the
difference of thefe alritudes being added to the leaft, or
{ubtralted from the greateft, gives the elevation of the
pole above the herizon,

And thus, we can very eaiily and accurately find the
Latitude of any place, LUy means of any ftar which ne-
ver fets below the horizon of that place.

The Latitude of any place may aifo be found by the
Sun’s altitude at noon, on any day of the year, quite
independent of the ftars. — I will firft endeavour to
fhcw you the reafon of this, and then fhew you the
method. '

The Equinoétial in the Heaven is dire&ly over the
Equator on the Earth. And jult as many degrees as
the Latitude of any given place is from the Equator,
o . x o
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fo many degrees is the point of the heaven, which is
over the place, from the equino&izl, Confequently,
it we can find how many degrees the point of the Hea-
ven, which is directly over our place, is from the E-
quinoctial, we thereby find how many degrees our place
is from the Equator ; or our Latitude.

T'he Sun is in the Equinoctial twice everyyear ; namely,
on the 20th of March, and 23d of September; and then
he is diretly over the Earth’s Equator. From the 2¢th
of March to the 23d of September, the Sun is on the
North-fide of the Equino&ial, and from the 23d of
September to the 2oth of March, he 1s on the South-
fide of it. ‘The number of degrees that the fun is from
the Equino&ial, on any day of the year, is called the
Sun’s Declination for that day ; and is denominated
North or Ssuth, as the fun is on the North or South
fide of the Equinoétial, So that, Declinarion in the
Heaven, is the fame as Latitude on the Earth,

There are tables, ready calculated, which fhew
what the Sun’s declination is, at the noon of every day
of the year; as it is North or South on that day.
And the point of the heaven which is directly over
any place, is go degices above the horizon of that
place,

Now, to find the Latitude of the place, as fuppofe
London, which is on the North fide of the Equator ;
obferve the Sun’s altitude at noon, by means of a qua-
drant, on any day of the year: and then, if, by the
tables, you find the Sun’s declination to be North on
that day, fubftract the declination from the Sun’s me-
ridian altitude, (that is from his height at mid-day, as
found by the quadrant) and the remainder will be the
height of the equinoctial ; which height being fubftrac-
ed from go degrees, will give the Latitude of the
place,

E 4 Thus;
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Thus, on the 21ft of June, the tables fhew us, that
the Sun’s declination is 23 ; degrees north; and if
the Sun’s altitude be obferved with a quadrant on the
noon of that day, the altitude will be found to be juit
62 degrees. Now, fubftra& 23 3 degrees from 62,
and the remainder will be 33 degrees for the height or
elevation of the higheit point of the Equinoétial abov;:
the horizon of London ; which hmght being fubftracted
from go degrees, leaves remaining 51 * degrees for the
Latitude of London,

If the Sun’s declination be South, add its quantity to
the Sun’s obferved altitude at noon, and the fum will
be the elevation of the higheft point of the equino&tial
above the horizon of the place ; which elevation being
{ubftralted from go degrees, will leave a remainder e-
qual to the Latitude of the place.

Thus, on the 21t of December, the table fhews
us, that the Sun’s declination is 237 degrees South :
and if his altitude at noon be taken at London on that
day by a quadrant, it will be ﬁ}und to be juft 15 de-
grees ; which hemg added to 273 ; degrees Snuth decli-
nation, gives 38 7 degrees for he height of the equi-
nottial, which height being fubftracted from go de-
grees, leaves 513 remaining, for the Latitude of Lon-
don, as before, — Do you underftand all this
Eudofia ¥

E. T think T do, on acrount of the reafons you have
given for the procefs. But I will confider it by and
by ; and then tell you if I find any difficulty.

V. Do fo: and now we will talk about the Lon-
gitude. The curve lines which you fee drawn on the
globe, from pole to pole (PLATE 1. Fig. 1.) are
called AMeridians ; and each of them is a meridian to
every place through which it pafles; becaufe when it
comes even with the Sun, by the turning of the globe
#n it axis, the Sun iy then at the greateft height, as

feen
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feen from all places on that meridian ; and confequently,
it is then mid-day or noon to each of them,———There
are only 24 meridian femicircles on the globe, at equal
diftances from each other; but we may fuppofe the
whole fpaces between them to be filled up with other
fuch 'meridians, becaufe every place, which is ever fo
lictle to the Eaft or Weft from the meridian of any
given place, has a different meridian from that of the
given place.
The whole circumference of the Equator is divided
into 360 equal parts or degrees: and the Englifh aftro-
nomers and geographers begin (what they call) the
Longitude, at the meridian of London, and thence
reckon the Longitudes of other places to the Eaft or
Weft, as the meridians of thofe places lie Eaft or Weft
from the meridian of London. So that, the Longi-
tude of any place, Eaft or Weft of the meridian of
London, is equal to the number of degrees intercepted
between the meridian of that place and the meridian of
London ; according to the Englith way of reckoning.
Thus, a meridian drawn through Copenbagen, in Den-
mark, would cut the Equator 13 degrees eaftward of
that point where the meridian of London cuts it 5 and
a ‘meridian drawn through Philadelphia, in North A-
merica, would cut the Equator 74 degrees weftward
of the point where the meridian of London cuts it :
and therefore, we fay, the Longitude of Copenbagen is
13 degrees Eaft from the meridian of London (which
is termed the firf} meridian by the Englith) and the
Longitude of Philadelphia is 74 degrees Wett,
All people, who know what Latitude and Longitude
mean, reckon Latitude to begin at the Equator, that
“they may find the Latitude by the elevation of the pole
above the horizon. But, as they may begin the
Longitude at the meridian of any place; I fuppofe
moft nations reckon the Longitude of all other places

' from
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from the meridian of the principal city of their own
kingdom or nation,

E. Why is it fo difficult a2 matter to find the Lon-
gitude of any place, from the merilian of any other
place, in comparifon of finding the Latitude ?

N. Becaule we have a fixt point, or pole, in the
heaven, which thews us our Latitude by its elevation
above the horizon of our place : but there is no vifible
meridian in the Heaven, to keep directly over the me-
ridian of any place on the Earth. If there were
{uch a meridian, the Longitudes of all ather places from
it might be as eafily found, by its elevation above their
horizons, as their Latitudes are found by the elevation
of the pole, or by the declination of the Sun from the
Equator.

E. I underftand you perfeétly well. But, pray,
what are the beft methods that have been yet propofed
for finding the Longitude ?

N. The beft method, in theory, is by 2 machine that
will meafure time exaétly, fo as to go as true at fea, as
a good clock does on Jand,

E. Pleafe to explain this.

N. The Earth’s circumference is 360 degrees; and
as it turns round its axis eaftward every 24 hours, it
turns 15 degrees every hour : for, 24 times 15 is 360.
T herefore, every place whofe meridian is 15 degrees Eaft
of the meridian of London, will have noon, and every
other hour, one hour foener than it is fo at the meridian
of London. Every place whofe meridian is 30 degrees
eaftward of the meridian of London, will have noon,
and every other hour, two hours fooner than it is fo at
the meridian of Londen ; and fo on : the time always
differing one hour for every 15 degrees of Longitude.
On the contrary, every place whofe meridian is 15 de-
grees Weft from the meridian of London, will have
moon, and every other hour, one hour later than it is fo

at
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at the meridian of London; and every place whofe me-
ridian is 30 degrees Welt from the meridian of London,
will have noon, and every other hour, two hours later
than it is fo at the meridian of London; and fo on.

E Although this fcems plain, I fhould be glad to
have it illuitrated by a figure.

N. And here is one (Fig, 2. of PLATE IIl.) ready
for you ; in which, let § be the Sunabedef, &c. the
Earth, turning eaftward round its axis, in 24 hours,
according to the ord:r of the letters, Let P be the
North pole of the Earth, andaP, b P, ¢ P, d P, &c.
be as much of 24 meridian femicircles as can be {hewn
in the figure, at rg degrees diftance from each other ;
and fuppofe a P to be the meridian of London,

Then, whichever fide of the Earth is at any time
turned toward the {un, it will be day on that fide, and
night on the other; as exprefled by the /ight and fhaded
parts of the Earth in the figure, And, as it muft be XII
o'clock at noon on any meridian which is turned toward
the fun, at any moment of abfolute time, becaufe that
meridian will then be in the middle of the enlightened
half of the Earth, as on the meridian P 2 ; it is plain
that it will be twelve o’clock at night, at the fame in-
ftant, 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 me-
ridian g P ; and fo, all the intermediate hours, on the
intermediate meridians, at the very inftant when it is
noon on the meridian P 4. So that, fuppofing P a to
be the meridian of London, it is plain, that
when it is XII o'clock there, it will be 1 o’clock
in the afternoon on the meridian P b, becaufe that
meridian is. paft by the fun 15 degrees, or one
hour, to the eaftward ; II o’clock in the afternoon
on the meridian P ¢: 1Il o’clock on the meridian
P d; and fo on. But, it can only be XI in the fore-
poon, on the meridian P z, when it is noon on the me-

ridian
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ridian P a; becaufe P z is then an hour fhort of being
even with the fun : X o'clock in the forenoon on the
meridian Py, becaufe that meridian wants two hours of
being even with the fun; and fo on. '

Now, as every mafter of a fhip knows how to find
the time of the day at the place of his fhip, by the
height of the fun; or the time of the night by the
height of any given ftar that revolves at a good diftance
from either of the celeftial poles ; if he firft finds the
Latitude of the place of his thip : he may find the Lon-
gitude of that place in the following manner, if he can
depend upon the true going of his watch.

Before he fets out from any port, as fuppole from
London, let him fet his watch to the exaét time at that
port : and then, let him fail where he will, his watch
will always thew him what the time is at that port from
which he fet out.

Now, fuppofe him to be at fea, on his way to the
Weft Indies ; and that he has failed from London at a
as far weftward as x, and then wants to find the Lon-
gitude of the place of his fhip at x. He firlt finds the
Latitude of the place x, and then, by the altitude of
the fun, finds the time at that place ; which we fhall
fuppofe to be IX o’clock in the morning : he then looks
at his watch, which fhews the time at London, on the
meridian P a ; and finds that it is XII o’clock at noon
on the meridian of London. By this he knows, that
he is three hours to the Weft of London ; and as every
hour of time anfwers 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 degrees of
Longitude, fo every four minutes anfwers to one degree,
If he had been as far eaftward (asat 4) from the mendi-
an of London, he would have found it to be III o’clock
in the afternoon at the place of his fhip, when his watch

e would



LADY’s ASTRONOMY. 7

would have thewn him that it was then only mid-day at
London : and fo, in that cafe, he would have known
that the Longitude of his fhip was 45 degrees Eaft from
the meridian of London.

E. This appears to me to be a very rational and eafy
method of finding the Longitude, if a watch can be
made that will keep exact time at fea.—Pray has there
ever beeh fuch 2 watch made, fo as that it can be de-
pended upon ? for otherwife I fhould think it very dan-
gerous ; becaufe, for every four minutes that it would
either gain or lofe, it would caufe an error of a whole
‘degree in reckoning the Longitude.

N. Mr. Harrifon has fucceeded the beft of any who
ever yet attempted to make fuch a watch. But zbaz
watch has been found not to keep time quite fo exa&ly
as was expected, ‘after fome ‘months trial at the Royal
Obfervatory at Greenwich. Yet it muft be acknow-
ledged that Mr. Harrifon has very great merit, and de-
ferves the reward he has got for his ingenuity : and
many are of opinion, that he con ftill make a watch
that will meafure time more exaétly than the one which
has been already tried (and for which he has got thc
reward), as it is the only one he ever made. .~

Another method (and which is a very fure one) fnr
finding the Longitude, has been pradtifed for many
years : and that is, by the eclipfes of Jupiter’s fatellites ;
but it is attended with two inconveniencies : firft, as it
requires the telefcope to be quite fleady, by which thofe
eclipfes are obferved ; it cannot be put in praétice at fea,
on account of the unfteadinefs of the {hip : and fecondly,
no obfervations of thefe eclipfes can be made in the day-
time, becaufe Jupiter is not then vifible.

E. ButI fhould think it muft ftill be very ufeful in
finding the Longitudes of places on the land, where ihe
telefcope may be kept quite fteady.~Pray, explain the
method by which the Longitude has been thus found.

N. The
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N. The Englith aftronomers have calculated tables
which fhew the times of thofe eclipfes, all the year
round, on the meridian of London; and the French
have done the like for the meridian of Paris.—Now,
fuppofe an Englifhman to be at Kingflon in Famaica,
-and that he obferves either of Jupiter’s moons to be
eclipfed juft at One o’clock in the morning : he looks at
‘the tables, to fee at what time the fame eclipfe is on the
meridian of London ; and finds the time there to be at
'8 minutes after VI in the morning. The difference
of the times, as reckoned at Londsn and at Kingflon in
Jamaica, is thus found to be g hours 8 minutes, or 308
minutes ; which being divided by 4, (becaufe 4 minutes
‘of time anfwer to one degree of Longitude) quotes 77
for the number of degrees by which the meridian of
Kingfton is Weft from the meridian of London : and
thus he finds, that Kingfton is in 77 degrees of Weft
- Longitude from London.

E. You have explained thefe matters very fully ; and
1 thank you for it,

N. 1 thought to have done it in much fewer words ;
and am afraid I have tired you this morning, as you
cannot be very well after having fuch a bad night,

E. But I am quite well now brother ; and you have
finithed in very good time, as the bell juft rings for
breaftfaft.

e
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D:IAL O G.UE: . VK

On the Causks of the different lengths of Davs
and N1GuTS, the Viciffitudes of SEAsoNs, and
the various phafes of the MooN.

Neander,

AM very glad to fee you fo early this morning,
I Eudsfia.~—1 hope you refted well laft night, and had
no return of your late complaint.

Eudofia. 1 {lept very well from ten o’clock till five ;
and am quite well,

N. 1 am very glad to hear it.—What fubject do you
propofe for us to enter upon, this morning ?

E. I fhould be glad to know the reafon why the days
and nights are of different lengths at different times of
the year. For, although ’tis plain, that the turning of
the Earth round its axis once every 24 hours, muft caufe
a continual fucceflion of day and night in that time ;
the fame as if the Earth were at reft, and the Sun moved
round it in 24 hours ; I do not underftand the reafon
why the daysand nights are continually varying in their

lengths,



8  The YOUNG GENTLEMAN and

lengths, unlefs it were by a particular motion of the Sus
northward and fouthward, acrofs the Equator in a year, s
But, from what you have already told me, it appears
plain, by the ftated laws of nature, that the Sun cannot
have any fuch motion

N. Indeed he cannot.—And you fhall foon fee the
reafon of the different lengths of days and night, and of
all the four feafons of the year, without any motion of
the Sun northward and fouthward acrofs the Equator.—
Pleafe to light #bat candle, by way of a Sun, and fet it
upon the table, whilft I fhut the windows ; fo that we
may have no light in the room but from the candle.

E. There it is, brother,

N. Now, I put a wire axis through our fmall three
inch globe, fo as to feach a little way out from its fur-
face in the North and South poles. I move the globe
round the flame of the candle, keeping it always at the
fame height from the table, and its axis perpendicular to
the table : and you fee that the candle is always even
with the Equator of the globe, and enlightens it juft
from pole to pole.

E. Exaély fo.

N. And that one half of the globe is enlightened by
the candie, whilft the other half is not: and confe-
quently,  that it appears as if it were day on the fide of
the globe next the candle, and night on the oppofite fide.

E. Very plain.

N. I now turn the globe round its axis many times
during the time I move it round the candle as before ;
and you fee that every part of its {furface, from the North
pole to the South, goes equally through the light and
fhade. So that, if the globe was turned round
its axis once every 24 hours, and carried round about
the candle once in a year; every point of its {urface from
pole to pole, would be twelve hours in the light, and
twelve hours in the dark.

E: Ua-
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£. Undoubtedly it would. ,

N. Then, you fee, that fuppofing the candle to have
no motion from one {ide of the Equator to the other,
and the axis of the globe to keep perpendicular to its
orbit, in its whole courfe round the candle ; the days
and nights could never vary in their length.

E. Self-evident.

N. I now incline the North pole of the axis a little
toward the candle, and turn the globe round its axis.—
You now fee that the candle fhines as far over the North
pole as the axis of the globe is inclined toward the can-
dle ; and that all thofe places of the northern hemifphere
which go through the dark, go through lefs of it than
they do of the light ; fo that their days are longer than
their nights : and the candle, being on the North-fide of
the Equator, fhines as far fhort of the South pole, ‘as it
fhines over the North pole: and confequently, all the
places on the fouthern hemifphere of the globe, which
go through the light, go through a lefs portion of it than
they do of the dark ; and fo have their days thorter than
their nights.

But, make the North pole of the axis decline from
the candle, and turn the giobe round its axis ; the can-
dle will not enlighten the glole to the North pole, but
it will thine round the South pole. And now, all the
northern places of the globe which go through the light,
go through lefs of it than they do of the dark ; fo that
the days are fhorter than the nights on the North-fide of
the Equator, and the contrary on the South-fide of it.
~——=You now fee, that turning the poles of the Earth
alternately, more or lefs, toward and from the Sun,
will have the fame effe&, as if the Sun really moved
northward and fouthward, to different fides of the E-
quator;

E. It will, indeed. But do the psles of the
Earth incline towards the Sun, and frcm him in that
manner, atdifferent times of the year?

F N. They
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N. They do: and hereis a figure, (PLATE IV,
Fig. 1.) by which the whole of that matter may be
very eafily explained. _ .

Let ABC D EF G H A reprefent the Earth’s orbit
(feen obliquely, which caufeth it to appear of an ellipti=
cal thape.) And let 7 be the Earth, going round the
Stn §, according to the order of the letters 4; B; C; D,
&c. ofice every yesr.

Now, fuppofe a great circle Pz I p », to be drawn
round the Earth, through its North pole P and its South
pole p; and let @ be the Equator.

Divide the great circle P « I p x into 360 equal parts
or degrees ; and fet off 231 of thefe degrees from P to
#. Then; at the diftance P # from the North pole;
draw a circle all around it; which call the North polar
¢ircle : and fuppofe juft fuch another circle to be drawn
around the South pole.

Make the Earth’s axis P p incline 23 1 degrees toward
the right hand fide of the plate ; and let the Earth [
be carried round the Sun §, in the orbit 4, B, C, D,
&c, in the time of its turning 3651 times round its
axis: andy in its whole courfe, let its axis Pp flill
incline 23 1 degrees toward the right-hand fide of the
plate.

Then ’tis plain, that when the Earth is at [, the
whole North polar circle falls within the enlightned
part of the Earth ; and all the northern places between
the Equator @ 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 lon<
ger days than they have nights : and the Sun will point
as far North of the Equator 2, as fhewn by the
ftrait line R, as he fthines round the North pole P ; for
the diftance @ T, northward from the Equator, is e-
qual to the diftance P # from the North pole; which
is 23% degrees,—=—="This is the Earth’s pofition on the

aift
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aift of June, when our days ate at the longeft; and
nights at the fhorteft. _

At the diftance @ T (231 degrees northward from
the Equator) defcribe the circle 7; round the globe,
parallel to the Equator: and as the Sun is diretly over
the citcle 7, in the right line R, and can never be far-
ther North of the Equamr ;3 but begins then to recede,
as it were, fouthward from the circle, 7, that circle is
called the Northern Tropicy or limit of the Sun’s greateft
North declination from the Equator 2,

As the Earth moves on in its orbit, from [t K, it
axis P p inclines mcrz and more fidewile to the Sun § 3
as it {till keeps paralle]l to the pofition it had wh:n the
Earth was at /¢ for which reafon, the northern places
are gradually turned away from the Sun ; and their days
arow fhorter; and their nights longer.,

When the Earth is at K, its axis P p inclines neither
towafrd the Sun nor from him, but is fidewife to him s
fo that the Sun is then direéily over the Equatory and
enlightens the Earth juft from pole to pele. And, as
the Earth’s rotation 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 of the Earth,  This is the Earth’s pofition
on the 23d of September.

As the Earth advances from K to L, through the
part G D of its orbit, the North pole P and all the
northern places of the Earth are gradually more and
more turned away from the fun § : 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 3
fo that their days become gradually fhorter, and their
nights longer.

When the Earth comes to L in its orbit, its North
pole P is as much turned away from the Sun §, as it was
turned toward him when the Earth was at 1: and there«

F a2 fﬂ'l"ﬂ!
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fore, when the Earth is at L, the whole North polas
circle % is in the dark 3 and the Sun points 23 7 degrees
(as fhewn by the right line r) to the South of the Equa-
tor @ ; and is then over the circle 2, which is parallel to
the Equator, and is called the fouthern tropic, becaufe it
is the utmoft limit of the Sun’s South declination from
the Equator. This is the Earth’s pofition on the 21ft
of December, when all thofe places in the northern he-
mifphere, which go through the light and the dark, go
through the leaft portion of the light, and the greateft
of the dark, that they can do on any day of the year.
And therefore, the days are then at the fhorteft, and
nights at the longeﬁ, in the northern half of the Earth,
all the way from the Equator @ to the North polar cir-
cle «# ; within which circle there is no day at all.

As the Earth advances from L to M, through the
part £ F of its orbit, its axis P p is gradually more and
more turned fidewife to the Sun ; the northern places
fall more and more into the light, and their days lengthen
and nights fhorten. And when the Earth comes to 4,
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 9, and en-
lightens 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 is, twelve hours each.

Laftly, as the Earth goes on from M to I, in the part
G H of its orbit, its North pole P, and all its northern
places from the Equator 2 to that pole, advance gra-
dually more and more into the light ; and fo, have their
days longer and nights fherter, till the Earth comes to J
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 to the Sun that they can do en any day
- of
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of the year ; and confequently, they then go through
the greateft portions of the light, and the leaft of the
dark, all the way from the Equator to the North polar
circle # ; within which circle there is then no darknefs
at all,

And thus, as the Earth’s axis ftill inclines toward one
and the fame fide of the heavens, in its whole annual
courfe round the Sun ; as in the figure it does toward the
right hand fide of the plate; it is evident, that its axis
muft incline conftantly, more or lefs, toward the Sun
during our fummer-half of the year; and more or lefs
from him during our winter-half. = That, when it is
fummer in the northern hemifphere, it muft be winter
in the fouthern, and the contrary : and that there can
be no difference of feafons at the Equator, becaufe it is
in the middle between the poles, and always equally
cut in halves by the bﬂundary of light and darkne{’s
u X,

£, This very p!am]y fhews the reafon of the difte-
rent lengths of days and nights, and alfo of all the
variety of feafons. Bur, as I apprehend the matter,
each pole, in its turn, muft be continpally in the light
for half a year together 5 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, ﬁﬂdﬂffﬁ ; and’ have told me
the very thing that I was about to inform you of.

E. 1 came into your room yefterday about one
o’clock ; but you happened then ¢o be out: and feeing
- a book ]}Fmg open on your table, 1 looked into it ; and
- found mention made of the adiptie, the fizns thereof,
and the Sux’s place. Pray, what is 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 ftars; which
¥a great
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great circle (the’ only an imaginary one) we call the
Ecliptic, And as the Earth moves in the plane of fuch
a circle, in its whole courfe round the Sun, it will be
always feen from the Sun as moving in fuch a circle
among the ftars : and, at a:y given time, in the oppofite
point of' that circle to the point of it in which the Sun
then appears as feen: from the Earth, So that, as the
Earth goes round the Sun once a year, the Sun will
appear to us to defcribe a great circle among the ftars, in
a year,

Aftronomers divide this circle into twelve equal

arts, called Signs, and each fign into 30 equal parts
called Degrees. And in whatever Sign and. Degree the
Earth weuld appear, as fcen from the Sun, at any given
time ; the Sun muft then appear in the gppofite Sign and
Degree as feen from the Earth: and the part of the
Ecliptic in which the Sun’s center appears to be, as feen
from the Earth at any given inftant of time, is called
the Sun’s place in the Ecliptic, at that time,

Thefe Signs are called Aries, Taurus, Gemini, Cancer,
Leas Virge, Libray Scorpio, Sagittarius, Capricornus,
Jfg#ﬂﬂﬁ'j, and Pifees. The month and days of the year,
in which the Sun appears to :nter thefe Swns, are as
follows.

