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Advertifement,

HE defign of the following Trea-

tife is to thew, that Young Gentle-
men and Ladies may acquire a compe-
tent knowledge of Aftronomy, without
any previous knowledge of Geometry
or Mathematics. How far the Author
has fucceeded in this, is left to the judg-
ment and decifion of his impartial Read-
crs ; to whom, if his labours be agree-
able and inftruttive, the purpofe for

“which he wrote will be fully anfwered.
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1T HE

YOUNG GENTLEMAN and LADY’s

ASTRONOMY.

R S B T T G T S M R R O
DIAILOGIUUE 1

QOn the MoTioN, FiGURE, and DIMENSIONS
of the EARTH,

Neander.

»O OD morrow, f{ifter; this is an
early vifit——1I have thought,
for thefe few days fince I came
home, that you are anxious
about fomething or other. Pray, may Iafk
what it is?

Eudofia. Indeed, brother, I am,---but am

almoft afraid to tell you what it is.
B N. Theg
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N. Then you muift think me much
changed fince I went to CAMBRIDGE. You
know I always loved and efleemed you,
on account of the goodnefs of your heart,
which fhone forth with the greateft luftre
in the whole of your deportment.—I am
ftill the fame as before, excepting the im-
provement I have made at that famous uni-
verfity ; where, not only the {ublime f{ci-
ences are taught by the greateft mafters,
but the “truths of the Chriftian religion
proved in the letures which I have con-
fltantly attended.—You know that you and
I ufed to converfe familiarly before I went
thither: let us do fo ftill.

E. Dear brother, I cannot exprefs how
much you oblige me by this behaviour.—
I was afraid before to tell you my mind;
but now I will, efpecially as you are to be
here for fome confiderable time before you
{et 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, 1n wanting to know what the bulk
of mankind think