Aries,  Taurus, Geminiy Caneer, Les, Firge,
March April May - * June July Auguft
20 20 21 21 23 23
Libra, Scorpio, Sagitrarius, Cd]'grjrarm:, Aguarius,  Pifces,
Sept.  O¢tob, ovemb. ' Decemb, Janu, Febr.
23 . 23 e 21 20 Ig9

- E. Then, let me fee; I think I could tell, by this,
what the Sun’s place in the Ecliptic is, on any day of
the year, Each Sign has 30 degrees ; this is the 11th
day of July, and the Sun does not enter Leo till the 23d ;
fo that he muft yet be in Cancer, Take 11 from 23,
and there remains 12 3 fo that the Sun is pow 12 dee

grees
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grees fhort of the laft point of Cancer ; and confequent~
ly, heis in the 18th degree thereof.

N. You are perfeitly right, fifter : and I think we
have done with this part of our fubje&,

E. And will you allow me, this morning, to enter
upon any other ?

N. Why not; and continue it too till the bell calls us
to breakfait.

E. Which, I hope, will not be in lefs than half an
hour : and till then, I fhould be glad to learn fomething
about the Moon.

N. Very well : itis your province to afk queftions,
and mine to anfwer them,

£. What is the caufe of the Moon's appearing of
fuch different fhapes as fhe does to us every month,
always increafing from change to full, and decreafing
from full to change ?

N, Be pleafed to light the candle again, and fet it on
yonder table, at the farther end of the room, whilft I
clofe the window-fhutters, And then, do you ftand at
a good diftance from the candle, and look toward
it

E. Very well, brother ; Now,
N. Here is a fmall ivory globe, with a wire through
ity by way of an axis. I will now move that globe
round your head ; and, as I carry it about, do you turn
yourfelf round, and keep looking at it. Let the candle
reprefent the Sun, your head the Earth, and the globe
the Moon. As the candle can enlighten only that half
of the globe which is turned toward it, fo the Sun can
only enlighten that half of the Moon which is at any
time turned toward him, The other half is in the dark,
and the Moon goes round the Earth in her orbit once a
month, :

As I carry the globe round your head, the dark fide
of it is toward you when it is between your head and the
¥ 4 candle ;

i



38 The YOUNG GENTLEMAN and

. candle ; the light fide when it is carried half round, or
oppofite to the candle with refpect to your head ; and,
in the middle between thefle two pofitions, you have half
the light and half the dark fide toward you,

E. Very true.———And when the globe is between me
and the candle, the whole of its enlightened fide difap-
pears : when you move it a little way from that pofi-
tion, 1 fee a little of its enlightened fide, appearing
horned, like the Moon when fhe is a few days old.
When you carry is a quarter round, I fee half its en-
lightened fide, which appears juft like the Moon when
fhe is a quarter old. As you move it farther onward, 1
fee more and more of its enlightened fide ; and it con-
“tinues to increafe like the Moon, till it is juft oppofite
to the candle, when I fee the whole of its enlightened
fide; and then it appears quite round, like the full
Moon. After which, I fee lefs and lefs of its enligh-
tened fide, which gradually decreafes like the Moon,
until you bring it again between me and the candle ;
-and  then, the whole of its enlightened fide difappears,
as before, :

N. And doth not this thew very plainly, why the
Moeon muft appear to us te increafe from the change
‘to the full ; and decreafe from the full to the change ?

FE. Very plainly, indeed : and, I think, it alfo
thews that the Moon does not fthine by any light of
her own ; but only by refleCting the Sun’s light
that falls upon her. For, if fhe fthone by her own
light, we fhould always fee her round, like the
Sun. i -

N. That is a very good and juft obfervation, fifter
and it is a remark that I might poflibly have forgotten to
make.

E. But, if you had not explained the different
appearances of the Moon by means of a globe and
a candle ; how would you have done it by a figure 2

& 3F N. Here

R
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N. Here is a figure for that purpofe (PLATE IV,
Fig. 2.) in which, let § reprefent the Sun, E the Earth,
M the Moon ; and abcde fg b a the Moon’s orbit, in
which fhe goes round the Earth from change to change,
according to the order of the letters ; that is, eaftward
in the heavens ; although the Earth’s daily motion round
its axis, the fame way, being quicker than the Moon’s
progreflive motion, makes her appear to go round weft-
ward. When the Moon is at A4, between the Earth
and the Sun, her dark fide is then toward the Earth ;
and fhe difappears, becaufe that fide refle&ts no light.
When fhe is at N, a little of her enlightened fide will
be feen from the Earth ; and  then fhe will appear
horned, as at n. When fhe is at O, half her enligh~
tened fide will be toward the Earth, and fhe will then
appear as at o, or in her firlt quarter, being then got a
quarter of her orbit eut from between the Earth and the
Sun. When fhe is at P, more than half of her en-
lightened fide is toward the Earth ; and fhe appears
(what we call) Gibbous, as at p. When fhe is oppofite
to the Sun, as at @, the whole of her enlightened fide
is toward the Earth ; and fhe appears round and full, as
at . :

E. Let me interrupt you a little here. Pray how
ean the Sun fhine upon the Moon, when the Earth is
dire&ly between her and the Sun? For, I fthould think,
that the Earth would ftop the Sun’s light from going to
the Moon. .

N. It does fometimes ; and then the Moon is eclipfed :
and fometimes the Moon comes directly between the
Earth and the Sun at the time of her change ; and then
we fay, the Sun is eclipfed. But we fhall talk of thefe
matters afterward. |
E. I am very glad of it: and now, Sir, pray pro-
ceed, _ B
sl W N. When
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N. When the Moon is at R in her orbit, part of hez
enlightened fide is turned away from the Earth ; and fhe
appears gibbous again, as at . When fhe is at T (three
quarters round her orbit from between the Earth and the
Sun) half of her light and half of her dark fide is toward
the Earth; and fhe appears half decreafed, or in her
third quarter, as at #..  When fhe is at U in her orbit,
the greateft part of her enlightened fide is turned away
from the Earth; and fhe appears horned, as at . And
when he is between the Earth and the Sun again, as at
M, fhe is quite invifible ; becaufe the whole of her un.
enlightened fide is then toward the Earth,

£. This does very well ; but I like the candle and bal
fill better.

N. For this very good reafon, that they are more like
the works of nature than any figures we can draw on
paper.

E. How long is the-Moon in going round her orbit
from change to change ?
~ N. Twenty-ninc days, twelve hours, forty-four
minutes, three feconds.

E. And what is her diftance from the Earth’s
center ?

N. Two hundred and forty thoufand Englifh
miles. i

E. How many times would it take round the Earth,
to go round the Moon’s orbit ?

N, Sixty times: and therefore, every degree of the
Moon’s orbit is equal in length to 60 degrees of a great
tircle (or 4155 miles) on the Earth’s furface,

E. What is the Moon’s diameter: and in what pro-
tion is it ta the Earth’s ?

N. The Moon’s diameter is 21837 miles 3 anditis in
proportion to the Eatth’s diameter as 100 is to 365, or
% 20 t0 73, -

o E., What
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E. What are thofe fpots which we fee on the
Moon ? I think I have heard fome people fay that they
are feas,

N. So they were thought to be, before there were
zood telefcopes to view the Moon by. But now they are
found to be anly darker places of the land in the Meoon,
which do not refle&t the Sun’s light fo copioufly as the
whiter parts do. For we fee they are full of pits and
deep valleys : but if they were feas, they would have
even and fmooth furfaces, .

E. So they certainly would, brother. But as it may
be known by thefe fpots whether the Moon turns round
her own axis or not ;———if fhe does turn round, I
fhould be glad to know in what time ; becaufe I
fhould thereby know the length of her days and
nights.

N. She turns round her axis exaflly in the
time fhe goes round her orbit; and this we know
by her keeping always the fame fide toward the
Earth.

E. Then fhe can have only one day and one night
between change and change, or in 29 days, 12 hnurs,
44 minutes, 3 feconds, of our time,

V. Exadtly fo.

E. And is her axis inclined to her orbit, as our
Earth’s is to its orbit ?

N. No : her axis is perpendicular to the Ecliptic, in
which the Earth moves ;3 and nearly perpendicular to
her own arbit,

E. Then her days and nights muft always be equal!y
fong 3 and fhe can have no different feafons ?

N. You are very right, Eudsfia.

E. But pray, brother, how is it poffible that we can
only fee one and the fame fide of the Moon, at
all times, if fhe turns round her msf—-Fnr 1

fhould
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fhould think, thatif {he has fuch a motion, we muft fee
all her fides.

N. Take up that little globe by its axis, between
your fore finger and thumb.

E. There it is.

N. Now, hold its axis, without turning, (as you
hold your pen when you write) and carry it round the
ink-horn on the table.

E. 1 do.

N. And do you not fee, that as you carry the globe
fo round, without turning it at all on its axis, all its
fides are fucceflively fhewn to the ink-horn ?

E. They are indeed.

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

E. 1 find it impoflible to do fo:———for, in each
revolution of the globe about the ink-horn, in order to
make the globe keep ftill the fame fide toward it, 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 without turning the globe
yound too.

N. Well, fifter, feeing that the Moon goes round
the. Earth in her orbit, as you carry the globe
round the ink-horn ; is not her keeping the fame fide
always toward the Earth a full proof of her turning
round her'axis ¢ :

- E. It certainly is: and I canalfo fee, that as the Sun
is on the outfide of the Moon’s orbit, her keeping
always the fame fide toward the Earth, makes. her
fhew herfelf all around to the Sun between change and
¢hange.——Jor, in the time that I carried the globe
o) round
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round the ink-horn, and kept always the fame fide
toward it; you, who were on the out-fide of the
circle in which I earried the globe fo round, faw all its
fides.

N. You are very right. But I am forry to hear
our breakfaft-bell : for we have not yet dome with the
Moon.

DIALOGUE
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DIALOGUE VI

On the MOON's motion round the EARTH
and SUN ; and the ECLIPSES of the
SUN and MOON.

Neander,

O, Sifter j———if yefterday had not been Sunday, |
believe you would not have given yourfelf that day’s
teft from your aftronomical ftudies.

Eudafia. To me, brother, thefe ftudies are recreati-
ons, which [ cfteem better than bare reft. And, on
Sunday we reft not; but ate better employed in the
duties of the day, than we generally are on all the other
days of the week.

N. True; and therein our duty is clofely cone

ne€ed with our intereft.~——Shall we now refume our
fubjeét
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fubje& about the Moon ? as I told you, laft Saturday
morning, that we had not done with her.

E. If you pleafe, Sir.

N. Then you muft always ftart the game ; and when
that is done, we will purfue it.

E. 1 think the Moon would always appear full as feen
from the Sun, if the were big enough to be feen by an
obferver placed on the Sun’s furface,

N. She certainly would ; becaufe, whichever fide of
her is turned toward the Sun at any time, that fide
would be fully enlightened by the Sun.

E. And I imagine, that if an obferver were placed on
the fide of the Moon which always keeps toward the
Earth, the Earth would appear to him in all the diffe-
rent fhapes that the Moon does to us. Only, that when
the Moon is new to us, the Earth would be full to the
Moon ; and when the Moon is full to us, the Earth
would difappear, or be new to the Moon.

N. What reafon have you for thinking fo, Eudsfia ¢

E. Becaufe, whichever {ide of the Earth or Moon is
turned toward the Sun at any time, that fide is then en-
lightened by the Sun. And therefore, when the dark
fide of the Moon M ( Fig. 2. of PLATE 1IV.) is
toward 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 Earth is toward the Moon; and therefore 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 feen from the Earth, the Earth muft appear as in its
firft quarter to the Moon ; it .being then the middle

time
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time betwecn the new and full Earth, as feen from the
Moon.

N. You are exaltly right, fifter: and as the furface
of the Earth is 13 times as large as the furface of the
Moon ; when the Earth is full to the Moon, its {urface
appears 13 times as big to the Moon, as the furface of
the full Moon does to us. '

E. If the Moon be inhabited on the fide which al-
ways. keeps toward the Earth, I think thefe inhabitants
may as eafily find their Longitude as we can find our
Latitude.

N. Tell me how: and if you can make that out, I
thall fay you think very well.

E. When you explained the Longitude to me, you
made me underftand, that if there were a vifible meri-
dian in the Heaven, keeping always over one and the
fame meridian on the Earth, (which it would do if it
revolved eaftward in 24 hours as the Earth does) the
Longitude of any other meridian of the Earth from thas
meridian, might as eafily 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 to-
ward the Earth, ’tis plain, that the Earth will be always
over an obferver’s head who is on that part of the Moeon's
furface which feems to us to be her center. And there-
fore, if Longitude on the Moon were reckoned from
the meridian of that obflerver, thofe on all her other
meridians on the fame fide, might find how many de-
grees lie between their meridian and that which is un~
der the Earth, by obferving how many degrees the Earnth
is Eafk or Weft of their merjdian. But, as thofe inha~
bitants ‘who live on what we call the bgck of the Moon,
never {ee the Earth ; they are deprived of that ealy me~
thod of finding their Longitude.

G N. Truly;
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- N. Truly, fifter, T ought to make you a very fine
Jpeech for that thought: but having no talent that way,
all I fhall fay is, that I am very well pleafed by it.

E.1am very glad ta hear you fay fo, becaufe you there-
by affure me that T am right. — But now a difficulty oc-
curs to my mind, which I beg you will remove.

N. Only tell it me; and I will remove it if I can.

E. The Moon goes round the Earth every month;

and as the Earth goes round the Sun in a year, the
Moon muft do fo too. How happens it, that the
Earth, by moving at the rate of 68,000 miles every
hour, in its orbit, does not go off, and leave the Moon
behind.
- N. The Moon is within the fphere of the Earth’s
attraction : and therefore, let the Earth move in its or-
bit as faft as it will, the Moon muft accompany it. For
you know, that if ycu put a pebble into a fling, and
whirl it round your head ; the pebble will go round and
round your head, whether you ftand ftill in one and the
fame place, or whether you 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. T thank you, brother, for having fet mé right in
this matter ; and at the fame time for convincing me, by
the fimile, that the Moon’s centrifugal force, or ten-
dency to fly out of her orbit, is equal to the power by
which the Earth attraéts her, and thereby retains her in
her orbit: for, if her centrifugal force were greater

than the Earth’s attraétion, the would fly out of heror- |

bit, and fo abandon the Earth, And if her centrifugal
force were lefs than the power by which the Earth at-
traéts her, the would come nearer and nearer the Earth
in every revolution, and would fall upon it at laft.

N1
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N. 1 find, dear Eudsofia, that you very feldom need to
be fet right: and when I do, you always improve upon
it, by making farther obfervations.

E. By the laft figure you explained, it would feem,
that the Moon goes juft round her orbit between change
and change. But I think, that as both the Earth and
Moon go round the Sun in a year, the Moon mufl not
only go round her orbit between change and change,
but even advance as many more degrees as the Earth
has moved in its orbit during that time, in order to be
again in conjunétion with the Sun. For, in whatever
part of the dial-plate of my watch, [ find the hour and
minute-hands in conjunétion, I obferve that the mi-
nute-hand muft go as much more than round to the
fame point again, before it overtakes the hour-hand, as
the hour-hand advances in the interval between its laft
conjunétion with the minute-hand and its next,

N. You are very rigcht; and your inference from the
hour and minute-hands of the watch is full as good as
mine from the pebble and fling. I drew a fgure, laft
Saturday afternoon, in order to explain this matter to
you by it. But, as you underftand the thing fo well al-
ready, we have no occafion for the figure.

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

N. Then, here it is: ( PLATE V. Fig, 1. ) Let
ABCDEFG 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 § be the Sun, athe Earth, b the
Moon when new, or between the Earth and the Sun ;
and 7 £/ the Moon’s orbit, in which fhe goes round the
Earth according to the order of the letters 474 /: and
let the Earth, together with the Moon and her (imagi-
nary) orbit, go round the Sun in a year.

Draw a diameter £ b of the Moon’s orbit, when the
Earth is at a; fo as, if that line were continued, it

would go on ftraight to the Sun’s center §: ’tis plain,
G2 - that"
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that when the Moon is in the end b of that line, fh::
muft be #ew, or between the Earth and the Sun.

As the Earth moves on, from a to &, from & to ¢, from
ctod, from dto e, &c. the faid diameter & b, # b, kb,
k by will ftill continue parallel to the ppfition £ b, that it
had when the Earth was at «: that is, it will always
keep perpendicular to the bottom-line I 7 of the plate.
And therefore, if it poined once toward a fixed ftar,
whole diftance from the Sun is fo great, that the whole
diameter of the Earth’s orbit bears no fenfible propor-
tion to that diftance (which is really the cafe), the
point b would always keep between the Earth and the
fame ftar.

E. I underfland you very well . but, do you fay The
Sars are fixed ?

N. 1do fay fo; and will convince you afterward that
they are. :

E. I beg pardon for interrupting you fo often.———-
Pray, now proceed.

N. In the time the Moon goes round from b toh
again, in the diretion b i £ /45, fhe goes quite round
her orbit ; which {he would always do between change
and change, if the Earth always remained at a.

But as the Earth advances as far in its orbit as from a
to b, between any change of the Moon and the next
that fucceeds it; ’tis plain, that when the Earth is at &,
and the Moon new at s, fhe will have gone more than
round her orbit from A to b again, by the fpace » m.
And as all circles, be they ever fo great or ever fo {mall,
contains 360 degrees (a degree being not limited by any
certain number of miles, but by the lengih of the 36ath
part of a circle) the fpace » m, by which the Moon has
gone more than round her orbit, from her change at A
to her change at m, will contain juft as many degrees
and parts of a degrec, as the Earth has moved in that
time, fromato & in its orbit,

At the fecond chan ge of the Moon frum by the Earth

will
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will be at ¢, and the Moon at#: by which time fhe
wﬂl have gone twice round her orbit from 4 to s again,
and as much more as the fpace or part 4 z of her orbit

‘contains, which confifts of as many degrees as the part

@ b ¢ of the Earth’s orbit does.
the whole figure. -

B Tigee all chis very plainly ; and that the figure in-
cludes fix changes of the Moon, as fiom 4 to m, from
m to n, from z to e, from o to p, from p to ¢, and from
gtor. But, at the /a7 of thele changes, it feems
(by the ﬁgure) that the Earth has not gone half Wa}r'
round the Sun : for the laft line of conjunétion §rg is
not quite even with the firft line of conjunétion a 4 §.

N. Nor thould it be; for if it be rightly drawn (and
I ind I muft take care how 1 draw figures for you), it
muft want 5 5 degrees of the Earth’s progreflive motion
in_ half a year, L. ' fonrica ot the Moon, from
change to change, contain only 177 days, 4 hours, 24
minutes, 18 feconds, which wants 5 days, 7 hours, 35
minutes, 42 feconds, of 182 days, 12 hours, which
is the half of a common year. And, in that difference
of time, the Earth moves fomewhat more than g degrecs
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 7 :

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

E. And how far doth the Earth move in its orbit be-

And fo on, through

- tween change and change of the Moon ¢

N. Twenty-nine degrees, fix minutes, twenty-five
feconds, — And hcre you are to underftand, that a mi-
nute is the 6oth part of a degree, and a fecond is the
6oth part of a minute.

E. Then, ’tis plain, that between change and change,
the Moon goes 29 degrees, 6 minutes, 2.5 [econds, more
than round her orbit.

G 3 N. True,
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N. True, Eudsfia ; and now I have only to tell you
farther, on this fubje&, that the Moon's going round her
ortit is called her periodical revoluwion; and that her
going round from change to change is called her fynodical
revalution.

E. I thank you, Sir, for having told me fo much.—
But are you not tired at prefent mth hearing and anfwer-
ing my queftions? |

N. Very far from it :—T love thefe fubjeéts ; and my
talking with you about them will keep e from forgetting
them.
~ E. Then, T fhould be exceeding glad to know fome-

thing about eclipfes,

N. You thall know that very foon. In Fig. 2. of
PLATLE V., let § be the Sun, 44 the Moon, and E the
Earth; a b ¢ d the Moon’s orbit, in which the moves
according to the order of the letters ; and C 64 D a part
of the Farth’s orbit, wherein it moves in the dire&ion
C D.—The Moon is new when fhe is at A, and full
when fhe is at m.

Draw the firaight line /¢ E from the caftern edge of
the Sun, clofe by the eaftern edge of the Moon, to the
Earth E : then draw the ftraight line B¢ £ from the
weftern edge of the Sun, clofe by the weftern edge of
the Moon, tothe Earth £. Let thefe lines be fuppofed
to turn round the middle line F M E ; and the fpace ¢ ¢,
within them, between the Moon and the Earth, will
include the Meon’s dark fhadow, which is of a conical
figure, (like an inverted fugar-loaf) and covers only a
fmall part of the Earth’s furface at £: and only from
that fmall part, the Sun will be quite hid by the Moon,
and appear to be totally eclipfed; and it can be quite
dark enly 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. *Ts evident, that if
the Moon were nearer the Earth, her dark fhadow

wauld
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would cover a larger part of its furface ; and if the were
farther from the Earth, her fthadow would end in a point,
thort of the Earth’s furface; and then, fhe could not
hide the whole body of the Sun from any part of the
Earth ; and thofe who were juﬂ: under the point of the
dark fthadow, would fee the edge of the Sun, like
a fine luminous ring, all around the dark body of the
Moon.

But, although the Moon can hide the whole body of
the Sun, only from a fmall 'part of the Earth, at any
time, when the Sun appears to be thus eclipfed by the
Moon ; yet, in all fuch eclipfes, the Moon hides more

or lefs of the Sun from a very large portion of the Earch’s

furface., For,

Draw the ftraight line A fo from the eaftern ‘cdgr: of
the Sun, clofe by ‘the weftern edge of the Moon, to the
Earth at o. Then draw the ftraight line B f# from
the weftern edge of the Sun, clofe by the caftern edge
of the Moony to the Earth at ». Let thefe lines (4 fo
and' B fn) be fuppoled to turn round the middle line
F A E, and their ends (# and.g) will defcribe a large
circle on the Earth’s furface, around & ; within the
whole of which circle, the Sun will appear to be more
or lefs eclipfed by the Moon lat M, as the places within
that circle :are imore or lefs diftant from its center £,
where the dark fhadow falls. For, when the Maqon is
at M, anobferveron the Earth at-n; will fee the eaftern
edge of the:Moon, juft, as it were, touching the weftern
edge of theSun at B; and an obferver at o will, fee the

~weftern edge of the Moon, juft, as it were, touching

the eaftern edge of the Sun : but to all the places be-
tween » and o, the Moon will hide a part, or the whole
of the Sun, according as they lie between » and £, or
between e and E, or direétly at E. This faint
fhadow, all arcund the dark one, from = to s, on the

G 4 Earth’s
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Earth’s furface, is called the Penumbra, or partial fhas
dow 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 direétly in a
right line from the Sun’s center to the Earth’s, at a mean
rate.——-But when the Penumbra falls obliquely on the
Earth’s {urface, its figure thereon will be elliptical ; and
then, the fpace that it covérs will be much larger ; e-
fpecially if the Moon be then at her leaft diftance from
the Earth.

E. What! brother: is not the Moon’s diftance from
the Earth always the fame ?

N. By no means: for the Moon’s orbit is of an ellip-
tical (or oval) figure ; and every ellipfis has two centers,
which are between the middle and the ends of its longeft
diameter: and the Earch’s center is in one of the centers
(or, as they are called, focufes) of the Meon’s elliptical
orbit. So that, when I formerly told you, that the
Moon’s diftance from the Earth’s center is 240,000
miles, I only meant her mean (or middle) diffance between
her greateft and leaft diftances.

E. Then I underftand, that the Moon’s diftance
from ‘the Earth muft be continually changing. But
fuppofing the Sun to be eclipfed when the Moon is at
her leaft diftance from the Earth ; what is the diameter
of the fpot upon the Earth’s furface that would be
quite covered by the Moon’s dark fhadow; from all
parts of which fpot, the Sun would be tﬂtﬁl!y hid by
the Moon ?

N. About 180 miles,

E. As the Moon’s diftance from the Earth js little
more than a 396th part of the Sun’s diftance from it,
(as Thave computed) I fuppofe the Moon’s fhadow at the
Earth will move almoft as faft as the Moon moves in

i TEOEY her




LADY’s ASTRONOMY. 105

her orbit. Pray, in what time will the dark part of
the thadow move over about 180 miles of the Earth’s
furface ? 0

N. In four minutes and an half: and wmld go over
that {pace fooner, if the Earth’s motion round its axis

(which is eaftward, and confequently the fame'way that

the Moon’s fhadow goes over the Earth) did not keep
the place on which the fhadow falls, longer in the
thadow than it would be, if the Earth had no fuch mo-
tion. _

E. Then an eclipfe of the Sun can never conti-
nue total, above four minutes and an half, at any place
of the Earl:h 2

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,
whofe motion is flower, becaule it is nearer the motion-
lefs pole, it would be {ooner over.

E. How then could the Sun be darkned fo long as
three hours, at the time af our SAVIOUR’s crucnﬁxmn,
as it is mentioned to be in the Gofpels ?

N. There is no way of accounting for that darknefsy
upon aftronomical principles : for it was entirely out of
the common courfe of nature,

E. How do you prove that 1t was out of the common
courfe of nature?

N. Becaufe our Saviour was crucified on a full Moon
day; and then, the Moon being oppofite to the Sun,
could not poflibly hide the Sun from any part of the
Earth.

E. I fhould be very glad to know how you can prove,
that the crucifixion was on a full Moon day.

N. Becaufe it was at the time of the Paflover : and
the Paflover was always kept at the time of full Moon.

E. You
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E. You have made this very clear. And now, if
you pleafe, I fhould be glad to have the caufe of the
Moon’s eclipfes explained.

N, In the fame figure, draw the ftraight line 4 g ¢
from the eaftern edge of the Sun, clofe by the eaftern
edge of the Earth at g; and the ftraight line B b # from
the weftern edge of the Sun, clofe by the weftern edge
of the Earth at #.—Let thefe two lines be fuppofed to
turn round the middle line # A4 m, and they will include
the {pace between the part which is filled by the Earth’s
thadow gc # h. ~"Tis plain, that when the Moon is
at m in her orbit, fhe is totally covered by: the Earth’s
fhadow, and eclipfed by it; as it muft then fall upon
her, becaufle the Earth is between her and the Sun.

E. But how is it, that the Moon is at all vifible,
when the Earth muft entirely ftop the Sun’s light from
falling upon her, and fhe has no light of her own? For,
the fame fide of the Moon that is toward the Earth at
her change, is alfo toward the Earth at her full.
And, as we cannot fee her at the change, I fhould think
we could not fee her when fhe is totally eclipfed ; be-
caufe that fide of her which is dark in. the former cafe,
when: the Sun cannot fhine upon it, thould be as dark
in the latter, when the Earth intercepts the Sun’s rays
~ from it. But the Moon' was very vifible in her laft
“torateclipfe ; for I faw her, and the appeared of a co-
lour fomewhat like that of tarnithed copper.

N. You are very fhrewd in your remarks, fifter :—
and I will tell you why the Moon is not invifible when
the is totally eclipfed.

The air, or atmofphere; which furrounds the Earth,
to the height of about 47 miles, is the caufe of this.
For, all the rays of the Sun’s light which pafs through
the atmoiphere, all around the Earth, in the boundary
(g b) of light and darknefs, are, by the atmofphere,
pent inward, toward the middle of the Earth’s thadow :

and
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and thofe rays, fo mixed with the fhadow, fall upon the
Moon, and do enlighten her in fome fmall degree. She
refle&ts the rays back to the Earth which fall upon her,
and {o fhe 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 invifible, when fhe is
totally immerfed therein, as fhe is at the time of her
change.

E. 1 thank you, brother, for all thefe informations ;
but I fHll want more.

N. Only fay what they are ; and I w;ll inform you if
I can.

E. T fee plainly by the figure, that the Sun can never
be eclipfed (in a natural way) but at the time of new
Moon ; becaufe the Moon’s fhadow cannot fall upon
the Earth at any other time : and that the Moon can
never be eclipfed but when fhe is full ; becaufe that is
the only time when the Earth’s fhadow can fall upon
her. But though we have a new and a full Moon in
every month of the year, I find my almanack mentions
but very few eclipfes ; and generally, about half a year
between the times of their happening,

N. If the Moon’s orbit a /¢ # d a lay exa@ly even
(or in the fame plane) with the Earth’s orbit C 4 d D,
as it is 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
confequently, the Moon’s orbit only croffes the Earth’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 paffeth above or below the Sun, as feen
from the Earth: apd, at all other full Moons, the

Moon
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Moon either pafleth above or below the Earth’s fhadow.
One of thefe points is called the Afcending 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 oppofite point is called the
Defeending Node of the Moon’s orbit ; becaufe, as foon
as fhe has paft by it, fhe defcends fouthward ; which, to
us in the northern parts of the Earth, is below the plane
of the Earth’s orbit. .

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

N. It would be juft half a year, if a line drawn from
the one to the other kept always parallel to its prefent
pofition ( like the above-mentioned diameter of the
Moon’s orbit, £ b, in Fig. 1.): but the nodes move
backward, or toward the Weft, contrary to the Moon’s
motion eaftward in her orbit, at the rate of 197} degrees
every year,.———So that, from the time of the Sun’s
being in conjunétion with either of the Moon’s nodes,
to the time of his being in conjunétion with the other,
is only 173 days, 7 hours, 3 minutes.

- E. As there muft be fume diftances from thefe nodes,
within which the Sun and Moon muft be eclipfed ; I
fhould be glad to know what thefe diftances are ?

N. They are only 17 degrees for the Sun, and 12
for the Moon. :

E. Now, let me fee. The Moon’s whole orbit
contains 360 degrees ; of which there are only 17 on
each fide of each node, -within which the Sun may be
eclipfed. T'wice 17 is 34, about one node, and there
are as many about the other : in all, 68 degrees out of
360, for eclipfes of the Sun. And, as there are 12
degrees on each fide of each node, within which the
Moon can be eclipfed ; there muft be no more than 48
degrees in all out of the whole 360, for the eclipfes of

the
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the Moon. Am 1 right, brother ? If I am, ’tis no
wonder that we fhould have {o many new and full
Moons, and fo few eclipfes.

N. You are quite right, Eudsfia; and I am very glad
to find that you make fuch a quick progrefs.

E. I know that the times of eclipfes may be calcu-
Jated before-hand, becaufe I fee they are always pre-
dited in the almanacks. Can you calculate them ?

N. Yes.

E. 1 with you would teach me to do fo too, if
you think I have a f ufﬁment capacity for that branch of
fcience.

N. You have much more; and I will inftru&t you
with pleafure ; for you have not only learnt the four
common rules of arithmetic, but even as far as the Rule
of Three, And, in thefe calculations, no farther
arithmetic is neceflary than addition and fubtrattion. But
you muft learn firft to calculate the times of new and
full Moons.

E. That I will do, with very great pleafure.

N. Then we will fet about it to-morrow morning, if
you pleafe : but the whole will take up a week at leaft :
during whi¢h time, we muit {ufpend our ufual confabu-
lations.

E. 1 with to-morrew 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 fomething concerning the Ecliptic and
its figns.———Did you look at the title-page of that
book ?

E. I remember the book very well ; but did not look
at the title-page.

N. ‘It is* Fergufor’s Aftronomy. I fent for it to Mr.
Cadell’s fhop, in the Strand, oppofite Catharine-ftreet,
on purpofe to make you 2 prefent of it. There it is;

and
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and I am fure you are qualified to read and underftand
it. -

E. T heartily thank you, dear Neand:r, for this pre-
fent. _

N. There are in it plain and eafy tables and precepts
for calculating the true times of new and full Moons
and eclipfes., And, if you have any f{pare time to-day,
I wifh you would begin, by yourfelf, to read the pre-
cepts, and compare them with the tables, and with the
examples of calculation. And then, if you find any thing
difficult, mark it ; and I will help you out to-morrow
morning. Mean time, if there be any thing elfe,
which you would have us to talk about, before we are
called to breaftfaft, which is later than ufual to day) tell
me what it is.

E. I with I underftood the caufe of the ebbing and
Howing of the Sea. But now the bell begins to ring
for us.

N. Very well. — Be here in about an hour after
breakfaft.

e

DIALOGUE
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DIALOGULE. VI

Onthe CAUSE of the EBBING and
FLOWING of rhe SE A.

Neander.

j;’ OU are very punctual, fifter.~—~—I have drawn
out fome figures for you fince breakfaft ; and,

juft as you entered the room, I was putting the laft
letter of reference to them, Here they are.

Eudofia. I thank you, brother ; and do fuppofe that,
by thefe figures, you intend to explain the caufe of the
ebbing and flowing of the Sea,

N. 1 do. In Fig. 1. of PLATE VI. let 4BCDA
be the Earth, all covered with water except the top of
an ifland £ a. Let the Earth be in conftant motion,

turning
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turning eaftward round its center £, every 24 hours,
according to the order of the letters ABC D ; and let M
be the Moon, moving eaftward in herorbit O ¢, as from
M to 5 in 24 hours, 50 minutes,, You know that the
Earth and Moon are within the reach of each other’s
attraction ; and therefore, as the Earth attra&s the
Moon, fo the Moon re-attralts the Earth.

E. Yes, Sir.

N. Do you remember my telling you, fome days ago,
that the attra&ion diminithes, as the fquare of the
diftance from the attracting body increafes ?

E. I remember it very well.

N. Then youknow, that the Moon muft attra the
fide 4 of the Earth which is neareft to her (at any
time) with a greater degree of force than fhe attraéts the
Earth’s center £ ; and that fhe attraéts the center £
with a greater degree of force than fhe attratts the fide €
of the Earth, which is then fartheft from her.

E. Certainly.

N. And that the Earth and Moon would fall towards
one another, by the power of their mutual attraétions, if
there was nothing to hinder them : and that the Moon
would fall as much fafter toward the Earth than the
Earth would fall toward the Moon, as the quantity of
matter in the Earth is greater than the quantity of matter
in the Moon.

E. Undoubtedly fo; becaufe every particle of matter
attralts with an equal degree of force; and therefore,
the body which has the greater quantity of matter muft
attra& the other with fo much the greater degree of
force, | na

N. Well done, .Eudsfia. Let us now fuppofe the
Earth and Moon falling toward each other. The earthy
parts of our globe being conneéted, and cohering toge-
ther, would not yield to any difference of the Moon's
attractive force ; but would all move equally faft toward

the
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the Moon : as if a cord were tied to each end of a great
folio book on the table, and you fhould pull one cord
with the force of four pounds, and I pull the other cord
the fame way with the force of eight pounds, fo as to
move the book ; all the parts of it will move equally
faft, notwithftanding the different forces by which you
and I pullit. But the waters are of a yielding nature ;
the coherence of their particles being very fmall : and
therefore, they will be differently affe&ted, according to
the different degrees of the Moon’s attraltive force, at
different diftances from her.

And therefore, as the waters at ./ are more attra&ed
by the Moon than the Earth is at its center £, they
move fafter toward the Moon than the Earth’s center
does ; and confequently, with refpet to the Earth’s
center, they rife higher toward the Moon, as from 4 ta
a : and as the center E moves fafter toward the Moon
than the waters on its furface at C do ; the waters at @
will be, as it were, left behind : and confequently,
with refpeét to the center £, they will be raifed, asfrom
G to c.

E. So far, I underftand you perfeétly well.

N. But as there is ftill the fame quantity of water on
the whole Earth, the waters cannot rife at one place
without falling at another. And therefore, the wa-
ters muft fall as low at 4 and 4 as they rife, at the fame
time, at @ and ¢ : fo that an obferver placed over F, at a
diftance from the Earth, would fee the furface of the
waters not of the round fhape /BCD, as they would
be if the Moon did not difturb them by her attraéion,
but of the elliptical thape a b ¢ 4.

Then, as the Earth turns eaftward round its axis, ’tis
plain, that when the ifland 4 a is at 4, it will be in the
bigh water, under the Moon A : when it is at B, it will
be in the lsw water, {ix hours from under the Moon:
when it is at €, it will be in the bigh water again,

o 2 twelve
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twelve hours from under the Moon : and when it is at
D, eighteen hours from being laft under the Moon, it
will be in the low water again. So that, if the Moon
had no pmgrtﬂivc motion in her orbit O ¢, but kept
always in the fame right line 4/ M, the ifland 4 2 would
have two ebbings and two flowings of the Sea every 24
hours. _ "

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

N. You are right Eudsfia : for, in the time of
the ifland’s revolving from A to 4 again (in the diretion
ABCD /) which is 24 hours ; the Moon moves from 44
almoft to o in her orbit : and therefore, after the ifland
has come round to 4 again, it muft move on from A to ,
before it can be in the middle of the tide of flood the
next day, under the Moon, which will have then moved
from 4 to o.
~ E. How long 1s the ifland in moving from .rf
toe? :

.. N. Full 50 minutes : and fo much later are the tides
every day than they were on the day 'cfore. The fai-
lors call it only 48 minutes ; and it would be exaltly fo,
if the Moon were 30 compleat days and nights in going
round from change to change. But as the time is only
29 days, 12 hours, 44 minutes, 3 feconds, (at a mean
rate) fhe muft move a little farther every day than fhe
would if fhe took the full 30 days: and this difference

' 18
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is equal to about 2 minutes of time, of the Earth’s mo-
tion on its axis, , .

E. Then as the Moon goes round her orbit, from
change to change, in 29 days (in round numbers) the
ifland # ¢ can only come 28% times round from the
Moon to the Moon again, in that time ; and confe-
quently, it can have no more than twice that number
of tides of flood; 2t zand ¢ or §7 tides of flood, and
as many of ebb, between change and change of the
Moon. | .

'N. You are very right: and confequently, in twa
courfes of the Moon, from change to change, which is
59 days, 1 hour, 28 minutes, 6 feconds, there
are only 57 double tides of flood and as many of
ebb. |

E. This account of the tides would be extremely na-
tural, and. eafy to be underftood, if the Earth and
Moon were continually falling toward one another,
But fecing that the Moon’s motion in her orbit gives her
a certrifugal force, equal to the force with which the
Earth attracts 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 fhould think, that if
the Earth itfelf did not defcribe a fmall orbit round the
common center of gravity between it and the Moon, in
the time the Moon goes round her orbit, the Moon's
attraction would take the Earth away, as it could have
no centrifugal force to balance her attrattion,

N. Dear fifter, you cannot imagine how' much plea-
fure it gives me to talk with you on thefe fubje&s ; 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 Larth’s center would move

H 2 round
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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 'Efcplanatipns, and leading me fo gradually on,
from one fubjeét to another. But, pray bow many
miles is it from the Earth’s center to the common center
of gravity between the Earth and Moon ? Undoubted-
ly, that diftance, compared with the Moon’s diftance
from the Earth’s center, muft be in proportion to the
quantity of matter in the Moon compared with the
quantity of matter 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 Moen, I will try
to compute how far the common center of gravity be-
tween them is from the Earth’s center.
2N, The Earth’s quantity of matter is 40 times as
great as the Moon’s.

E. Very well. ——~ And the Moon’s mean diftance
from the Earth’s center is 240,000 miles, Now, I
divide 240,000 by 40, and the quotient is 6000 ; which
1 think, muft be the diftance of the common center of
gravity between the Earth and Moon, from the Earth’s
center: and, that the faid common center of gravity
muft always be in aright line between the centers of the
Earth and Moon ; becaufe both thefe bedies move round
it,—Am I right, brother?

N. Indeed you are: and, before we talk further a-
bout the common center cuf gravity between the Earth
and the Moon, 1’ will endeavour' to illuftrate this affair
about the tids to you in a different manner from what
T have done. For I find, that even if I had intended to
explain it by the falling of the Earth and Moon toward
gach other, you would have juftly believed that I was
mifleading you.

Here
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Here is a circular hoop (Fig.2.) A BC D, of thin
plate brafs,——You fee it is very flexible : for, as I
pull out the parts 4 and C to a and ¢, the parts B.and D
fall in to #and d; and the hoop becomes of the elliptical
thape a b ¢ d.

E. True; —— and juft like the fhape of the fur-
face @ b ¢ d of the water, (in Fig. 1.) as affeCted by the
Moon’s attraction.

N. But, if I quit my hold of the hoop at 4 and ¢, it
will return to its former circular thape /BCD,

E. 1 fee it dees, now you have left it at liberty.

N. And, if the Moon’s attralion thould ceafe (Fig.
1.) the waters @ b ¢ d would return, from their elliptical
thape a # c d, to their former round fhape 4 B C D,

E. Yes; for they would run from the higheft parts
a and ¢ to the loweft parts b and 4, till their furface
was equally diftant from the Earth’s center £, all a-
round.

N. Now, I tie the end 4 (Fig. 2.) of the ftring 4H
to any part, as 4, of the circular hoop ABCD, and take
hold of the other end H of the ftring with my hand.
If I whirl the hoop round my head like a fling, what do
you think will happen ?

E. Why ; the hoop will endeavour to fly off, as a peb-
ble in a fling would do.,

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

E. Let me confider,——1I think they will not, For
as the part G 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 dif-
tance from your hand is greater,

N. Exa&ly fo, becaufe it will move fo much fafter,
as the circle it defcribes is larger, MNow obferve, I whirl
it round my head. 'What fhape is it now of ?

- H 3 B. It
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E. Tt is of the elliptical thape a b cd.

N. Yes, for the tightnels of the ftring draws out the
fidle next my hznd, from Atoa; and the centrifugal
force of the other fide throws it out as far, from C to
¢ And now, if an inflexible circular ring (like the
rigid Earth) 4 B C D fhould lie upon the elliptical hoop
@ bcd, and turn 29 times and a half round the center E,
in the time the hoop and circle were moved once round
my head ; would not any point, as A, of the circular
ring, come fucceflively even with the higheft parts a and
¢ of the elliptical hoop, and with the loweft parts 4 and
dof it; as the Ifland 4 a (Fig. 1.) comes to the high
water at « and b, and the Jow water at ¢ and 4, by the
Earth’s motion on its axis ?

E. It would. AndI think that Fig. 3. is fomewhat
analogous to Fig. 2.

N. It is very much fo; and now is the proper time te
explain Fig, 3.

"Let 4 B C D be the Earth, 4 the Moon, O o the
_Mnun’s orbit, and G the common center of gravity be-
tween the Earth and the Moon, round which both thefe
bodies move, once a month ; the Moon in the direétion
O, andthe Earth in the dire€ion £ b, 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 E C :
and the centrifugal force of each part will be direétly in
proportion to its diftance from the common center of
gravity G ; becaufe the fpaces through which thefe parts
move, will be refpectively as their diftance from G ; that
is, as the femidiameters of thofe circles which they all
defcribe in the fame period of time. Thus, the centri-
fuga! force of the point 4 will be as the line 4 G; th_f:
centrifugal force of the center £ will be as the line EG ;
and the centrifugal force of the point € will be as the
line € G : for the point A defcribes the fmall circle A ¢ f
G A in the time the point £ defcribes the Iarger circle
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Ehik o and in the time the pmnt C defcribes the
ftill larger circle Clmn C; which is in a month ; ; and
in that time, the Moon goes round her orbit O o.

The Moon’s attraction at the Earth’s center £ exa&t-
iy balances the Earth’s centrifugal force at £; and con-
fequently retains the center £ in the orbit £ bz £ E.
But her attraltion at A is greater than £, and lefs at
C than at £. So that where the Moon’s attraétion is
greateft, as at A, the centrifugal force is leaft: and
therefore, the excefs of attraétion caufeth the waters to
rife, as from A to a, on the {ide of the Earth which is
at any time neareft the Moon M. But, at C (the fide
which is then fartheft from the Moon) the attraétion is
leaft, and the centrifugal force greateft: and therefore,
the waters will rife as high from C to ¢, by the excefs
of the centrifugal force there, as they rife on the op-
pofite fide from A to a by the excefs of the Moon’s at-
trattion. Are you fatisfied now, Eudsfia ?

E. 1 was fadly afraid, that the rifing of the tides on
the fide of the Earth which (at any time, by its 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 on the fide of
the Earth which is oppefite to the Moon, as they do on
the fide which is under the Moon. Did you ever fee
this confirmed by an experiment ?

- N. Yes; I have feen Mr. Fergufon do it, te the
{atisfation of every obferver, by a plain experiment in
one of his machines, called the W#%hirling Table ;- and
he is the firft that ever did fo. He has given a full ac-
count of it in his Leltures on Mechanics, Hydroflatics,
Preumaticsy- Optics, with the Ufe of the Globes, and the
Art of Dialing, In that book, there are plates of all
his machines for the above purpofes, 1 fhall fend for
it from Mr. Cadell's thop to-morrow, and make you a
prefent of it, on account of the quick progrefs you have

H 4 made
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made in aftronomy: and then you can by yourfelfy
learn a courfe of experimental philofophy.

L. Indeed, brother, you lay me under fo many ob-
ligations, that I fhall never be able to make you any
proper return for them, But there is one thmg, that
I had almoft forgot to afk you. Pray, what is meant
by the fpring and neap tides ?

N.> The Earth is fo fmall, in comparifon of its dil-
tance from the Sun, that the Sun’s attrafive force is
nearly equal on all parts of the Earth: and therefore,
there can be but little difference between the centrifu~
gal force on the fide of it which is next the Sun, and
the centrifugal force on the oppofite fide.  But ftill there
is fome difference, as the Earth moves on its orbit,
And therefore, if fhe Earth had no Moon to attend if,
there would be ﬁuéﬂ tides occafioned by the Sun. Con-
fequently, when the Sun, Moon, and Earth are all in
a right line (which they are at the time both of new and
full Moon) their joint aétions concur ; and fo, raife the
tides higher at thefe times than at any other : and this
is called the Spring Tides. But, when the Moon is in
her quarters, her acion on the tides is crofs-wife to the
Sun’s; for then the Sunis in a line with the bw-water,
and his action keeps the tide from falling fo 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 this
is called the neap Tides, |

E. 1 underftand you very well; and do fee plainly,
ﬂmt a ftraight line drawn from the Moon’s center
through the Earth’s center, would be in the h:gheﬂ;part
* of the tides on both fides of the Earth,

N You are a little miftaken in that point, Eudofia ;
which may be owing to its being fo reprefented in the
figures, But, 1 am fure you would net have been fo,

if
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if you had remembred what I told you in our firft Dia-
logue ; namely, that all bodies which are put into a
ftate of motion will perfevere in that motion, till fome-
thing ftops their courfe. If you put water into a bafon,
and give it a little fhake, and then fettle the bafon fud-
denly ; the water will rife a little further, on the fide
to which you gave it the motion, after the bafon is fet-
tled again, than it did in the inftant when you fettled
it. Pray, have you forgot your fall in the boat, when
it ftruck againft the bank of -the river ?

E. I have not, brother; and the inference is
plain, '

N. It is: and therefore you know, that when the
waters are put into a rifing ftate of motion by the altion
- of the Moon ; they would rife a little higher, if the
Moon were annihilated at the inftant of her being on
the meridian, even of a place where fhe was directly
over head. But you are ftill to confider farther, that
although the Moon’s attra€tion at any place is greateft
when fhe is on the meridian of that place, becaufe fhe
is then the neareft that fhe can be to the place on that
day ; yet her attraction at the place does not then ceafe,
but continues for fome time after the has paft the meri-
dian : and this continuance of attraltion, tho’ weaker,
will caufe the waters to keep on in their rifing ftate, till
the attraction juft balances the tendency of the waters to
fall back again,

E. 1 thank you, brother, for fetting me right. But,
pray, how long is the Moon paft the meridian when the
water is at the higheft ?

N. If the Earth was covered all over with water, fo
2s the two eminences of the tides at @ and ¢ might re-
gularly follow 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 different capes

and
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and corners of the Jand run out all manner of ways into
the oceans and feas : the regular courfe of the tides is
much interrupted thereby; and alfo by 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, on any given
day, at any place, when the tide is at its height #here ; it
will be fo again on the next day, much about the time
whepn the Moon is at the like diftance from the meridian
again. .

E. You have quite fatisfied me about the tides : and
now I will go to my room, and ftudy Fergufon's me-
thod of calculating the times of new and full Moons.

DIALOGUE
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On the fixed STARS, and SOLAR and
SYDEREAL "TIME,

Neander.,

HAT is the matter, fifter ? Surely you
could nat have gone to your room and returned,
fince you left me,

Eudsfia. 1 had fcarce gone out of #his room, when
fomething came into my mind, which was, that you
promil:d me, fome days ago, to demonftrate that all the
Stars are at reft, And leaft I thould forget it again,
I now beg leave to re-mind you of it, if you have lei-
fure at prefent.

N. For that, 1 refer you to Fergufon’s aftronomy:
and, before you have read the firft three chapters, you

will
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will not only be convinced that all the Stars are at reft;
but alfo that they are Suns to innumerable fyftems
of planctary worlds, as our Sun is to its own fyftem of
planets,

* E. What! other Sun’s, and planetary worlds belong-
ing to them! Youn amaze me!

N.>The Deity is infinite in all his perfections : and
as he bas power enough to create and place Suns and
worlds throughout the whole infinitude of fpace, fo he
has goodnefs efough to induce him to do it, But now,
if you pleafe, I will tell you of fomething which I did
not think of before; namely, to inform you of the dif-
ference between Solar and Sydereal time.

‘E. You fpeak too learnedly for me juft now, brother;
and it is the firft time you ever did fo.

M. Solar time is the time meafured by the Sun’s ap-
parent motion round the Earth; and Sydereal time is
the time meafured by the Stars in fheir apparent motion
round it. o

E. Now I underftand you; and have often obferved,
that if any Star be feen, juft as if it were over a neigh-
bouring chimney, at any hour of the night; in a
week afterward, the fame Star is fooner feen over the
fame chimney.

N. True: and in 365 days, the ftars feem to have
made 366 revolutions about the Earth; fo that they
gain one hour every 24th part of the year upon the
time fhewn by a well regulated clock. And therefore,
every Star comes almoft four minutes fooner to the me-
ridian, every fucceeding day or night, than it did on
the day or night before. The real difference is 3 mi-
nutes §5 feconds and 54 fixtieth 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

apy
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#ny given Star is on the meridian; the latter clock
would gain 3 minutes 55 feconds and 54 fixtieth parts of
- a fecond upon the former, in each revolution ef the fame
Star to the meridian,

£. What is the reafon of this #

N. Much the fame as that of the Moon’s going
roufid her orbit in lefs time than fhe goes round from
change to change, or from between the Earth and the
Sun to the fame pofition again: as I explained to you,
by Fig. 1. of PLATE V. laft Monday morning, in our
Seventh Dialogue : and we may make the fame figure do
for the prefent fubjeét.  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 1g9o millions of miles in
diameter, which would fill the Earth’s orbit, would ap-
pear no bigger than a dimenfionlefs point, if it were feen
frem any of the Stars : and the prefent fubject w:!l
prove this to be true,

E. I am far from doubting the truth of your word;
but | fhould be very glad te fee the dempnftration.

N. Then, hereitis. Let the Earth be in what part
of its orbic 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 throughout the whele 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 thould revolve exacltly 366 times from XII to
XII agzain (there being fuppefed o be 24 hours on the
dizal plate) in the éime of the Star’s making 366 revolu-
tions from the meridian to the meridian again; and the
hands be fet to the uppermoft XII, when any given
Star is on the meridian on the 21ft of December ; then,
on the 20th of March afterward, when the hands were

at
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at the fame XII as before, the fame Star would be &
little on the Eaft fide of the meridian, if the Earth’s
orbit were of any fenfible bignefs in proportion to the
‘diftance of the Star; and a little on the Weft fide
of the meridian, when the hands were at XII on the
23d of Scptember : but we never find any fuch dif-
ferente.

E. To me, your demonftration is felf-evident,

N. Then, you are convinced, that when the meri-
dian of any place has revolved from any Star to the fame
Star again, the Earth hath turned a4/slutely once round its
axis ; becaufe the fame meridian has revolved {o, asto be
again parallel to any fixed plane, to which it was pa-
rallel before, when the fame Star was upon it.

E, 1am,

N. Very well, fifter: now, in #ig. 1. of PLATE
V. let § be the Sun, ABCDEFG one half of the
Earth’s orbit; let the circle 47 k1% be the Earth (at the
top of the figure) and @ b the meridian of Landun,
which we fhall fuppofe to be at A.

" Let the ftraight line a » § be produced onward, to
five or fix miles beyond the Sun, as feen from 5 ; and
let a Star be placed at the farthermoft end of that line.
~——Then, the diftance of the Star from the Sun §
will be fo great, that the Earth’s orbit 4 B C, &c. will
bear no fenfible proportion thereto, if it were viewed
from the Star; and therefore, to an obferver on the
Farth at b, the Star will appear as even with the line 45,
when the Earth has got a quarter round its orbit from
a to d, and the meridian d b parallel to the pofition it
had at @ b, as when the Earth was at ¢ in 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
b, when that meridian has revolved to the fame parallel
pofition agam which it will always do in the time of the
Earth’s turning abfelutely round its axis.

E. Undoubtedly
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£, Undoubtedly it will.

N. Now, fuppofe the Earth to advance in its orbit
froma to b, in the time that it turns once yound its axis 3
and then, the fame meridian 5 » will be parallel to the
pofition it had at @ b, when the Sun and Star were both
even with it; or, as we fay, upom it. :

Then it is plain, that when the Earth is at », and
the meridian 4 » has revolved from the Star to the Star
again, it muft revolve further on, from 4 to m, before
it can go round from the Sunto the Sun again at §.  And
the arc, or part » m, of the Earth’s circumference
bears the fame proportion to the Earth’s whole circum-
ference, that the arc, or part a 4, of the circumference
of the Earth’s orbit bears to is#ts whole circumfe-
rence.

When the Earth is at ¢ in its orbit, and the fame
meridian ¢ b comes even with the Star the fecond time,
the meridian muft revolve from 4 to # before it can be
evenn 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 a, and the meridian 4 b is even with the Star ; the
meridian will want fix hours of being even with the Sun
in the right line 4 2 S, and the place » muit revolve 6
‘hours, or through the arc 4 o of go degrees, before the
Sun can be on its meridian & A.

And confequently, when the Earth has gone half
round its orbit, the fame meridian will be even with the
Star twelve hours before it revolves to the Sun: and
when the Earth has gone three quarters round its orbit,
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 qmte 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,

ler




128 The YOUNG GENTLEMAN and

let the year contain how many days it will, as meaa
fured by the appatent revolutions of the Sun from the
meridian to the meridian again, it will contain one day
more, as meafured by the apparent revolutions of the
Stars, L

E. By this I find, that oneabfolute turn of the Earth
round-its axis is loft in a year with refpet to the num-
ber of folar days in the year, becaufe the Earth’s mo-
tion on its axis is the fame way as its motion round the
Sun. For, to bring any meridian round from the Sun
to the Sun again, the Earth muft turn as much more
than quite round its axis, as bears a proportion to the
fpace it moves in its orbit in 24 folar hours. And
therefore, to make the year contain 365 folar days
and nights, the Earth muft turn 366 times round its
axis.

N. You are right, Eudsfia. Now go to your
altronomical tables and precepts ; and try whether you
can calculate the time of new Moon in July 1748 old
ftile. If you find any difficulty, come and tell me
of it.

E, 1 thank you, brother ; and make no doubt but
that I muft foon fee you again,

&

DIALOGUE
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On the ProjecTioN ¢f SOLAR ECLIP-
SES : to which, ANSWERS o jome AsTRO-
NoMICAL QUESTIONS are fubjoined.

Neander.

ELL, fifter ;——you kept quite alone, all the

time yefterday after you left me: and, as you
did not return this morning before breakfait, as ufual, I
fent to enquire about your health : and the maid told
me that you was very well ; but fo much engaged with
your book and pen, that the was almoft afraid to fpeak,
for fear of difturbing you ; as you took no notice of her
when fhe came into your room.

Eudafia. Indeed, brother, I have been very much
engaged ; and {carce took time to eat either dinner or
fupper.

N. 8o I obferved : and now, pray, what have you
been doing ?

I E. After
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E. After looking a little at Fergufon’s tables for cal-
culating the true times of new and full Moons, and
finding fome expreflions in the titles of the tables which
I did not underftand, namely, the mean Anomalies of the
Sun and Moon ; I read the former part of the 1gth
chapter of his book, in which I not only found #hsfe
terms~explained to my fatisfattion ; but alfo the principles
on which the tables are conftruted : and, on account of
what you have already told me about the attractions of
the Sun, Moon, and Earth, I think I underftand the
principles tolerably well.

N. I can very eafily take your word for that,
Fudsfia.

E. Having read the precepts, and compared them with
the tables and examples of calculation, 1 then tried to cal-
culate the true times of fome new and full Moons
which are exemplified in the precepts ; and finding my
calculations to agree very neatly with Fergufon’s exam-
ples, I tried to calculate the true time of new Moon in
July 1748, old ftile, as you defired me ; of which Mr.
Fergufon has given no example. And finding that the
Sun muft have been eclipfed dt the time of that new
Moon, I even attempted to take out the elements for pro-
jeéting that eclipfe.

N. Then, indeed, you mufl have done a great deal of
work for the time you have been about it,
fhew me your calculations.

E. 1 am almoft afraid to do it ;
RTE,

Pray,

but, here they

1. The
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da 4 P T

1. The apparent time of new Moon at :
Greenwich, July B b

in the Forenoon,

2. The femi-diameter of the Earth’s difcat ° '’
that time, as feen from the Moon - o 53 32

3. The angle of the Moon’s vifible path
with the ecliptic —_— — L )
4. The Moon’s latitude, North defcending o 28 6
5. The Moon’s horary motion from the Sun o 27 17

6. The Sun’s diftance from the neareft
folftice — o — 32 42 40
9. The Sun’s declination, North  — 19 35 21

8. The Sun’s diftance at noon from the
vertex of London == — — 31 54 29
g. The Sun’s femidiameter ~ — — 0 15 50
10. The Moon’s femidiameter —  — o 14 53
11. The femidiameter of the penumbra - o 30 43

£

N. Well done, Eudsfia.—1 calculated the fame ele-
ments before I gave you the book ; and now we will
compare the calculations together. All right ;—for,
do you fee,—we have not differed three feconds in any
part. And I did not tell you till now, that I had
made any fuch calculation.

E. This gives me great pleafure, mdeed. But,
upon reading the method of projecting eclipfes, I often
find mention made of a Seffor 3 which I take to be a
mathematical inftrument ; and, as you know that I am
entirely unacquainted with any of thefe inftruments, I
am afraid I can proceed no further, unlefs you will thew
me a Secor, and teach me how to ufe it

1", It is true, that by means of a Setor, thefe kinds
of projeétions may be much fooner made than without
it But, 2s I know vou are yet totally unacquainted

[ 2 with
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with mathematical inftruments, I will now fhew you
how to project an eclipfe of the Sun, only by means of
a pair of compalfles and a common ruler : And then,
you will be at no lofs about projecting any eclipfe of the
Moon , which is much eafier to be done than to projeét
an eclipfe of the Sun, I will fift tell you fome
things, by which you will underftand the reafon why all
the different parts of the conftruétion of a folar eclipfe
muft be as we lay them down ; and then proceed to con-
ftruét the Sun’s eclipfe which fell on the 14th of July,
1748, as it appeared at London. You know, itis but a
few days fince you covered one of the panes of glafs in the
window of your room with gum water ; and, when it
was dry, you placed yeurfelf about afoot from the glafs ;
and, keeping your head fteady, you delineated a land-
fkip on the glafs, with your black lead pencil, of all the
diftant objects which you faw through the glafs, drawing
them on thofe parts of the glafs which were juft between
them and your eye; as if the pencil had touched the
objects themfelves.

E. 1 have often done fo : then drawn them with ink
(which the gum water caufes to ftick) and then laid
a paper over them on the glafs, and traced them thereon
with the black lead pencil.

N. Now, fuppofe the Equator to be a vifible circle
on the Earth, and that a circle is drawn through any
place (as fuppofe London) parallel to the Equator :
that the Earth had an axis put through it, projeiling out
a good way from its furface at each pole ; and that there
was a vifible line drawn perpendicular to the plane of
the ecliptic or Earth’s orbit, which line would be called
the axis of the ecliptic,

Imagine all thofe things would be vifible to an ob-
ferver at the Sun; and fuppofe yourfelf to be there,
holding a pane of glafs between you and the Earth, and

delineating
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delineating the figure of the Earth thereon, with its
axis, Equator, the circle parallel to the Equator pafling
through London, and the axis of the ecliptic, Then,

As the Earth turns round its axis from welt to eaft,
the places on its {urface would appear to you to move
as from your left hand toward your right; and you
would fee London as moving over the Earth in the cir-
cle which is drawn through ir, 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 pafling over it from left to right
hand, the fame way as it turns on its axis ; and you
would fee a great part of the Moon’s penumbra or par-
tial thadow, all around her, (as it were) like a dark
brownifh ring, travelling with her over the Earth,

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 furface, as it would
appear to you; like as the Sun and Moon do to us) :
and, from the 23d of September to the 20th of March,
the {ame 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 aftraight walking-ftick be placed at.a diftance from
you, and inclining either dire&ly toward you or from
you, it will appear to you to be upright : but, if it in-
clines either toward your right or left hand, you will
perceive it to do fo. Therefore, when the Earth’s axis
inclines either directly toward you or from you at the
Sun, it will appear to you to be perpendicular to the
plane of the Earth’s orbit or ecliptic ; and to coincide
with the axis of that plane. But, when the Earth’s
axis inclines more or lefs fidewife to the Sun, the nor-
thern half of it will appear to you to incline from the
axis of the ecliptic, toward your right or left hand ; and

¥ 3 the
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the fouthern half to incline the contrary way from the
axis of the ecliptic: for then, thefe two axes will feem
to crofs each other in the middle point of the Earth’s
axis.

Now, as'the Earth’s axis really inclines 237 degrees
from.a perpendicular to the plane of the Earth’s orbit,
and always keeps inclining to one and the fame fide of
the Heavens, in the Earth’s whole courfe round the Sun;
it will appear in different pofitions of inclination to the
axis of the ecliptic, as feen from the Sun, at different
times of the year ; the North pole being fometimes to-
ward your right hand from the axis of the ecliptic, and
at other times toward your left hand from the axis of the
ecliptic ; conflantly varying the apparent angle of its
inclination, according to the time of the year.

From the 21ft of December to the 21# of June, the
North pole of the Earth’s zxis lies toward the right hand
from the axis of the ecliptic, as feen from the Sun : and
moft of all fo on the 20th of March. From the
21ft of June to the 21ft of December, the North pole of
the Earth’s axis lies more or lefs to the left hand, as feen
from the Sun ; and moft of all fo on the 23d of Sep-
tember,

E. I with you would be fo good as to write down
thefe matters for me, when you are at leifure ; becaufe
I am afraid I fhall forget them.

N. You may depend upen it that I will ; efpecially
as they are the very principles on which we are now
about to conftruét an eclipfe of the Sun: which is, in
the firft place, by delineating a figure of the Earth,
with its axis, Equator, &c. according to their pofitions
as fuppofed to be feen from the Sun (or from the Moon
juft between the Earth and the Sun) at the time of the
eclipfe. Now, we will go to work, according to your
calculated elements. .

Make
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Make a fcale, asy 4 C (PLATE VIIL Fig. 1.) almoft
half the length of the paper intended for your proje&ion,
 and divide it into 60 equal parts at leaft, reckoning
each part to be one minute, or a fixtieth part of a de-
gree.——Then, take the femidiameter of the Earth’s
difc. 53 minutes 32 feconds (or §3:) from the fcale, in
your compafles ; and with that extent, fet one foot in the
end C of the {cale, as a center ; and with the ather foot
defcribe the femicircle 4 B I, for the circumference of
the northern half of the Earth’s illuminated difc or fur-
face, becaufe we live on the North fide of the Equator:
and continue the line y 4 Conto B; {6, /C B {hall
be a portion of the Ecliptic equal ta the diameter of the
Earth as feen from the Moon at that time.

From the center G, raile the line C D, FH, perpendi-
cular to 4 C B ; and call the line € D H the axis of the
ecliptic.

Divide the quadrants 4 D and D B, each into go
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 £ #£G 5 in which line, the
North pole P of the Farth’s difc will always be
found.

Qﬂt one foot of the compaﬂ'cs in the point F, where
the hne E F G interfeéts the axis of the Ecliptic CDH ;
and, having extended the other feot from F o £, or
from Fto G, defcribe the femicircle £ H G, and divide
its quadrant }fE into go equal parts for degrees, becaule
the Ear:h’s axis lies to the left hand from the axis of
the Ecliptic, as feen from the Sun in the month July.
[f the Earth’s axis had lain to the right hand from
the axis of the Ecliptic, the quadrant H G muit have
been divided into go degrees, and not tie quadrant

HE.

I 4 As
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As the Sun is 32 degrees 42 minutes 40 feconds
(which may be eftimated 32 degrees and four-fixths, or
two-thirds, of a degree) from the neareft (or fummer)
folftice, which is the firft point of Cancer, on the noon
of the 14th July 1748, draw the right line / P, parallel
to H D, from 32 % degrees of the quadrant H F, till it
meets the line £ F G at P : then, from P to C, draw
the right line P C; fo P C fhall be the northern half of
the Earth’s axis, and P the North pole.

As the Sun is on the North fide of the Equator in
July, and confequently nearer the point of the Heaven
juft over London (or the vertex of London) than the
Equator is ; fubtract his declination, 19 degrees 35 mi-
nutes neglecting the 21 feconds) from the Latitude of
London, g1 degrees 30 minutes, and the remainder will
be 31 degrees 55 minutes for the Sun’s diftance from
the vertex of London on the noon of July the r4th.

From the point # (in the right hand fide of the femi-
circle 4 D B) at 31 degrees 55 minutes counted upward
from B, draw the right line £/, parallel to CD: and
taking the extent £ /in your compafles, fet it from C to
XII on the Earth’s axis C P. 8o, the point XII fhall
be the place of London on the Earth’s difc, as feen from
the Sun, at the inftant when it was noon at London on

14th of July 1748. !

Add the Sun’s declination, 1¢° 35", to the Latitude
of London §1° 30, and ‘the fum will be 71 degrees §
minutes, for the Sun’s diftance from the vertex of
London on the 14th of July at mldmght There-
fore, ;

From 71° ¢, counted upward in the right hand fide
of the femicircle 4 D B from B to s, draw the right
line m # parzllel to € D. Then, takmg the extent m »
in your mmpaﬂ'es, fet it from C towards or beyond P on
the Earth’s axis € P, as it happens to reach fthort of P
or beyond it: but in the prefent cafe, it reaches fo little
above P that we may reckc:-n C P to be its whole extent :

: and
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and fo, the point P fhall reprefent the place or fituation
of London at midnight, beyond the illuminated part of
the Earth’s difc, as feen from the Sun; and cenfequent-
ly in the dark part thereof.

Divide the part of the Earth’s axis between XIIand P
into two equal parts, XII K and P K : then, through the
point K, draw the right line VI X VI perpendicular to
the Earth’s axis C XII K P.

Subtra&t the Latitude of London, §1° 30" from go”
00 ; and there will remain 38 for its Co-latitude.
Then, from 38°:, counted upward from B to v in the
femicircle 4 D B, draw the right line v w; and, hav-
ing taken its length in your compaffes, fet off that
length both ways from K in the Earth’s axis to VI and
“V1, in the line VI K VI.

Now, to draw the parallel of Latitude of London, or
its path on the Earth’s difc, as feen from the Sun, from
the time of Sun-rife till the time of fun-fet at London;
proceed as follows.

- The compafles being opened from X to VI, fet one
foot in K, and with the other foot defcribe the femi-
circle VI 7 8 g 1011 12 1 2 3 4 5 VI, and divide it
into twelve equal parts. Then, from the divifion-points
(7 8 9, &c.) draw the right lines 74, 86, gr, 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 femicircle P L XII, and divide its
quadrant XII L into fix equal parts, as at the points 1,
2, 3> 4> 55 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 XI 1 I, X 2 I, IX 3 111, VI
3 IV, and VI 5 V, all parallel to the right line VI K
VI ; and, thruugh the points where thefe lines meet the

former
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former parallel lines 74, 85, gc, 10d, &c. draw the el-
liptical curve VI VII VIII IX X X1 XII TIIIII IV V
VI; which may be done by hand, from pgint to point ;
and fet the hour-letters to thofe points where the right
lines meet in the curve, as in the Agure. This curve
fhall reprefent the parallel of Latitude of London, or
the path which London (by the Earth’s metion on its
axis) appears to difcribe on the Earth’s difc, as feen
from the Sun on the 14th of July, from VI in the
morning till VI at 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 VI would have been the path of London;
which muft have been found by dividing the quadrant
P L, into fix equal parts, and drawing lines parallel
to VI K VI between that line and the pole P, and con-
tinuing the lines 74, 86, gz, &c. till they meet the
forefaid parallel lines drawn through the divifion-points
of the quadrant P L. The points p and G, where
the elliptical curve touch the circumference of the difc,
denote the inftants of the Sun’s rifing and fetting at
London : for, when London is at p, it will be juit en-
tering into the enlightened part of the Earth ; and going
into the dark, when it is at G.

From the point A, viz. 5 degrees 35 minutes to the
right hand of the axis of the Ecliptic € D, draw the
right line 44 C for the axis of the Momn orbit, as
feen from the Sun, becaufe the Moon’s Latitude is
North defecending, on the 14th of July 1748.———If her
Latitude had been North Ajfcending, the axis of her orbit
muft have been drawn from » to C, on the left hand fide

from the axis of the Eclip:ic.

Talps
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Take the Moon’s Latitude, 28 6, from C to s,
with your compafles, in the fcale 4 C, and fet that ex-
tent from C to g on the axis (€ D) of the Ecliptic.
Then, through the point ¢, draw the right line
N g O t, perpendicular to the axis of the Moon’s orbit
Cz M: and N ¢ O ¢ fhall be the path of the center of
the Moon’s fhadow over the Earth ; and will reprefent as
much of the Moon’s orbit, feen from the Sun, as fhe
moves through, during the time that her fhadow or
penumbra is going over the Earth.

From C, on the fcale 4 C, take the Moon’s horary
motion from the Sun, 27 17", in your compafles; and
make the line 4 B (Fig. 2.) equal in length to that ex-
tent: and divide the faid line into 6o equal parts, for
fo many minutes of time. Then, as the time of new
Moon, on the 14th of July 1748, was at 15 minutes 3
feconds after XI o'clock, take 15 minutes (negleting
the three feconds) from A to a on the line 4 B in your
compafles, and fet them off, in Fig. 1. from the middle
point between ¢ and z, in the right line N ¢z O, to XI
in that line ; becaufe the tabular time of new Moon is
mid-way between the point ¢, where the axis C D of the
Ecliptic and the axis C M of the Moon’s orbit cuts the
line or path of the penumbra’s center on the Earth,

Take the whole length of the line 4B (Fig. 2.) in
your compafles; and, with that extent, make marks
along theline N O (Fig. 1.) both ways from XI ; and
fet the hour-letters to thefe marks, as in the figure. —
Then, divide each fpace, from mark to mark, into fixty
equal parts or herary minutes, which fhall fhew the
points of the Earth’s difc where the center of the pe-
numbra falls, at every hour and minute, durmg its
tranfit over the Earth. .

Apply one fide of the fquare to the line of the pe-
numbra’s path NO, and move the fquare forward or
backward till the other fide cuts the fame hour and mi-

ik ' : nute,
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nute, as at s and », both in the path of the penumbra’s
center and the path of London: and the minute; which
the fquare cuts at the fame inftant in both thefe paths,
is the inffant of the vifible conjunétion of the Sun and
Moon at London; and confequently, of the greateft
obfcuration of the Sun by the Moon ; which, accord-
ing to the prn_]e&mn, is at 30 minutes paft X o’clock
in the morning, .

Take the Sun’s femidiameter, 1§ 50", in your com-
pafles from the fcale ; and fetting one foot at » as a cen-
ter, in the path of London; with the other foot de-
fcribe the circle R § for the Sun, as feen from London
at the time of the greateft obfcuration. Then, take the
Moon’s femidiameter, 14 53, in your compaffes from
the fcale; and fetting one foot in the Moon’s path at
s, with the other foot defcribe the circle 7 U for the
‘Moon, as feen from London, when fhe obfcures moft
of all of the Sun, during the eclipfe ; which may be
meafured by a diameter line u s r x, drawn acrofs the
Sun through the points s and r, and divided into 12
equal parts for digits of the Sun’s diameter: of which,
according to the prefent projetion, there are g3 digits
eclipfed.

Take the femidiameter of the penumbra, 30, 43,
from the fcale in your compafles; and, fetting one
foot in the path of the penumbra’s center, direét the
other foot to the path of London among the morning
hours at the left hand ; and carrythatextent backwards and
forwards, till both the points of the compaffes fall into the
fame inftant at both the paths; which inftant will denote
the time when the eclipfe began at London. Then, do
the like among the afternoon hours; and where the
point of the compafles fall into the fame inftants in both
the paths, they will fhew at what time the eclipfe ended
at London. Thefe trials fhew that the beginning
of the ecliple was juft at IX o’clock in the morning, and

its
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its ending at 7 minutes after XII o’clock at noon; as
the compafles reach juft from IX in the path of London
to IX in the path of the penumbra’s center; and from
7 minutes after XII in the path of London, to 7 minutes
after XII in the path of the penumbra’s center, —
Thus, we have, at laft, finithed the projeftion, and
found what was wanted to be known from it.

E. The whole procefs is very pleafant, but, I think,
it is fomewhat tedious.

N. That is, becaufe we have been obliged to di~
vide the femicircle 4 D B and the quadrant £ H with
a pair of compaffes. If the Se&or had been ufed,
the labour would have been much fhortened, becaufe
we could have taken off all the meafures dire&tly from
it ; and fo, have avoided all the trouble of dividing,
not only of the femicircle and quadrant, but alfo even
of the fcale.

E. I wifh you would teach me how to ufe the Sec-
tor.

N. 1 will fend to my mathematical inftrument-
maker, Mr. Bennet, in Crown Court, near St, Ann’s
Church, Soho, for a compleat cafe of mathematical in-
ftruments , and will make you a prefent of it, and in-
firué you how to ufe them before I leave this place,
In the mean time, I will afk you a few queftions re-
lative to the fubjets we have been upon : and, if you
can anfwer them cleverly, I thall not fcruple to tell you,
that you have made a very extraordinary progrefs,

E. I thank you, Sir, for your intended prefent and
future inftructions : and will anfwer your queftions as
well as I can ¥,

= =

* The fubjeét of what is here put down, by way of queftion and an-
fwer, was given by the author fome time ago to a gentleman who has fince
publithed it, not without the author’s leave, at the end of a printed book.

N. What
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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 its axis
with its prefent velocity, having its axis perpendicular
to the plane of the Ecliptic ?

E. The folar , or natural day would be of the fame
length ‘with the {ydereal day ; which is equal to 23
hours 56 minutes 4 {econds of the time now mea-
fured by a well regulated clock, The Sun would con-
ftantly 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 them. And confe-
quently, there would be no different feafons.

N. What would be the confequence, if the Moon’s
diftance from the Earth was fuch, as that fhe fhould
appear to be of the fame magnitude with the Sun ;
that her orbit were circular, and lay in the plane of the
Ecliptic ; and that fhe moved round the Earth in her
orbit with her prefent velocity ?

E. The Moon would always revolve in the plane of
the Equator ; and (fuppofing the Earth had no pro-
greflive motion in its prbit) the Moon would go round
from change to change in the time fthe now goes round
her orbit, which is, in 27 days 7 hours 43 minutes 5
feconds. The diameters of the Sun and Moon would
always appear to be equal. The Moon would eclipfe
the Sun totally, for an inftant of time, at all thofe
places over which the center of her fhadow paffed, which
would be diretly along the Equator. The eclipfes
would be only partial on different fides of the Equator,
and never vifible at more than 2350 miles from it. The
Moon would be totally eclipfed in the Earth’s thadow
at every time fhe was full ; and the durations of all her

eclipfes would be equal.
N. What
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N. What would be the confequence, if the Moon’s
osbit acquired an elliptical form, fuch as it 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
fame as above, and the times between the new or full
Moons would remain the fame, The Sun would be
eclipfed (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 Equa-
tor. If the changes fell in that part of the Moon’s
orbit which is furtheft from the Earth, the Sun would
never be totally eclipfed ; but would appear like a fine
luminous ring all around the dark body of the Moon,
at thefe places on the Equator where the Moon were
direltly over head at the inftant of the change. If the
changes fell in that part of the Moon’s orbit which is
neareft the Earth, all the eclipfes of the Sun would
be total at the Equator, for about four minutes of
time : But if they fell in either of the two parts of the
Moon’s orbit which are at a mean between thofe parts
which are at the greateft and leaft diftance from the
Earth, the eclipfes of the Sun would be juft total for
an inftant of time at the Equator, and no where elfe.
All the Moon’s eclipfes would be total with continu-
ance, as above.

N. Suppofe now, that the Earth fhould revolve about
the Sun, with its prefent velocity, in the plane of the
Ecliptic, its axis keeping always perpendicular thereto :
that the Moon fhould revolve as above, with her pre=
fent velocity ; and that her orbit fhouid remain always
in the plane of the Ecliptic ?

E, In that cafe, the days and nights would always
continue (as above) of equal length ; only the 24 folar
hours would be 3 minutes 56 feconds longer than the

24 {y-
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24 fydereal hours, as they now are ; but there would
be no different feafons. The Moon would go round
her orbit in 27 days 7 hours 43 minutes 5 feconds ;
and round from the Sun to the Sun again, or from
change to change, in 29 days 12 hours 44 minutes 3
feconds ; as fhe now does. The Sun would be eclip-
fed (d4s above) at every change, and the Moon at
every full ; and all the Sun’s eclipfes would be cen-
tral only at the Equator ; but they would fometimes
be total therc for four minutes, fometimes total only
for an inftant, and at other times annular; according
to the diftance of the Moon from the Earth in different
parts of her elliptical orbit at thefe times.

N, With the above circumftances, relating to the
Earth’s progeflive motion in its orbit, and the Moon’s
motion in her orbit ; what would be the confequence
if the Earth’s axis fhould become inclined to the Ec-
liptic, as it now is ; and the earth turn round its axis
with its prefent velocity ?

E. We fhould then have all the variety of feafons
we now enjoy. The times between the new and full
Moons would be the fame as in the laft anfwer above,
and the eclipfes of the Sun and Moon the fame. Only,
the Sun’s central eclipfes would not fall always at the
Equator, but fometimes on one fide of it, and fome-
times on the other ; that is, between the Equator and
that pole of the Earth which was inclining toward the
Sun at the time of the eclipfe. In our Spring, the
center of the Moon’s fhadow would go obliquely over
the Earth, from the fouthern tropic to the northern.—
In fummer, the fhadow would begin to take the Earth
at the Equator, and thence bend its courfe to the
northern tropic, and from that tropic to the Egquator
again, where it would leave the Earth. In our au-
tumn, the center of the Moon’s thadow would go ob-
liquely over the Earth, from the northern tropic to the

fouthern ;
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fouthern : ——— and, in winter, it would take the
Earth at the Equator, from which it would bend
its courfe to the fouthern tropic, and go on obliquely
from that tropic to the Equator, where it would
leave the Earth. And, in each of thefe four cafes, the
Sun’s eclipfe would be central to all the parts of the
Earth over which the center of the Moon’s fhadow
pafled ; fometimes total only for an inftant, fometimes
total for four minutes, and at other times only annu-
lar, The eclipfes of the Moon would be as above,

N. Suppofing now, that the Moon’s orbit fhould
become inclined to the Ecliptic, as it is at prefent, but
that her nodes fhould have no motion therein ; and
every other circumftance fhould remain as in the laft
queftion ?

E. Then, the Sun would never be eclipfed at more
than 17 degrees from cither of the nodes, at the time
of any new Moon whatever ; nor would the Moon be
eclipfed at more than 12 degrees from either of the
nodes at any time whatever of being full. So that we
fhould have but few eclipfes (as is now the cafe) in
comparifon of the number of our new and full Moons.
And the eclipfes would be confined to the fame fea-
fons of the year ; for there would be half a year he-
tween thofe which happened about one node and about
the other, becaufe there would be juft half a year be-
tween the conjunétions of the Sun with one node and
with the other,

N. Every thing remaining as above, excepting the
ftability of the nodes, and of thofe two points of the
Moon’s orbit which are moft and leaft diftant from the
Earth : What would be the confequence if thefe points
acquired a diret or forward motion in the Moon’s or-
bit, and her nodes a backward or retrograde motion ;
as they now have ?

K E. 1
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E. 1 believe, every circumftance would be as it now
is : and therefore, we fhould have all the variety of
eclipfes that now exifts in nature.

N. Well done, Eudsfia! You have anfwered
all my queftions to my mind: which you could not
pofiibly have done, unlefs you had very well re-
membered the fubjeCts we have been upon, in all ous
Ten Dialogues. Thls, I‘. think, may be our laft on
Aftronomy ; becaufe your applying to books will fu-
perfede all neceflity of our having any more,

E. But I am extremely forry, brother, to have
heard yefterday, that you are to fet out for Italy ina
few days, which is much fooner than was expeéted. I
fhall mifs you fadly ;~——and as you will probably be
gone before I can read Fergufon’s Aftronomy quite
through; I fhould be glad to know whether you would
have me to read any other book upon the like fuby‘:&
afterward.

N. By all means, Here is Doétor Long’s Aftro-
nomy —take it and keep it ; for it will afford you a great
deal of entertaining and pleafing knowledge, efpecially
in the hiftorical part. You may . fkip over thofe
parts which are geometrical, as I fhall not now have
time to inftru¢t you in that branch of fcience. ’Tis
true, the volume is large; but I will anfwer for it, that
by the time you have got to the end, you will with it
had been much larger, and that the Do&or would fi-
nifh his fecond volume. '

E. Permit me, dear brother, to thank you moft fin-
gerely for this valuable prefent.

s
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The cfcy‘?fn_pa‘mn and ufe af the globes, and,
armillary [phere.

ﬁ}i"’#ﬁ F a map of the world be accurately The serrefs
¥ I ﬁ( delineated on a fpherical ball, the gl
f,ﬁs_ﬁf"" furface thereof will reprefent the
furface of the earth : for the higheft hills are fo
inconfiderable with refpeét to the bulk of the
earth, that, they. take off no more from its
roundnefs, thap grains of fand do from the
roundnefs of a common globe ; for the diameter
of the earth is 8000 miles, in round numbers,
and no known hill upon it is three m11e:s in per-

pendicular height, Sk
: K3 That
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:’amf:ﬁ= That thglearth_ is fpheri;al_, or round like &
Eﬁglﬂh“- globe, appears, 1. from its cafting a round
fhadow upon the moon, whatever fide be turned
towards her when fhe is eclipfed. 2. From its
- having been failed round by feveral perfons. 3.
From our feeing the farther, the higher we
ftand- 4. From our feeing the mafts of a thip,
whilft the hull is hid by the convexity of the
water. '

i:;bttatit The attrattive power of the earth draws all

pledon all terreftrial bodies towards ifs center j as is evi-
ﬂf?aﬁ;th' dent frem the defcent of bodies in lines perpen-
;“zfn;:frngf dicular to the earth’s furface, at the places
i:;lj:?:‘-“? whereon they fall ; even when they are thrown
off from the earth on oppofite fides, and confe~
guentl}r, in oppofite direftions. So that the
earth may be compared to a great magnet rolled
in filings of fteel, which attrafls and keeps
them equally faft to its furface on all fides.
Hence, as all terreftrial bodies are attratted
toward the earth’s center, they can be in no
danger of falling from any fide of the earth,

more than from any other,

Up and The heaven or fky furrounds the whole earth ;
dowvn, what. : :
and when we fpeak of #p or down, we mean
only with regard to ourfelves; for no point;
either in the heaven, or on the furface of the
‘earth, is above or below, but only with refpect
to ourfelves. And let us be upon what part of

the
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the earth we will, we ftand with our fect toward
its center, and ouf hedds toward the fky : and fo
we fdy, itis zp toward the fky; and down toward
the center of the earth.
To an obferver placed an}r where in the inde- All sbje@td

in the hea-
fimte fpace, where there is nothmg to limit his ey appear

view, all remote nh_}e&s appear equally diftant qu',t’i‘ﬂf
from him ; and feem to be placed in a vaft con-

tave fphere, of which his eye is the center.

Every aftronomer can demontlrate, that the

moon is much nearer to us than the fun is; that

fome of the planets are fometimes nearer to us,

and fometimes farther from us, than the fun;

that others of them never come fo near us as

the fun alwaysis ; that the remoteft planet in

our fyftem, is beyond comparifon nearer to us

than any of the fixed ftars are ; and that it is

| highty prcbﬁbfe' fome {tars are, in a2 manner; in-

finitely more diftant from us than others. And

yet all thefe celeftial objeéts appear equally .

dutant from us. ‘Therefore, if we imagine a Theface of
Jarge hollow fphere of glafs to have as many ;ﬁiﬁﬂ;”
bright ftuds fixed to its infide, as there are ftars [Prefnted
vifible 1n the heaven, and thefe fltuds to be of chines
different magnitades, and placed at the fame

angular diftances from each other as the ffars

are ; the fphere will be a true reprefentation of

the ftarry heaven,; to an eye fuppofed to be in

its center, and viewing if all around. And if a

fmall globe, with a map of the earth upon it,

be placed on an axis in the center of this ftarry

K 4 {phere,
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fphere, and the fphere be made to turn round
on this axjs, it will reprefent the apparent mo-
tion of the heavens round the earth.

If a great circle be fo drawn upon this fphere,
as to divide it into two equal parts, or hemif-
pheres, and the plane of the circle be perpendi-
cular to the axis of the fphere, this circle will
reprefent the eguinodtial, which divides the hea-
ven into two equal parts, called the northern and
the foutbern bemifpheres ; and every point of that
circle will be equally diftant from the poles, or
ends of the axis in the f{phere. That pole
which 1s in the middle of the northern hemif-
phere, will be called the north pole of the fphere,

and that which is in the middle of the fouthern

The :r:!":}b tic.

The fun.

hemifphere, the fouth pole.

If another great circle be drawn upon the
fphere, in fuch a manner as to cut the equinoc-
tial at an angle of 23% degrees in two oppofite
points, it will reprefent the ecliptic, or circle of
the fun’s apparent annual motion ; one half of
which is on the north fide of the equinoétial,
and the other half on the {outh.

If a large ftud be made to move eaftward in
this ecliptic, in fuch a manner 2s to go quite
round it, in the {ime that the {phere is turned
round weftward 366 times upon its axis; this
ftud will reprefent the fun, changing his place
every day a 36sth part of the eeliptic ; and

: going
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voing round  weftward, the fame way as the
itars do ; but with a motion fo much flower
than the motion of the ftars, that they will
make 366 revolutions about the axis of the
fphere, in the time that the fun makes only 365
During one half of thefe revelutions, the fun
will be on'the north fide of the equino&ial §
during the other half, on the fouth ; and at the
end of each half, in the equinoétials + -

ﬂ-:

If we fuppofe the terreftrial globe in this The earsi,
machine to be about one inch in diameter, and
the diameter of the ftarry fphere to be about
five or fix feet, a fmall infe€t on the globe
would fee only a very little portion of its fur-
face; but it would fee one half of the ftarry
fphere; the convexity of the globe hiding the
other half from its view. If the fphere be The appa-
turned weftward round the globe, and the infe&t L
could judge of the appearances. which arife vens.
from that motion, it would fee fome ftars rifing
to its view on the eaftern fide of the fphere,
whilft others were fetting on the weftern: but
as all the ftars are fixed to the fphere, the fame
{tars wobld always rife in the fame points of
view on the eaft fide, and fet in the {fame points
of view on the weft-fidle. With the fun it would
be otherwife, becaufe the fun is not fixed to any
point of the fphere, but moves flowly along an
oblique circle in it. And if the infe& fhould
look towards the fouth, and call that point of
the globe, where the equinoial in the fphere
feems
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feems to cut it on the left fide, the eaff point 3
and where it cuts the globe on the right fidey
the we/f point ; the little arimal would fee the
fun rife north of the eaft, and fet nofth of the
wefl, for IBz';;E revolutions 3 after which, for as
many more, the fun would rife fouth of the
eaft, and fet fouth of the weft: And in the
whole 365 revolutions, the fun would fife only
twice in the eaft point, and fet twice in the
weft. All thefe appearances would be the fame,
if the ftarry fphere ftood fhill (the fun only
moving in the ecliptic) and the earthly glob¢
were turned round the axis of the fphere eaft-
ward. For, as the infe& would be carried
round with the globe, he would be quite infen=
fible of its motion ; and the fun and ftars would
appéar to move weftward,

We are but very fmall beings when compared
with our earthly globe, and ?be globe itfelf is but
a dimesfionlefs point compared with the magni-
tude of the ftarry heavens. Whether the earth
be at reft, and the heaven turns round it, or thé
heaven be at reft, and the earth turns round, the
appearance to us will be exaély the fame. And
becaufe the heaven is fo immenfely large, in
comparifon of the earth, we fee one half of the
heaven as well from the earth’s furface, as we
could do from its center, if the limits of our view
are not intercepted by hills.

We
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We may imagine as many circles defcribed Circhs of b
upon the earth as we pleafe; and we may ima- Jtots
gine the plane of any circle defcribed upon the
¢arth to be continued, until it marks a circle in
the concave fphere of the heavens.

The berizon is either fenfible or rational. 'The The bori-
Jenfible horizon is that circle, which a man *™
{tanding upon a large plane, obferves to ter-
minate his view all around, where the heaven
and earth feem to meet. The plane of our fen-
fible horizon continued to the heaven, divides it
mto two hemifpheres ; one vifible to us, the
other hid by the convexity of the earth.

The plane of the rational horizon, is fuppofed
parallel to the plane of the fenfible; to pafs
through the center of the earth, and to be con-
tinued to the heavens, And although the plane
of the fenfible horizon touches the earth n the
place of the obferver, yet #bis plane, and that of
the rational horizon, will feem to coincide in the
heaven, becaufe the whole earth is but a point
compared to the fphere of the heaven.

The earth being a fpherical body, the hori-
zon, or limit of our view, muft change as we
change our place,

'The poles of the earth, are thofe two points on Pole
its furface in which its axis terminates, 'The
one
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one is called the north pole, and the other the
South pole.

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

"The equator is a great circle upon the earth;
every part of which is equally diftant from either
of the poles. Tt divides the earth into two equal
parts, called .the northern and ﬁufé;ri: hemif-
pheres. If we [uppofe the plaﬁe of this circle to
be extended to the heaven, it will mark the equi-
noliial therein, and will divide the hedven into
two' equal parts, called the nortbern and fouthern
hemifpheres of the heaven.

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

The meridian of any place is divided by the

: poles, into twa femicircles : that which _paffes

through the place is called the geographical, or

r:ppfr
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upper meridian 3 and that which pafles through

the oppofite place, is called the lower meri-
fﬂm:.

When the rotation of the earth brings the Noor and
plane of the geographical meridian to the fun, i i
it is noon or tmfd—daj to that place ; and when
the lower meridian comes to the fun, it is mid-
night,

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

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

They
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‘They whofe geographical meridian is 13
degrees eaftward from us, have noon, and every
other hour, an hour fooner than we have. They
whofe meridian is fifteen degrees weftward from
us, have noon, and every other hour, an hour
later than we ‘have: and fo on in proportion,
reckoning one hour for every fifteen degrees.

As the earth turns round its axis once in 24
hours, and fhiews itfelf all round to the fun in
that time 3 fo it goes round the fun once a year,
in a great circle called the ec/iptic, which crofles
the equinotial in two oppofite points, making
an angle of 23] degrees with the equino&ial on
each fide. So that one half of the ecliptic is in
the northern hemifphere, and the other in the
fouthern. It contains 360 equal parts, called
degrees (as all other circles do, whether great or
fmall) and as the earth goes once round it every

year, the fun will appear to do the fame, chang- -

ing his place almoft a degree, at a mean rate,
every 24 hours. So that whatever place, or de-
gree 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 equino&ial, 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 equino&ial, and
half a year on the north : and twice a year in
the equino&tial itfelf.

The
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The ecliptic 1s divided by aftronomers into 12 f;,ffj,,m
equal parts, called figns, each fign into 30 degrees,
and each degree 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 charaters of the 12 figns are
as follow ; beginning at that point of the ecliptic
where it crofles the equinoétial to the north-
ward, and reckoning eaftward round to the
fame point again. And the days of the months
. on which the fun now enters the figns, are fet
i down below them,

Aries, Taurus, Gemini, Cancer,
v ¥ 13 %
March April May June
20 20 21 21

Leo, Virgo, Libra, Scorpio

SL s = 1
July Auguft  September  O&ober
23 £3 &3 25
Sagittarius, Capricorn, Aquarius,  Pifces,
T VP = X
November December January February
22 21 20 18

By remembering on what day the fun enters
any particular fign, we may eafily find his place
any day afterward, whilft he is in that fign, by

' reckoning
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reckoning a degree for each day; which will

- occafion no error of confequence in ufing the

globes.

When the fun is at the beginning of dries, he
is in the equino&tial ; and from that time he
declines northward every day, until he comes to
the beginning of Cancer, which is 231 degrees
from the equino&ial : from thence he recedes
fouthward every day, for half a year; in the
middle of which half, he croffes the equinottial
at the beginning of Libra, and at the end of
that half year, he is at his greatet fouth decli-
nation, in the beginning of Capricorn, which is
alfo 232 degrees from the equino&ial. 'Then,
he returns northward from Capricorn every day,
for half a year ; in the middle of which half, he

croffes the equinoétial at the beginning of Aries 3

and at the end of it he arrives at Cancer.

The fun’s motion in the echiptic is not per~
feily equable, for he continues cight days lon-
ger in the northern half of the ecliptic, than in
the fouthern : fo that the fummer half year, in
the northern hemifphere, is eight days longer
than the winter half year ; and the contrary in
the fouthern hemifphere,

‘The #ropics are lefler circles in the heaven,
parallel to the equinollial ; one on each fide of
it, touching the ecliptic in" the points of its
greateft declination ; fo that each tropicis 232

“ degrees

e
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“degrees from the equinoflial, one on the north
fide of it, and the cther on the fouth. The
northern tropic touches the ecliptic at the begin-
ning of Cancer, the fouthern at the beginning
of Capricorn 3 for which reafon the former is
called the frepic of Cancer, and the latter the

tropic of Capricorn,

A3

‘The polar circles in the heaven, are each 23% Poarecir.

degrees from the poles, all around. That
which goes round the north pole, is called the
aridic circle, from ger18», which fignifies a bear;
there being a conftellation or groupe of ftars
near the north pole, which goes by that name.
The fouth polar circle, is called the antarstic
circle, from its being oppofite to the ar&lic.

The ecliptic, tropics, and poiar circles, are
drawn upon the terreflrial globe, as well as
vpon the celeftial. But the ecliptic, being a
great fixed circle in the heavens, cannot pro-
perly be faid to belong to the terrefirial globe
and is laid down upon it only for the conveni-
ency of folving fome problems, Sa rthaty if
this circle on the terreftrial globe was properly
divided into the months and days of the year, it
would not only fuit the globe better, but would
alfo make the problems thereon much eafier.

In order to form a true idea of the earth’s
motion round its axis every 24 hours, which is
the caufe of day and night ; and ¢f its motion

L in
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in the ecliptic round the fun every vear, which

is the cau’e of the different lengths of da};s and
nights, and of the viciflitude of feafons ; take
the following methed, which will be both eafy
and pleafant.

Let a fmall terieftrial globe, of about 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 eclipticy
the hoop making an angle of 23% degrees with
the plane of the table; hang the globe within
the hoop near to it; and if the tdble be level,
the equator of the globe will be parallel to the
table, and the plane of the hoop will cut the
equator at an angle of 231 degrees; fo that one
half of the equator will be above the hoop, and
the other half below it: and the candle will
enlighten one half of the globe, as the fun en-
lightens one half of the earth, whilft the other
half is in the dark.

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

continues
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Of the Heavens and the Earth.

continues to turn round, and to fhew itfelf all
around to the candle, carry it flowly reund the
hoop by the thread, from weft, by fouth, to
eaft ; which is the way that the earth moves
round the fun, once a year, in the ecliptic: and
you will fee, that whilft the globe continues in
the lower part of the hoop, the candle (being
then north of the equator) will conftantly fhine
round the north pole; and all the northern
places which go through any part of the dark,
will go through a lefs portion of it than they do
of the light ; and the more {o, the farther they
are from the equator : confequently, their days
are then longer than their nights. When the
globe comes to a point in the hoop, mid-way
between the higheft and loweft points, the
candle will be dire@tly over the equator, and

will enlighten the globe juft from pole to pole 5

and then, every place on the globe will go
through equal portions of light and darknefs, as
it turns round its axis ; and confequently, the
day and night will be of equal length at all pla-
ces upon it. As the globe advances thencefor-
ward, towards the higheft part of the hoop, the
candle will be on the fouth fide of the equator,
fhining farther and farther round the fouth pole,
as the globe rifes higher and higher in the hoop 3
leaving the north pole as much in darknefs, as
the fouth pole is then in the light, and making
long days and fhort nights on the fouth fide of
the equator, and the contrary on the north

L 2 ﬁd'ﬁ':
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fide, whilt the globe continues in the northern
or higher fide of rthe hoop: and when it comes
to the higheft point, the days will be at the
longeft, and the nights at the fhorteft, in the
fouthern hemifphere ; and the reverfe in the
northern.  As the globe advances and defcends
in the hoop, the light will gradually recede from
the fouth pole, and approach towards the north
pole, which will caufe the northern days te
lengthen, and the fouthern days to fhorten in the
fame proportion. When the globe comes to
the middle point, between the higheft and loweft
points of the hoop, the candle will be over the
equator, enlightening the globe juft from pole to
pole, when every place of the earth {except the
poles) will go through equal portions of light and
darknefs ; and confequently, the day and night-
will be then equal, all over the globe.

And thus at a very fmall expence, one may
have a delightful and demonftrative view of the
caufe of days and mights, with their gradual in-
creafe and decreafe in length, through the whole
year together, with the viffitudes of {pring,
fummer, autumn, and winter, in eack annual

3 4
courfe of the earth round the fun.

If the hoop be divided into 12 equal parts,
and the figns be marked in order upon it, be-
ginning with Cancer at the higheft point of the
hoop, and reckoning eaftward (or contrary to
the apparent motion of the fun) you will fee

how



The Terrefirial Globe deferibed.

how the fun appears to change his place every
day in the ecliptic, as the globe advances caft-
ward along the hoop, and turns round its own
axis: and that when the earth is in a low fign,
as at Capricorn, the fun muft appear in a high
fign, as at Cancer, oppofite to the carth’s real
place : and that whilft the earth is in the fou-
thern half of the ecliptic, the fun appears in
the northern half, and wice verfa : that the far-
ther any place is from the equator, between it
and the polar circle, the greater is the difference
between the longeflt and fhorteft day at that
place , and that the poles have but one day and
one night in the whole year,

Thefe things premifed, we fhall proceed to the
defeription and ufe of the terreftrial globe, and
cxplain the geographical terms as they occur'in
the problems.

This globe has the boundaries of land and
water laid down upun it, the countries and
kingdoms divided by dots, and coloured to diftin-
guifh them, the iflands properly fituated, the
rivers and principal towns inferted, as thE}r have
been afceriained upon the earth by meafurement
and obfervation.

The equator, ecliptic, tropics, polar circles,
and meridians, are laid down upon the globe in
the manner already defcribed. The ecliptic is
divided into 12 figns, and cach fign into 30

J s degrees,
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degrees, which are generally fubdivided into
halves, and into quarters if the globe is large.
Each tropic is 23} degrees from the equator,
and each polar circle 23} degrees from its re-
fpetive pole. Circles are drawn parallel to the
equator, at every ten degrees diftance from it on
each fide to the poles : thefe circles are called
parallels of latitude. On large globes there are
circles drawn perpendicularly through every
tenth degree of the equator, interfeéting each
other at the poles: but on globes of or under a
foot diameter, they are only drawn through
every fifteenth degree of the equator; thefe
circles are generally called meridians, fometimes
circles c:f longityde, and at other times bour-
circles,

The globe is hung in a brafs ring, called the
brafen meridian 3 and turns upon a wire in each
pole funk half its thicknefs into one fide of the
meridian ring ; by which means, fbat fide of the
ring divides the globe into two equal parts,
called the eaffern and weflern bemifpberes ; as
the equator divides it into two equal parts, called
the northern and foutbern hemifpberes. ‘This
ring is divided into 360 equal parts or degrees,
on the fide wherein the axis of the globe turns.
One half of thefe degrees are numbered, and
reckoned, from the equator to the poles, where
they end at 9o : their ufe 1s to fhew the latitudes
of places. The degrees on the other half of the
merigdian ring, are numbered from the poles to

' ' the




The Terrefirial Globe deferibed.

the equator, where theyend at go: their ufeisto
fhew how to elevate either the north or fouth
pole above the horizon, according to the latitude
of any given place, as it 1s north or fouth of the
qu.lﬁ.tﬂh

The brafen meridian 15 let into two notches
made in a broad flat ring, called the wosden bo-
rizon, the upper furface of which divides the
globe into two equal parts, called the upper and
Iswer bemifpheres, One notch is in the north
point of the horizon, and the other in the
fouth. On this horizon are feveral concentric
circles, which contain the months and days of
the year, the figns and degrees an{wering to the
fun’s place for each month and day, and the 3z
points of the compafs.—The graduated fide of
the brafs meridian lies towards the eait fide of the
horizon, and fthould be generally kept toward the
perfon who works problems by the globes.

There is a {mall borary circle, fo fixed to the
north part of the brafen meridian, that the wire
in the north pole of the globe is in the center of
that circle ; and on the wire is an index, which
goes over all the 24 hours of the circle, as
the globe is turned round its axis. Sometimes
there are two horary circles, one between each
pole of the globe and the brafen meridian
which is the contrivance of.the ingenious Mr.
Fofepb Harris, mafter of the affay-office in the
Tower of London ; and makes it very conve-

L g nient
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22 Directions for choofing Globes,

nient for putting the poles of the globe through
the horizon, and for elevating the pole to fmall
latitudes and declinations of the fung which
cannot be done where there is only cne Imrar}j
circle fixed to the outer edge of the brafen me-

ridian.

There is a thin flip of brafs, called the gua-
drant of altitude, which is divided into go equal
parts or degrees, anfwering exaétly to fo many
degrees of the equator. It is occafionally fixed
to the uppermoft point of the brafen meridian
by a nut and fcrew. The divifions end at the
nut, and the quadrant is turned round upen it.

As the globe has been feen by moft people,
and upon the figure of which, in a plate, nei-f
ther the circles nor countries can be properly
exprefied, we judge it would fignify very little
to refer to a figure of it ; and fhall therefore
only give fome direGions how to choofe a globe,
and then deferibe its ufe. ' :

Diretions T+ ce that the papers be well and neatly
f;r;lﬂﬂﬁ pafted cn the globes, which you may know, i.f
the lines and circles thereon meet exactly, and
continue all the way evenand whole; the circles
not breaking into feveral arches, nor the papers
cither coming fhort, or lapping over one ano-
ther. ' 5 dadl b ' : 1

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

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

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

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

6. See that the equine&ial line cuts the ho-
sizon in the eaft and weft points, in all elevati-
ons of the pole from o to go degrees.

7. See that the degree of the brafen meridian
marked with 0, be exalliy over the equinoétial
line of the globe.

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

fouth point,
| g- See
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Directions for chosfing Globes.

9. See that when the quadrant of altitude 1s
placed as far from the equator, on the brafen
meridian, as the pole is elevated above the
horizon, the beginning of the degrees of the
quadrant reaches juft to the plane furface of the
horizon.

10. See that whil{t the index of the hour-
circle (by the motion of the globe) paffes from
one hour to another, I5 degrees of the equator
pafs under the graduated edge of the brafen me-
ridian.

11. See that the wooden horizon be made
{fubftantial and ftrong : it being gencrally ob-
ferved, that in moft globes, the horizon is the
firft part that fails, en account of its having been
made too flight.

In ufing the globes, keep the eift fide of the
horizon towards you (unlefs your problem re-
quires the turning of it) which fide you may

know by the word Eaft upon the horizon ; for
then you have the graduated fide of the meridian
towards you, the quadrant of altitude before
you, and the globe divided exaltly into two
equal parts, by the graduated fide of the meri-
dian.

I working fome problems, it will be neceffa-
ry to turn the whole globe and horizon about,
' that
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that you may look on the weft fide thereof;
which turning will be apt to jog the ball fo, as
to fhift away that degree of the globe which
was before fet to the horizon or meridian: to
avoid which inconvenience, you may thruft in
the feather-end of a quill between the ball of the
globe and the brafen meridian ; which, without
hurting the ball, will keep it from turning in the
meridian, whillt you turn the weft fide of the
horizon towards you.

PROBLEM L

To find the * latitude and + longitude of any
given place upon the glabe.

Turn the globe on its axis, until the given
place comes exaly under that graduated fide
of the brafen meridian, on which the degrees
are numbered from the equator; and obferve

* The latitude of a place is its diftance from the equator,
and is north or fouth, as the place is north or fouth of the
equator, 'Thofe who live at the equator have no latitude, be-
caufe it is there that the latitude begins.

1 The longitude of a place is the number of degrees (rec-
koned upon the equator) that the meridian of the faid place is
diftant from the meridian of any other place from which we
reckon, either eaftward or weftward, for 180 degrees, or half
round the globe. The Englith reckon the longitude from the
meridian of London, and the French now reckon it from the
meridian of Paris. The meridian of that place; from which
the longitude is reckoned, is called the fir# meridian. The
places upon this mieridian lave no longitude, becaufe it is there
shat the longitude begins,

what
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what degree of the meridian the place then lies
under ; which is its latitude, north or fouth, as
the place is north or fouth of the equator.

The globe remaining in this pofition, the
degree of the equator, which is under the bra-
fen meridian, is the longitude of the place (from
the meridian of London on the Englifb globes)
which is eaft or weft, as the place lies on the
eaft or weft fide of the firft meridian of the
g]nbe.—-—ﬁ]l the Atlantic Ocean, and America, is
on the weft fide of the meridian of London ; and
the greateft part of Europe, and of Africa, toge-
ther with all Afia, is on the eaft fide of the me-
ridian of London, which is reckon the firff meri-
dian of the globe by the Englifb geographers
and aftronomers- -

PROBLEM R

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 weftward from the firft
meridian, as it is mentioned to be eaft or welt ;)
and bring the point of longitude in the equator
to the brafen meridian, on that fide which is
above the fouth puint‘ of the horizon : then
count from the equator, on the brafen meridian,
to the degree of the given latitude, towards the

| | north




The Ufe of the Terrefirial Globe.

north or fouth pole, according as the latitude 1s
north or fouth ; and under that degree of lati-
tude on the meridian, you will have the place
required.

PROBLEDN Il

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

Bring each of thefe places to the brafen meri-
dian, and fee what its latitude is: the leffer
latitude fubtrated from the greater, if both
places are on the fame fide of the equator, or
both latitudes added together, if they are on diffe-
rent fides of it, is the difference of latitude re-
quired. And the number of degrees contained
between thefe places, reckoned on the equator,
when they are brought feparately under the
brafen meridian, is their difference of longitude ;
if it be lefs than 150 : but if more, let it be
fubtracted 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 meridian, and the number of hours and
parts of an hour, paft over by the index, will
give the longitude in time; which may be
eafily reduced to degrees, by allowing 15 de-

grees
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grees for every hour, and one degree for every
four minutes.

N. B. When we fpeak of bringing any place
to the brafen meridian, it is the graduated fide
of the meridian that is meant,

PROBLEM IV,

Any place being given, to find all thofe places that
bave the fame longitude or latitude with it.

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

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

PROBLEM



The Ufe of the Terrefirial Glabe,

PiRO-B.1. E M. Vi

To find the * antceci, 1 periceci, and § antipodes,
of any given place.

Bring the given place to the brafen meridian,
and having found its latitude, keep the globe in
that fitvation, and count the fame number of
degrees of latitude from the equator towards the

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

+ The periacci are thofe people who live on the {ame parallel
of latitude, but on oppofite meridians : fo that though their
latitude be the fame, their longitude differs 180 degrees. By
being in the fame latitude, théy have equal elevations of the
fame pole (for the elevation of the pole is always equal to the
latjrude of the place) the fame length of days or nights, and
the fame feaforns. But being on oppofite meridians, when it
is noon to the one, it is mid-night to the other.

1 'The anripeder are thofe who live diametrically oppofite to
one another upon the globe, ftanding with feet towards feet,
on oppofite meridians and parallels. Eeing on eppofite fides of
the cquator, they have oppofite feafons, winter to one, when it
is fummer o the other; being equally diftant from the equater,
they have the contrary poles equally elevated ahove the horizon ;
being on oppofite meridians, when it is noon fo the one, it
muft be micdnight to the other ; and as the fun recedes from
the one when he approaches to the other, the length of the day

to one muft be equal to the length of the might at the fame

time to the other.
contrary
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contrary pole, and where the reckening ends,
you have the anfaci of the given place upon the
globe. Thofe who live at the equator have no

anteEci.

The globe remaining in the fame pofition, fet
the hour-index to the upper XII on the horary
circle, and turn the globe until the index comes
to the lower XII; then, the place which lies
under the meridian, in the fame latitude with
the given place, 1s-the periceei required. Thofe
who live at the poles have no periceci.

As the globe now ftands (with the index at the
fower XII) the antipodes of the given place will
be under the fame point of the brafen meridian
where its anteeci ftood before. Every place upon
the globe has its antipodes.

PROBLEM VI

To find the diflance between any twa places on the
gfai'e.

Lay the graduated edge of the quadrant of
altitude over both the places, and count the
number of degrees intercepted between them on
the quadrant ; then multiply thefe degrees by
60, and the produét will give the diftance in
geographical miles: but to find the diftance in
Englith miles, multiply the degrees by 6921, and

the
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the produc will be the number of miles required.
Or, take the diftance betwixt any two places
with a pair of compafles, and apply that extent
to the equator ; the number of degrees, inter-
tepted between the points of the compaffes, is
the diftance in degrees of a great circle * ; which
may be reduced either to geographical miles, or
to Engiifh’ miles, as above,

PROBLEM VIL

A place on the globe being given, and its diftance
Srom any otber place; to find all the other places
ftpon the gfai:f which are at the fame diffance
Jrom the given place,

Bring the given place to the brafen meridian,
and fcrew the quadrant of altitude to the me-

* Any circle that divides the globe inta two equal parts, is Great circls,
talled a grear circle, as the equator or meridian. Any circle
that divides the globe into two unequal parts (which every pa-
tallel of latitude does) is called a igfer circle. Now, as every Lefler circle;
circle, whether great or fmall, contains 360 degrees, and a
ﬂegmﬂ upon the equator or meridian contains 6o gecgraphical
miles, it is evident, that a degree of longitude upon the equa-
tor, 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 latitude are equally long
upon an artificial globe (though not precifely o upon the earth
itfelf) yet the degrees of longitude decreafe in length, as the
latitude increafes, but not in the fame proporticn. The fol-
lowing table thews the length of a degree of longitude, in geo-
graphical miles, and hundredth parts of a mile, for every de-
gree of latitude, from the equator to the poles: a degree on the

equater being 6o geographical miles, A
ridian,
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ridian, direCtly over that place ; then keeping
the globe in that pofition, turn the quadrant
quite round upon it, and the degree of the qua-
drant that touches the fecond place, will pafs
over all the other places which are equally diftant
with it from the given place.

This is the fame as if one foot of a pair ef

compafles was fet in the given place, and the

other foot extended to the fecond place, whofe
diftance is known ; for if the compalfles be then
turned round the firft place as a center, the
moving foot will go over all thofe places which
are at the fame diftance with the fecond frons.
b} o

A Table
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4 table fbewing the number of miles in a degree of lons
gitude, and in any given degree of latitude.
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PROBLEM VIIL

he bour of the day at any place being given, to
find all thofe places where it is noon at that

fime.

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

M 2
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upper XII, and then, all the places that lie

under the brafen meridian have noon at that
time.

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

equator 1s meant, unlefs the contrary fide be
mentioned,

PROBLEM IX.

The hour of the day at any place being given, ta
Sfind what o’clock it then is at any other place.

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

PROBLEM X
o find the fur’s place in the ecliptic, and his* de
clination for any given day of the year.

Look on the horizon for the g‘t{ren day, and
right againft it you have the degree of the fign in

* The fun’s declination is. his diftance from the equinofial in
degrees, andis north or fouth, as the fun is between the equi-
moctial and the north or fouth pole,

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

FRO B EM XE

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

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

A place being given in the * torrid zane, to find
thofe two days of the year, on which ihe Sun
fball be wvertical to that place,

Bring the given place to the brafen meridian,
and mark the degree of latitude that is exatly
over it on the meridian; then turn the globe
round its axis, and obferve the two degrees of
the ecliptic which pafs exaély 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 latitude of the
given place : and confequently, he will then be
vorilcal to it at noon.

e

* The globe is divided into five zones ; one torrid, two tem-
Jperate, and two frigid. The rorrid mone lies between the twa
tropics, and is 47 degrees in breadth, or zg% on each fide of the
equator : the tewmperate mones lie between the tropicsand polar
circles, or from 231 degrees of latitude, to 667, on each fide
of the equator ; and are each 43 degrees in breadth: the frigid
zones aré the {paces included within the polar circles, which
being each 231 degrees from their refpective poles, the breadthy
of each of thefe zones is 47 degrees. As the fun never goes
without the tropics, he muft every moment be vertical to fome
place or other in the torrid zone, ' s

e
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PROBLEM XIIL

To find all thofe places of the north frigid zone,
where the fun begins to fhine conflantly without
Setting, on any given day, from the 217 of
March, to the 23d of September,

On thefe two days, the fun is in the equi-
noctial, and enlightens the globe exaly 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 earth. But as the fun
declines from the equator, towards either pole,
he will fhine juft as many degrees round 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 211t of March to the 23d of September,
he muft conftantly fhine round the north pole
all that time ; and on the day that he is in the
northern tropic, he fhines upen the whole north
frigid zone; fo that no place within the north
polar circle goes through any part of the dark on
that day. ‘Therefore,

M 4 Having
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Having brought the fun’s place for the given
day to the brafen meridian, and found his decli-
nation (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 rec-
Koning ends : then, turning the globe round its
axis, obferve what places in the north frigid
zone pafs direCtly under that mark ; for they
are the places required. |

'The like may be done for the fouth frigid
zone, from the 23d of September to the 21t
of March, during which time the fun fhines
conftantly on the fouth pole.

PROBLEM XIV.

To find the place aver which the fun is vertical,
at any hour of a given day.

Having found the fun’s declination for the
given day (by Prob. IX.) mark it with a chalk
on the brafen meridian: then bring the p!ace:
where you are (fuppofe London) to the brafen
meridian, and fet the index to the given hour ;
which done, turn the globe on its axis, u.ntii.
the index points to XII at noon 3 and the place
on the globe, which is then direétly under the
point of the fun’s declination marked upon the

p meridian,
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aeridian, has the fun that moment in the zenith,
or directly over head.

RRO GBI KM XV

The day and hour at any place being given, to find
all thofe places where the fun is then rifing, or
fettings or on the meridian : confequently, all
thofe places which are enlightened at that time,

- and thofe which are in the dark,

This problem cannot be folved by any globe
fitted up in the common way, with the hour-
circle fixed upon the brafs meridian ; unlefs the
{un be on or near fome of the tropics on the
given day. But by a globe fitted up according
to Mr. fofeph Harris’s invention (already men-
tioned) where the hour-circle lies on the furface
of the globe, below the meridian, it may be
folved for any day of the vear, according to his
_methu:i; which is as follows,

Having found the place to which the fun is
vertical at the given hour, if the place be in the
niorthern hemifphere, elevate the north pole as
many degrees above the horizon, as are equal ta
the latitude of that place; if the place be in the
fouthern hemifphere, elevate the fauth pole ac-
cordingly ; and bring the faid place to the bra~
fen meridian. 'Then, all thofe places which are

in the weftern femicircle of the horizon, have
i . £
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the fun rifing to them at that time ; and thofe in
the eaftern femicircle have it fetting: to thofe
under the upper femicircle of the brafs meridian,
it is noon ; and to thofe under the lower femi-
circle, 1t 1s mid-night. All thofe places which
are above the horizon, are enlightened by the fun,
and have the fun juft 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 brafen meridian over
the place to which the fun is vertical ; and then,
laying it over any other place, gbferve what
number of degrees on the quadrant are intercept~
ed between 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 juft beginning ; in all thofe places that
are 18 degrees below the eaftern femicircle of
the horizon, the evening twilight is ending; and
all thofe places that are lower than 18 degrees.
have dark night.

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

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

PROBLEM XVI

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

‘The moon is never eclipfed but when fhe is
full, and fo direétly oppefite to the fun, thatthe
earth’s fhadow falls upon her. Therefore, what-

ever place of the earth the fun is vertical to at

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

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

But
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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 fhadow

~ covers 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 determine the places on which it falls,
recourfe muft be had to long calculations.

PROBLEM XVII,

T rectify the globe for the latitude, the * zenith,
and the fun’s place,

Find the latitude of the place (by Prob. 1)
and if the place be in the northern hemifphere,
vaife the north pole above the north point of the
horizon, as many degrees (counted from the
pole upon the brafen meridian) as are equal to
the latitude of the place. If the place be in the
{fouthern hemifphere, raife the fouth pole above
the fouth point of the horizon, as many degrees
as are equal to the latitude. Then, turn the
globe till the place comes under its latitude on

* The zenith, in this fenfe, is the higheft point of the brafen
gneridian above the horizon ; but in the proper fenfe, it is that
point of the heaven which is direétly vertical to any given place,
at any given inftant of time,

: the
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the brafen meridian, and faften the quadrant of
altitude fo, that the chamfered edge of its nut
(which is even with the graduated edge) may be
joined to the zenith, or point of latitude. ‘This
done, bring the fun’s place in the ecliptic for
the given day (found by Prob. X.) to the gradu-
ated fide of the brafen meridian, and fet the
hour-index to XII at noon, which is the upper-
moft XII on the hour-circle 3 and the globe
will be redtified,

43

The latitude of any place, is equal to the Remerk,

elevation of the neareft pole of the heaven above
the horizon of that place ; and the poles of the
heaven are directly over the poles of the earths
each go degrees from the equinoétial 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 go
degrees every way round, from that point
which is over our heads. Therefore, if we
were upon the equator, the poles of the heaven
would lie in our horizon, or limit of eur view :
if we go from the equator, towards either pole
of the earth, we fhall fee the correfponding pole
of the heaven rifing gradually abeve our hori-
zon, juft 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. Con-
fequently, the clevation or height of the pole in
degrees above the horizon, is equal to the num~

ber
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ber of degrees that the place is from the eqtia<
tor.

PROBLEM XVIH.

" The latitude of any place, not exceeding * 66}

degrees, and the day of the month, being given ;
to find the time of fun-rifing and fetting, and
confequently the length of the day and night.

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

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

* All places whofe latitude is more than 661 degrees, are in
the frigid zones : and to thofe places the fun does not fet in fum-
mer, for a certain number of diurnal revelutions, which occa-
fions this lunitation of latitude, :

PR O-
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PROBLEM XIX.

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

This problem is often limited : for, when the
fun does not go 18 degrees below the horizon,
the twilight continues the whole night ; and for
feveral nights together in fummery between 49
and 66% degrees of latitude : and the nearer to
66, the greater is the number of thefe nights,

But when it does begin and end, the following

method will fhew the time for any given day.

Re&ify the globe, and bring the fun’s place in
the ecliptic to the eaftern {ide of the horizong
then mark that point of the ecliptic with a
chalk which is in the weftern fide of the hori-
zon, 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 quadrant at the chalk-mark, until it
be juit 18 degrees high on the quadrant ; and
the index will point out the time when the
morning twilight begins: for the fun’s place
wiH then be 18 degrees below the eaftern fide of
the horizon. 'To find the time when the evening
¢wilight ends, bring the fun’s place to the

i wellern
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weftern fide of the herizon, and the point oppox
fite to it, which was marked with the chalk;
will be rifing in the eaft : then, bring the qua-
drant over that point, and keeping it thereons
* turn the globe weftward, until the faid point be
18 degrees above the horizon on the quadrant;
and the index will fhew the time when the
evening twilight ends; the fun’s place being
then 18 degrees below the weftern fide of the
horizon.

PROBLEM XX

T find on what day of the year the fun begins fo
Sfbine conflantly without [etting, on any givert
place in the north frigid zone 5 and bow long be
continues to do fo.

Reé&ify the globe to the latitude of the place,
and turn it about until fome point of the ecliptic,
between Aries and Cancer, coincides with the
north point of the horizon where the brafen me=
ridian cuts it : then find, on the wooden hori-
zon, what day of the year the fun 1s 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, be-
tween Cancer and Libra, coincides with the north
point of the horizon, where the brafen meridian
cuts it ; and find, on the wooden horizon, on

what



The Ufe of the Terreftrial Globe,

what day the fun is in that point of the ecliptic ;
which is the day that the {un leaves off conftantly
thining on the faid place, and rifes and fets to it
as to other places on the globe. 'The number of
natural days, or compleat revolutions of the fun
about the earth, between the two days above
found, is the time that the fun keeps conftantly
above the horizon without fetting : for all that
portion of the ecliptic, which lies between the
two points which interfect the horizon in the
very north, never fets below it: and there is
juft as much of the oppofite part of the ecliptic
that never rifes ; thercfore, the fun will keep as
long conftantly below the horizon in winter, as
above 1t in fummer.

Whoever confiders the globe, will find, that
all places of the earth do equally enjoy the be-
nefit of the fun, in refpeét of time, and are
equally deprived of it. For, the days and
nights are always equally long at the equator :
and in all places that have latitude, the days at
one time of the year are exaétly equal to the
nights at the oppofite feafon,

N PR O
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PROBLEM XXL

To find in wbat latitude the fun [bines conflantly
without fetting, for any length of time lefs
than * 1822 of our days and nights.

Find a pointin the ecliptic halfas many de-
grees from the beginning of Cancer (either toward
Aries or Libra) as there are + natural days in the
time given; and bring that point te the north
fide of the brafen meridian, on which the de-
grees 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.

® The reafon of this limitation is, that 12321 of our days and
nights make half a year, which is the longeft time that the fun
thines without fetting, even at the poles of the earth.

+ A natural day, contains the whole 24 hours: an artificiak
day, the ime that the fun is above the horizon.

P R O-
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PROBLEM XXIL

T be latitude of a place, not exceeding 66% degreet,
and the day of the month being given ; to find
the fun’s amplitude, or point of the compafs on
wbich be rifes or fets.

Reé&ify the globe, and bring the fun’s place
to the eaftern fide of the horizon ; then obferve
what point of the compafs on the horizon
ftands right againft the fun’s place, for that is
his amplitude at rifing. This done, turn the
globe weftward, until the fun’s place comes to
the weftern fide of the horizon, and it will cut
the point of his 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 cuts it ; and the fetting
amplitude, from the weft point of the horizon,
to the fun’s place at fetting.

PROBLEM XXIIL

The latitude, the fun’s place, and his * allitude,

being given 5 to find the bour of the day, and

the fun’s azimuth, or number of degrees that be
is diflant from the meridian.

Re&ify the globe, and bringthe fun’s place to
the given height upon the quadrant of altitude ;

A

* The fun’s altitude, at any time, is his height above the ho-

« rizon at that time,

N 2 on
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on the eaftern fide of the horizon, if the time
be in the forenoon ; or the weftern fide, if it be
in the afternoon : then, the index will fhew the
hour ; and the number of degrees in the hori-
zon, intercepted between the quadrant of alti-
tude and the fouth point, will be the fun’s true
azimuth at that time,

N. B. Always when the quadrant of altitude
is mentioned in working any problem, the gra-
duated edge of it is meant.

If this be done at fea, and compared with the
fun’s azimuth, as fhewn by the compafs, if they
agree, the compafs has no variation in that
place: but if they differ, the compafs does
vary ; and the variation is equal to this diffe-
rence.

PROBLEM XXIV.

The latitude, bour of the day, and the Sun’s
place, being given 5 to find the fun’s altitude
and azimuth.

Reétify 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 ho-
rizon ; and the degree of the horizon cut by the

quadrant -
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quadrant is the fun’s azimuth, reckoned from
the fouth.

PROBLEM XXV,

The latitude, the [un’s altitude, and bis azimuth
being given s to find bis place in the ecliptic,
the day of the manth, and bour of the day,
though they bad all been loft.

Retify the globe for the latitude and * ze-
ﬁith, and fet the quadrant of altitude to thegiven
azimuth in the horizon ; keeping it there, turn
the globe on its axis until the ecliptic cuts the
quadrant in the given altitude : that point of the
ecliptic which cuts the quadrant there, will be
the fun’s place ; and the day of the month an-
{wering thereto, will be found over the like
place of the fun on the wooden horizon. Keep
the quadrant of altitude in- that pofition, and
having h}ﬁught the fun’s place to the brafen
meridian, and the hour-index to XII at noon,
turn back the globe, until the fun’s place cuts
the quadrant of altitude again, and the index
will fhew the hour.

* By reflifving the globe for the zenith, is meant {crewing
the quadrant of altitude to the given latitude on the brafs me-
ridian,

N 3 Any
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Any two points of the ecliptic which are equi-
diftant from the beginning of Cancer or of Capri-
corn, Will have the fame altitude and azimuth at
the fame hour, though the months be different ,
and therefore it requires fome care in this pro-
blem, not to miftake both the month, and the
day of the month; to avoid which, obferve,
that from the 20th of March to the 211t of June,
that part of the ecliptic which 15 between the

_ beginning of Aries and beginning of Cancer is to

be ufed : from the 21ft of June to the 23d of
September, between the beginning of Cancer
and beginning of Libra : from the 23d of Sep-
tember to the 21{t of December, between the
beginning of Libra and the beginning of Capri-
corn 3 and from the 21t of December to the
20th of March, between the beginning of Ca-
pricorn and beginning of Jries. And as one can
never be at a lofs to know in what quarter of the
year he takes the fun’s altitude and azimuth,
the above caution with regard to the quarters of
the ecliptic, will keep him right as to the month
and day thereof.

PR O.-
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PROBLEM XXVIL

T find the length of the longeft day at any given
place.

If the place be on the north fide of the equa-
tor (find its latitude by Prob. L) and elevate the
north pole to that latitude ; then, bring the
beginning of Cancer % to the brafen meridian,
and fet the hour-index to XII at noon. But if
the given place be on the fouth fide of the equa-
tor, elevate the fouth pole to its latitude, and
bring the beginning of Capricora vp to the brafs
meridian, and the hour-index tp XII. This
done, turn the globe weftward, until the be-
ginning of Cancer or Capricarn (as the latitude
15 north or fouth) comes to the horizon ; and
the index will then point out the time of fun-
fetting, for it will have gone over all the after-
noon hours, between mid day and fun-fet ;
which length of time being doubled, will give
the whole length of ‘the day, from fm]-rlﬁng to
fun-fetting. For, in all latitudes, the fun rifes
as long before mid day, as he fets after it.

PROBLEM XXVIIL

To find in what latitude the longefl day is of any
given length lefs than 24 bours.
If the latitude be north; bring the beginning

of Cancer to the brafen mreridian, and elevate

N 4 the
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the north pole to about 65 degrees ; but if the
latitude be fouth, bring the beginning of Capri-
corn to the meridian, and elevate the fouth pole
to about 66; degrees, becaufe the longeft day in
north latitude, 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
hour-index to XII at noon, and turn the globe
weftward, until the index points at half the
number of hours given; which done, keep the
globe from turning on its axis, and {lide the
meridian down in the notches, until the afore-
faid point of the ecliptic (viz. Cancer or Capri-
corn) comes to the horizon ; then, the elevation
of the pole will be equal to the latitude re-
quired,

PROBLEM XXVIIL

The latitude of any place, mot exceeding 662 de-
grees, being given 5 to find in what * climate
the place is.

Find the length of the longeft day at the
given place by Prob. XXVI. and whatever be the

* A Climarte, from the equator to either of the polar circles,
is a traft of the earth's furface, included between two fuch
parallels of latifude, that the length of the longeft day in the
one excesds that in the other by half an hour ; but from the
polar circles to the poles, where the fun keeps along above the
horizon withcut fetting, each climate differs a whole month
from the one next to it. There are twenty-four climates be-
tween the equator and each of the polar circles ; and fix from
sach polar circle to its refpective pole, = = - "

1 i number
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number of hours-whereb}r it exceedeth twelve,
double that number, and the fum will give the
climate in which the place is.

PROBLEM XXIX.

The latitude and the day of the month, being giveny
to find the bour of the day when the fun [bines.

Set the wooden horizon truly level, and the
brafen meridian due north and fouth by a ma-
riner’s compafs : then, having reltified the
globe, ftick a fmall fewing-needle into the fun’s
place in the ecliptic, perpendicular to that part
of the furface of the globe : this done, turn the
'glnbe on its axis, until the needle comes to the
brafen meridian, and fet the hour-index to XII
at noon ; then, turn the globe on its axis, until
the needle points exaltly towards the fun
(which it will do when it cafts no fhadow on
the globe) and the index will fhew the hour of
the day.

PROBLEM XXX

A pleafant way of fhewing all thofe places of the
earth which are enlightened by the [un, and alfo

the time of the day when the fun fbines.

'Take the terreftrial ball out of the wooden

horizon, and zlfo out of the brafen meridian;
then
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then fet it upon a pedeftal in fun-fhine, in fuch
a manner, that its north pole may point di-
re@ly towards the north pole¢ of the heaven,
and the meridian of the place where you are be
dire&tly towards the fouth. Then, the fun will
fhine upon all the like places of the g'obe, 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
1s divided from the half in the fhade, by the
boundary of the light and darknefs : all thofe
places, en which the fun fhines, at any time,
having day; and all thofe, on which he does
not fthine, having night.

&

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

We fhall here add the following obfervations
on the Terreftrial Globe, and then proceed ta
the Ufc of the Celeftial Gloke, &5%.

1. The



‘Obfervations concerning it.

1. The latitude of any place is equal to the ele-
vation of the pole above the horizon of that place,
and the elevation of the equator is equal to the
complement of the latitude, that isy, o what the
latitude wants of QO degrees.

2. Thaofe places which lie on the equator, have

no latitude, it being there that the latitude begins 5

and thofe places which lie on the fir/t meridian have

no longitude, it being there that the longitude begins,

Confequently, that particular place of the earth

- wwhere the firft meridian interfeéts the equators has
neither longitude nor latitude.

3. In all places of the earth, except the poles,
all the points of the compafs may be diftinguifbed in
the bovizon : but from the north pole, every place
is fouth 5 and from the fouth pole, every place ts
north. Therefore, as the fun is conflantly above
the horizon of each pole for half a year in its
turn, he cannot be ﬁn’d to depart from the meri-
dian of cither pole for half a year together. Con-
Jfequently, at the north pole it may be faid to be
noon every moment for balf a years and lat the
winds blow from what part they willy they muft
always blow from the fouth 5 and at the fouth pale,
Jfrom the north.

4. Becaufe one balf of the ecliptic is above the
horizon of the pole, and the fun, moon and planets,
move in (or nearly in) the ecliptic 3 they will all

i
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rife and fet to the poles. But, becaufe the flars
never change their declinations from the equator
(at leaft not fenfibly in one age) thofe which are
once alove the horizon of either pole, never fet be-
low it 5 and thofe which are once below it, never

rfﬁ.

5. All places of the earth do equally enjoy the
benefit of the fun, in refpect of time, and are
equally deprived of 1it.

6. Al places upon the equator have their days
and nights equally long, that is, 12 bours each,
at all times of the year.  For although the fun de-
clines alternately, from the equator towards the
north and tewards the fouth, yet, as the borizon of
the equator cuts all the parallels of latitude and de-
clination in balves, the fun mufl always continue
above the horizon for one balf a diurnal revolution
about the earth, and for the other balf below it,

7. W hen the fuir’s declination is greater than the
latitude of any place, upon either fide of the equa-
tory the fun will come twice to the fame azimuth
or point of the compafs in the forenoon at that place ;
and twice to a like azimuth in the afternoon ; that
is, he will go twice back every day, whilf} his
declination continues to be greater than the latitude,
Thus, [uppofe the globe relisfied to the latitude of
Barbedoes, which is 13 degrees north 5 and the fun
to be any where in the ecliptic, between the middle
of Taurus and middle of Leo 5 if the quadrant of

altitude
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altitude be [et to about * 18 degrees north of the
eafl in the horizon, the [un’s place be marked with
a chalk upon the ecliptic, and the glbe be then
turned weflward on its axis, the faid mark will
rife in the horizon a little~to the north of the qua-
drant, and thence afcending, it will crofs the qua-
drant towards the fouth 5 but before it arrives at
the meridian, it will crofs the quadrant 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 defcends from the meridian towards the borizon,
in the afternoon.

8. In all places of the earth between the equator
and poles, the days and nights are equally long,
viz. 12 hours eachy, when the fun is in the equi-
noltial 5 for, in all elevations of the pole, fhort of
90 degrees (which is the greatefl) ene balf of the
equator or equinoeltial will be above the horizany and
the other balf below it.

9. The days and nights are never of an equal
length at any place between the equater and polar
circles, but when the fun enters the figns ' Aries
and = Libra. For in every other part of the e-
cliptic, the circle of the fun’s daily motion is divided
into two unequal parts by the horizon,

-2

®* From the middle of Gemini to the middle of Cancer, the
quadrant may be fet a0 degrees,
10, The
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10. The nearer that any place is to the equator,
the lefs is the difference between the length of the
days and nights in that place 5 and the more remote,
the contrary. The circles which the fun defcribes in
the heaven every 24 hours, being cut more nearly
equal in the former cafe, and more unequally in the
latter.

11. In all places lying upon any given paralle!
of latitude, however long or fhort the day or night
be at any one of thefe places, at any time of the
year, it is then of the fame length at all the refl ;
for in turning the globe round its axis (when rec-
tified according to the fun’s declination) all thefe
places will keep equally long above or belaw the ho-
riZON. |

12. The fun is wvertical twice a year to every
place between the tropics 5 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 ecliptic, whofe declination
from the equator is equal to the latitude of that
place 5 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 3 and
as the fun never goes without the tropics, he can

never be wvertical to any place that lies without
them.

13. Tﬂ
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13- Toall places in the * torrid zone, the du=
Yation of the twilight is leafl, becaufe the fun’s
datly motion is the moft perpendicular to the hori-
zon. Inthe frigid + zones, greatefl 5 becaufe the
Jun's daily motion is nearly parallel to the horizon 5
and therefore be is the longer of getting 18 degrees
below it (till which time the twilight always con-
tinues.) And in the T temperate zomes it is at a
medium between the two, becaufe the obliquity of
the fun’s daily mation is fo.

14, dn all places lying exaftly under the polar.
circles, the fun, when be is in the nearefl tropic,
continues 24 hours above the horizon without fet-
ting 3 becanfe no part of that tropic is below their
horizon. And when the fun is in the farthefl tro-
picy, he is for the fame length of time without rif-
ing ; becaufe no part of that tropic is above their
borizon. But, at all other times of the year, be
rifes and fets therey as in other places 5 becaufe all
the circles that can be drawn parallel to the egua-
tor, between the tropics, are more or lefs cut by
the horizon, as they are farther frem, or nearer
to, that tropic which is all above the horizon : and
when the fun is not in either of the tropics, his di-

urnal courfe mufl be in one or other of thefe cir-
cles.

ST

* Between the tropics.
4+ Between the polar circles and poles,
1 Bexween the tropics and polar circles,
15. Tv
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15. To all places in the northern bemifphere,
from the equator to the polar circle, the longeft day
Shortef? night is when the fun is in the northern tropic ;
and the fhorteft day and longeft night is when the

 funis in the fouthern tropicy becaufe no circle of
the fur’s daily motion is fo much above the horizon,
and fo little below ity as the northern tropic 5 and
none [o little above it, and fo much below it, as the
fouthern, In the fouthern hemifphere the contra-

Ve

16. In all places between the polar circles and
poles, the fun appears for fome number of days (or
rather diurnal revolutions) without fetting ; and
at the oppafite time of the year without rifing 5 be-
caufe fome part of the ecliptic never fets in the for-
mer cafe, and as much of the oppofite part never
rifes in the latter. And the ncarer unto, or the
more remote from the poley thefe places are, the
Ionger or fborter is the fun’s continual prefence or
abfence.

17. If a fbip fets out from any port, and Jails
round the earth eaftward to the fame port again,
let her take what time fbe will to do it in,the peaple
in that fbip, in reckoning their time, will gain one
compleat day at their return, or count one day more
than thofe wha refide at the fame port ; becaufe, by
going contrary to the fun’s diurnal metion, and bea
ing forwarder every evening than they were in the
merning, their horizon will get fo much the fooner

above
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above the fetting fun, than if tihey had kept for a
whole day at any particular place,  And thus, by
cutting off a part proportionable to their own mo-
tion, from the length of every day, they will gain
a compleat day of that fort at their return ; with-
out gaining one moment of abfolute time more than
15 elapfed during their courfe, to the peaple at the
port.  If they Jail welward, they will reckon one
day lefs than the people do who refide at the faid
porty becaufe by gradually following the apparent
diurnal motion of the fun, they will keep bim each
particular day fo much longer above their horizon,
as anfwers to that day’s courfe 5 and by that means,
they cut off a whole day in reckoning, at their re
turn, without lofing one mmment of abfolute time,

Hence, if two fhips fhould fet out at the fame
time from any port, and fail round the globe, one
eaftward and the other weflward, fo as to meet at
the fame part on any day whatever 5 they will differ
two days in reckoning their time at their return,
If they fail twice round the earth, they will differ
Jour a’a__ys 3 if thrice, then fix, &c. '

O THE






The Ufe of the Celeflial Globe, Os

b
tHE USLE oF THE

CELESTIAL GLOBE,

AND

ARMILLARY SPHERE,

HHHEL AVING done for the prefent with The ceipial
3 H ¥ the terreftrial globe, we fhall proceed &
M{ to the ufe of the celeflial ; firft pre-
mifing, that as the equator, ecliptic, tropics,
polar circles, horizon, and brafen meridian, are
exaltly alike on both globes, all the former pro-
blems concerning the fun are folved the fame
way by both globes. The method alfo of reéti-
fying the celeftial globe is the fame as reflifying To retify
the terreftrial, viz. Elevate the pole according =
to the latitude of your place, then fcrew the
quadrant of altitude to the zenith, on the brafs
meridian ; bring the fun’s place in the ecliptic
to the graduated edge of the brafs meridian, on
the fide which is above the fouth point of the

0 2 wooden



66

Latitude
and fongi-
rude of the

Hars,

_l:a.";grn'-

The Ufe of the Celeflial Gloke.

wooden horizon, and fet the hour-index to the
uppermoft X1I, which ftands for noon.

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

‘The latitude and lngitude of the flars, or of
;l! other celeftial phenomena, are reckoned in g
very different manner from the latitude and
longitude of places on the earth: for all ter-
reftrial -iatitudcs are reckoned from the equator ;
and lﬂngltudes from the meridian of fome re-
markable place, as of London by the Lnglith,
and of Paris by the French ; though moft of the
French maps begin their longitude at the meri-
dian of the ifland Ferro.——But the aflronomers
of all nations agree in reckoning the Jatitudes of
the moon, ftars, planets, and comets, from the
m!':pfw ; and their longitudes from the * egui-
notlial colure, in that femicircle of it which cuts
the ecliptic at the beginning of Aries v 5 and

thence eaftward, quite round, to the fame femi-
circle again. Confequently thofe ftars which lie

* Ths great circle that paffes through the egr:.-mm‘?mf points at
the beg cinning of V" and 2, and through the poles of the
world (which are two oppéfite points, each go degrees from
the equinodiial) called the eguimadiial colurc: and the great
¢ircle that paffes through the beginving of @5 and 4%, and alfb
through the poles of the ecliptic, and poles of the world, is
called the folffitial colure. = N '

R : : between
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between the equino&ial and the northern half of
the.ecliptic, have north declination and fouth
latitude ; thofe which lie between the equinoétial
and the fouthern half of the ecliptic, have
fouth declination and north [atitude ; and all
thofe which lie between the tropics and poles,
have their declinations and latitudes of the fame
denomination,

There are fix great circles on the celeftial
globe, which cut the ecliptic perpendicularly,
and meet in two oppofite points in the polar
circles ; which points are each ninety degrees
from the ecliptic, and are called its poles. Thefe
polar points divide thofe circles into 12 femicir-
cles; which cut the ecliptic at the beginnings of
the 12 figns. They refemble fo many meridians
on the terreftrial globe ; and as all places which
lie under any particular meridian femicircle on
that globe, have the {ame longitude, fo all thofe
points of the heaven, through which any one
of the above femicircles are drawn, have the
fame longitude—And as the greatelt latitudes on
the earth are at the north and fouth poles cf the
earth, fo the greatelt latitudes in the heaven, are
at the north and fouth poles of the ecliptic,

In order to diftinguifh the flars, with regard
to their fituations and pofitions in the heaven,
the antients divided the whole vifible irmament
of ftars into particular fyftems, which they

O3 _";allt:d
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called conflellations ; and digefted them into the
forms of fuch animals as are delineated upon the
celeftial globe. And thofe ftars which he be-

tween the figures of thofe imaginary animals,
and could net be brought within the compafs of
any of them, were called unformed flars.

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 fmatl
angles, and to be en 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 go quite 8 degrees from
it on either fide, the antients diftinguifhed that
fpace by two leffer circles, parallel to the ecliptic
{cne on each fide) at 8 degrees diftance from it.
And the fpace included between thefe circles,
they called the zodiae, becaufe moft of the 12
conftellations placed therein refemble fome
living creature.~——Thefe conftellations are, 1.
Aries ", the ram; 2. Taurus %, the bull;
3. Gemini 1, the twins; 4. Cancer %, the
crab; 5. Les $1, the lion ; 6. Firgo my, the
virgin; 7. Libra =, the balance; 8. Scorpse

M, the feorpion ; g.ﬁ*agit.faﬂ'u; T, the archer;

10, Capricarnus vy, the goat; 11. Ajuarius v,

the water bearer ; and 12. Fifces X, the fifhes,

It is to be obferved, that in the infancy of
aftronomy, thefe twelve confiellations ftood at
or near the places of the ecliptic, where the

above
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above charafteriftics are marked upon the
globe : but now, each conftellation has got a
whole fign forwarder, on account of the re-
ceflion of the equino&ial points from their
former places. ~ So that the conftellation of Aries,
is now into the former place of Taurus; that of

Taurus, into the former place of Gemini; and
fo on.

The ftars appear of different magnitudes te
the eye; probably becaufe they are at different
diftances from us. Thofe which appear bright-
eft and largeft, are called flars of ibe firfl magni-
fude ; the next to them in fize and luftre; are

called flars of the fecond magnitude ; and fo on to

the fixth, which are the fmalleft that can be
difcerned by the bare eye.

Some of the moft remarkable ftars have names
given them, as Caffor and Pollux in the heads of
the Twins, Sirius in the mouth of the Greaf
Dog, Procyon in the fide of the Little Dog,
Rigel in the left foot Orion, Arélurys near the
right thigh of Baofes, &c.

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

04 P R O-
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PRA0 B-LeBiMiol.

To find the * right afcenfion and t declination of
the fun, or any fixed flar.

Bring the fun’s place in the ecliptic to the
brafen meridian, then that degree in the equi-
rio€tial which is cut by the meridian, is the fun’s
7ight afcenfion; and that degree of the meridian
which is over the fun’s place, is his declination.
Bring any fixed ftar to the meridian, and its

right afcenfion will be cut by the meridian in the

equinottial ; and the degree of the meridian
that ftands over it, 1s its declination.

So that right afcenfion and declination, on the
celeftial globe, are found in the fame manner as

Jongitude and Jatitude on the terreftrial-

* The degree of the equinodtial, reckoned from the beginning
of Aries that comes to the meridian with the fun or flar, isits
right afcenfon.

+ The diftance of the fun or flar in degrees from the equi-
noétial towards cither of the poles, north or fouth, is its de-
cliation, which is north or fouth accordingly.

P R O-
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PROBLEM IL

To find the latitude and longitude of any flar.

If the given ftar be on the north fide of the

eclipticy place the goth degree of the quadrant
of altitude on the north pole of the ecliptic,
where the twelve femicircles meet; which
divide the ecliptic into the 12 figns: but if the
ftar be on the fouth fide of the ecliptic, place
the goth degree of the quadrant on the fouth
-pole of the ecliptic : keeping the goth degree of
the quadrant on the proper pole, turn the qua-
drant about, until its graduated edge cuts the
ftar : then, the number of degrees in the qua-
drant, between the ecliptic and the ftar, is its
latitude ; and the degree of the ecliptic cut by
the quadrant is the ftar’s longitude, reckoned
according to the fign in which the quadrant
then is.

PROSBL EM IIL

To reprefent the face of the flarry firmament, as
Jeen from any given place of the earth, at any
bour of the night.

Reétify the celeftial globe for the given lati-
tude, the zenith, and fun’s place, in every
relpect,

71
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tefped, as taught by the 14th problem, for the
terreftrial ; and turn it about, until the index
points to the given hour: then, the upper
hemifphere of the globe will reprefent the
vifible half of the heaven for that time: all the
ftars upon the globe being then in fuch fitua-
tions, as exallly correlpond to thofe in the
heaven. And if the globe be placed duly north

and fouth, by means of a {mall fea-compafs,

every ftar on the globe will poiut toward the
like ftar in the heaven : by which means, the
conftellations and remarkable ftars may be eafily
known. Al thofe ftars which are in the eaftern
fide of the horizon, are then rifing in the eaf-
tern {ide of the heaven ; all in the weftern, are
fetting in the weftern fide; and all thofe under
the upper part of the brafen meridian, between
the fouth point of the horizon and the north
pole, are at their greateft altitude, if the latitude
of the place be north : but if the latitude be
fouth, thofe ftars which lie under the upper part
of the meridian, between the north point of the

horizon and the fouth pole, are at their greateft
altitude,

PR O-
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1

PROBLEM IV

Tbe latitude of the place, and day of the month,
being given 3 to find the time when any known
Slar will rife, or be upon the meridian, or fet,

Having retified the globe, turn it about until
the given flar comes to the eaftern fide of the
horizon, and the index will fhew the time of the
ftar’s rifing 3 then turn the globe weftward, and
when the {tar comes to the brafen meridian, the
index will thew the time of the ftar’s coming to
the meridian of your place ; laftly, turn om,
until the ftar comes to the weflern fide of the
horizon, and the index will fhew the time of the
ftar’s fetting.

N. B. In northern latitudes, thofe ftars which
are lefs diftant from the north pole, than the
quantity of its elevation above the north point
of the horizon, never fet ; and thofe which are
lefs diftant from the fouth pole, than the number
of degrees by which it is deprefled below the
horizon, never rife: and wice verfa in fouthern
latitudes. '

PR O

73



74

The Ufe of ihe Celeflial Gloke,  °

PROBLEM V.

T find at what time of the year a given flar will
be upon the meridian, at a given bour of the
nrght, |

Bring the given ftar to the upper femicircle of
the brafs meridian, and fet the index to the
given hour ; then turn the globe, until the index
points to XII at noon, and the upper femicircle
of the meridian will then cut the fun’s place,
anfwering to the day of the year fought ; which
day may be eafily found againft the like place
of the fun among the figns on the wooden
herizon.

PROBLEM VL

Tbe latitude, day of the month, and * azimuth of
any known flar being given 5 to find the bowr of
the night. |

Having reftified the globe for the latitude,
zenith, and fun’s place; lay the quadrant of
altitude to the given degree of azimuth in the

* The number of degrees that the fun, moon, or any ftar,
is from the meridian, either to the eaft or weft, is called its

ezimuth,
horizon -
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horizon: then turn the globe on its axis, until
the ftar comes to the graduated edge of the
quadrant ; and when it does, the index will
point out the hour of the night,

PROBLEM VIL

The latitude of the place, the day of the montb,
and altitude * of any known flar, being given ;
to find the bour of the night.

Redtify the globe as in the former pro-
blem, guefs at the hour of the night, and
turn the globe until the index points at the
fuppofed hour; then lay the graduated edge of
the quadrant of altitude over the known ftar,
and if the degree of the ftar’s height in the
quadrant upon the globe, anfwers exallly to the
degree of the ftar’s obferved altitude in the
heaven, you have guefled exaétly : but if the
ftar on the globe is higher or lower than it was
obferved to be in the heaven, turn the globe
backwards or ferwards, keeping the edge of the
quadrang upon the ftar, until its center comes
to the obferved altitude in the quadrant; and
then, the index will thew the true time of the
night.

—_—

* The number of degrees that the ftar is above the horizon,
a5 oblerved by means of a common quadrant, is called its alti-

fide,
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PROBLEM VIIL

< An eafy method for finding the bour of the night by
any known flars, without knowing either their
altitude or azimuth 5 and then, of finding both
their altitude and azimuth, and thereby the trus
meridian.

*I'ie one end of a thread to a common mufket
bullet ; and, having reétified the globe as above,
hold the 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 ftars at once. ‘Then, guefling 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 gueffed the time exadtly ; but if it
does not, turn the globe {lowly backwards or
forwards, until the quadrant (kept upon either
ftar) cuts them both through their centers : and
then, the index will point out the exaét time of
the night ; the degree of the horizon, cut by
the quadrant, will be the true azimuth of both
thefe flars from the fouth ; and the ftars them-
felves will cut their true altitude in the quae

drant,
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drant. At which moment, if a2 common azi-
muth compafls be fo 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 alti-
tude has in the wooden horizon of the globe, a
thread extended over the north and feuth points
of that compafs will be dire@ly in the plane
of the meridian : and if a line be drawn upon
the floor or pavement, along the courfe of the
thread, and an upright wire be placed in the
fouthmeft end of the line, the fhadow of the
wire will fall upon that line, when the fun is on
the meridian, and fhines upon the pavement,

PROBLEM IX.

To find the place of the moon, or of any pfmw& and

thereby 1o fbhew the time of ifs rifing, JSouthing,
and [etting.

Seek in Parkes’s or Weaver’s Ephemeris the *
geocentric place of the moon or planet in the
ecliptic, for the given day of the month ; and,
accerding to its longitude and latitude, as thewn
by the Ephemeris, mark the fame with a chalk
upon the globe. Then, having re&ified the
globe, turn it round its axis weftward ; and as

* The place of the moon or plaget, as fecen fram the earth,
igcailed its geogontric place, - = -
- ? the

e
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the faid mark comes to the eaftern fide of the
horizon, to the brafen meridian, and to the weft-
ern fide of the horizon, the index will fhew at
what time the planet rifes, comes to the meri-
dian, and fets, in the fame manner as it would

do for a fixed ftar,

PROBLEM X,

o explain the pbenomena of the baruefl-maon,

In order to do this, we muft premife the follow-
ing things. 1. That as the fun 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 almoft a degree every 24 hours at a
mean rate. 2. That as the moon goes round
the ecliptic once in 27 days and 8 hours, fhe
advances 13 degrees in 1t, every day at a mean
rate. 3. That as the fun goes through part
of the ecliptic in the time the moon goes
round it, the moon cannot at any time be either
in conjunétion with the fun, or oppofite to him,
in that part of the ecliptic where fhe was fo the
laft time before ; but muft travel as much for-
warder, as the fun has advanced in the faid
time ; which being 2¢} days, makes almoft a
whole fign. Therefore, 4. The moon can be
but once a year oppofite to the {un, in any par-
gicular part of the ecliptic. 5. That the moon
is never full but when the is oppofite to the fun,

becaufe

F
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becaufe at no other time can we fee all that half
of her, which the fun enlightens. 6. That
when any point of the ecliptic rifes, the oppofite
point fets. ‘Therefore, when the moon is op-
pofite to the fun, fhe muft rife at % fun-fet. 7.
That the different figns of the ecliptic rife at
very different angles or degrees of ebliquity with

-the horizon, efpecially in confiderable latitudes ;

and that the fmaller this angle is, the greater is
the portion of the ecliptic that rifes in any {fmall
part of time ; and wice verfa. 8. That, in nor-
thern latitudes, no part of the ecliptic rifes at
fo fmall an angle with the horizon, as Pifees and
Aries do.; therefore, a greater portion of the
ecliptic rifes in one hour, about thefe figns, than
about any of the reft. g. That the moon can
never be full in Pifces and Aries but in our au-
tumnal months, for at no other time of the

year is the fun in the oppofite figns Firgs and
Libra.

Thefe things premifed, take 13 degrees of
the ecliptic in your compafles, and, beginning
at Pifces, carry that extent all round the eclip-
&ic, marking— the places with a chalk, where the
points of the compafles fucceffively fall. So you
will have the moon’s daily motion marked out

* This is not always ftrictly true, becaufe the moon does not
keep in the ecliptic, but croffes it twice every month. However
the difference need not be regarded in a general explanation.

] & for
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for one compleat revolution in the ecliptic (ae-
cording to § 2 of the laft paragraph.) »

Reétify the globe for any confiderable nor-
thern latitude, (as {uppofe that of London) and
then, turning the globe round its axis, obferve
how muéh 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 ec-
liptic as the moon goes through in a-week) will
all rife fucceflively about Pifces and Aries, in the
time that the index goes over two hours. There-
fore, whillt the moon is in Pifces and Aries, fhe

will not differ in general above two hours in
her rifing for a whole week: - But if you take

notice of the marks on the oppofite figns, Vir-
go and Libra, you will find that feven of them
take nine hours to rife ; which thews, that when
the moon is in thefe two figns, fhe differs nine
hours in her rifing within the ;pmﬁg{h of #
week., And fo rhuch later as every mark is

rifing than the one that'rofe next before it, fo
much !ater will the moon” be of rifing any day,
than fhe was on the day before, in 'the correl-
ponding part of the heaven. ‘The marks about
Cancer and Capricorn rife with a mean difference
of time between thofe about Aries and Libra,

Now
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Now, although the moonis in Pifces and Aries
every. month, and therefore muft rife in thofe
figns within  the fpace of two hours later for a
whole week, or only about 17 ‘minutes later eves:
ry day than fhe did on-the-former s yet fhe is
never full in thefe figns, but in our autumpal:
months, dugufl and Seplember, when' the fun isi
in Virgo and Libra. ‘Therefore, no full moon
in the year will continue to rife fo near the time
of fun-fet for -a week or fo, as thefe two full
moons do, which fall in the time of harveft.

In the winter months, the moon is in Pifces
and Aries about her firft quarter'y’ and as thefe figns
rife about neon in winter, the moon’s rifing in
them pafﬁ:s unobferved. In the fprmg months,
the moon chan-:res in thefe ﬁg}ns, and mn[tquent..
ly rifes at the fame time with the fun; fo that
it is impoflible to fee her ar that time. In the
fummer months fhe is in thefe fg'u. about her
third quarter, and rifes not until mid- -night,
when her rifing is but vﬂ_\,r lictle taken notice of ;
efpeclallv as fhe is on the uecrf:af;:. But in the
harvcﬂ: mnnlhs fhe is at lhe full, thn m thefe
figns, and being. ﬂppﬂﬁte to, the fun, ﬂle rifes
when the fun f;,t& (or foon afn:r} -and fhmea all
the night.

e
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In fouthern latitudes, Pirgo and Libra rife at
as fmall angles with the horizon, as Pifces and

Aries do in the northern ; and as ovr {pring is at.

the time of their harveft, it is plain their harveft

full moons muft be in irge and Libra; and will

therefore rife with as little difference of time, as
ours do in Pifces and Aries.

For a fuller account of this matter, I muft
refer the reader to my Aftronomy, in which it is,

defcribed at large,

PROBLEM XL

To explain the equation of time, or difference of
time between well-regulated clocks and true fun-
dials.

The earth’s motion on its axis being perfeétly
equable, and thereby caufing an apparent equa-
ble motion of the flarry heaven round the fame
axis, produced to the poles of the heaven; it is
plair that equal pnrt-inns of the celeftial equator
pals over the meridian in equal parts of time,
becaufe the axis of the world is perpendicular to
the planie of the equator. And therefore, if the
fun kept his annual courfe in the celeftial equa-
tor, he would always revolve from the meridian

to

e e ———— e




The Ufe of  the Celeftial Glibe,
to the meridian again in 24 hours exally, as
fhewn by a well-regulated clock.

But as the fun moves in the ecliptic, which is
oblique both to the plane of the equator and axis
of the world, he cannot always revolve from
the meridian to the meridian again in 24 equal
hours; but fometimes a little fooner, and at
other times a little later, becaufe equal portiong
of the ecliptic pals 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 around the equatar and ecliptic, at equal
diftances from one another {fu-ppdl'e 10 degrees)
beginning at Aries or at Libra, where thefe two
circles interfe& 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 Aries to the beginning of
Cancer, Fﬂl’ﬁﬂ fooner to the brafen meridian
than their correfponding marks do on the equa-
tor; thofe in the fecond quadrant, or from the
beginning of Cancer to the beginning of Libra,
come later ; thofe in the third quadrant, from
Libra to Capricorn, fooner ; and thofe in the

fourth, from Capricorn to Ariesy later. But

thole at the beginning of each quadrant come tg
. the meridian at the fame time with their corref.
ponding marks on the equator,

P 3 Therefore,
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Therefore, whillt the fun is in the firft and
third quadrants of the ecliptic, he comes fooner
t._ﬁ the meridian every day than he would do if
he kept in the equator ; and confequently he 1s
fafter than a well-regulated clock, which always
keeps equable or equatorial time: and whilit heis
in the fecond and fourth quadrants, he comes
later to the meridian every day than he would
do if he kept in the equator; and is therefore
flower than the clock, But at the beginning of
each quadrant, the fun and clock are equal.

=l

And thus, if the fun moved equably in the
ecliptic, he would be equal with the clock on
four days of the year, which would have equal
intervals of time between them. DBut as he
moves fafter at fome times than at others (being
eight days longer in the northern half of the

‘ecliptic than ia the fouthern) this will caufe a

fecond inequality ; which combined with the

former, arifing from the obliquity of the ecliptic
to the equator, makes up that difference, which

is fhewn by the common equation tables to be
between good clocks and true fun-dials.

The









Of the Armillary Sphere.,

The Defcription and Ufe of the
Armillary Sphere.

HOEVER has feen a common ar-
W millary fpbere, and underftands how to
ufe it, muft be fenfible that the machine here
referred to, is of a very different, and much
more advantageous conftruCtion. And whoever
has feen the curious glafs {phere invented by Dr.
Lowxc, or the ﬁgure of it in his Aftronomy,
muft know that the furniture of the terreftrial
globe in this machine, the form of the pedeftal,
and the manner of turning either the earthly
globe, or the circles which furround it, are
all copied from the Doétor’s glafs {phere; and
that the only difference is, a parcel of rings ine

{tead of a glafs celeftial globe ; and all the addi-,

ditions are a moon within the {phere, and a femi-
circle upon the pedeftal.

Py The
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The armil-
dary ppbere,

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
equinoctial 4 4, which is divided into 360 de-
grees ( beginning at its interfetion with the
ecliptic in Aries) for thewing the fun’s right
afcenfion in degrees ; and alfo into 24 hours, for
fhewing his right afcenfion in time. 2. The
ecliptic 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 fun is, on any given day, ftands over that
day in the circle of months. 3. The tropic of
Cancer C C, touching the ecliptic at the be-
ginning of Cancer in ¢, and the tropic of Capri-
corn D D, touching the ecliptic at the beginning
of Capricorn in f; each 231 degrees from the
equinottial cirele. 4. The arlic circle E, and
the antarclic circle F, each 237 degrees from its
refpe€live pole at N and §. 5. The equino&ial
colure G G, pafling through the north and fouth

-poles of the heaven at Nand §, and through the

equinoétial points Aries and Libra, in the
ecliptic. 6. The folftitial colure H H, pafling
through the poles of the heaven, and through
the folftitial points Cancer and Capricorn, in the
ecliptic. Each quarter of the former of thefe

colures is divided into go degrees, from the
equinoctial
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equinoftial to the poles of the world, for
fhewing the declination of the fun, moon,
and ftars ; and each quarter of the latter, from
the ecliptic at ¢ and £, to its poles & and d, for
fhewing the latitudes of the ftars.

In the north pole of the ecliptic is a nut &,
to which is fixed one end of a quadrantal wire,
and to the other end a fmall fun ¥, which is
carried round the ecliptic B B, by turning the
nut : and in the fouth pole of the ecliptic is a
pin at d, on which is another quadrantal wire,
with a fmall moon Z upon it, which may be
moved round by hand : but there is a particular
contrivance for caufing the moon to move in an
orbit which croffes the ecliptic at an angle of 5%
degrees, in two oppofite points called the moon’s
nodes 3 and alfo for fhifting thefe points back-
ward in the ecliptic, as the moon’s nodes fhift in
the heaven. |

Within thefe circular rings is a fmall terref~
trial globe J, fixt on an axis KK, which ex-
tends from the north and fouth poles of the
globe at # and s, to thofe of the celeftial fphere
at VN and §. On this axis is fixt the flat celeftial
meridian L L, which may be fet direCly over
the meridian of any place on the globe, and then
turned round with the globe, fo as to keep over
the fame meridian upon it. This flat meridian

13
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is ‘graduated the fame 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, fo as to turn upon two ftrong
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 meri-
dian upon it, dire@tly under the celeftial
meridian L L. The horizon is divided into
360 degrees all around its outermoft edge,
within which are the points of the com-
pafs, for fhewing the amplitude of the fun
and moon, both in degrees and points. The
celeftial meridian L L paffes through two notches
in the north and fouth points of the horizon, as
in a common globe: but here, if the globe be
turned round, the horizon and meridian turn
with it. At the fouth pole of the fphere is a
circle of 24 hours, fixt to the rings, and on the
axis is an index which goes round that circle, if
the globe be turned round its axis.

The whole fabrick is fupported on a pedeftal
N, and may be elevated or deprefled upon the
joint O, to any number of degrees from o to 9o,
by means of the arc £, which is fixed into the
{trong brafs arm @, and flides in the upright

piece
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piece R, in which is a fcrew at r, to fix it at any
proper elevation.

In the box 7 are two wheels (as in Dr.
Long’s {phere) and two pinions, whofe axes
come out at / and U; either of which may be
turned by the fmall winch 7. 'When the winch
1s put upon the axis /, and turned backward, the
terreftrial globe, with its horizen and celeftial
meridian, keep at reft ; and the whole fphere of
circles turns round from eaft, by fouth, to weft
carrying the fun 2, 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 keep at reft ; and
the earth, with its horizon and meridian, turn
round from weft, by fouth, to eaft; 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 carried round
it; thewing that they rife and fet in the fame
points of the horizon, and at the {ame times
in the hour-circle, 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 fphere be
turned, the hour-circle goes round below the
index.

And
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And fo, by this conftru&ion, the machine is
equally fitted to thew either the real motion of
the earth, or the apparent motion of the hea-
ven.

To re&ify the [phere for ufe, firit flacken the
fcrew r in the upright ftem R, and taking hold
of the arm &, move it up or down until the
given degree of latitude for any place be at the
fide of the ftem R; and then the axis of the
{phere will be properly elevated, fo as to ftand
parallel to the axis of the world, if the machine

be fet north and fouth by a fmall compafs : this
done, count the latitude from the north pole,

upon the celeftial meridian L L, down towards
the north notch of the horizon, and fet the ho-
rizon to that latitude ; then, turn the nut &
until the fun ¥ comes to the given day of the

year in the ecliptic, and the fun will be at its

proper place for that day : find the place of the
moon’s afcending node, and alfo the place of the
moon, by an Ephemeris, and fet them right
accordingly : laftly, turn the winch /#, until
either the fun comes to the meridian L L, or
until the meridian comes to the fun (according
as you want the {phere or earth to move) and fet
the hour-index to the XII, marked noon, and
the whole machine will be reified.—Then turn
the winch, and obferve when the fun or moon

rife



Of the Armillary Sphere.

rife and fet in the horizon, and the hour-
index will fhew the times thereof for the given
day.

As thofe who underftand the ufe of the globes
will be at no lofs to work many other problems
by this fphere, it is needlefs to enlarge any far-
ther upon it.

Yaereet
&

%

T HE - END.
























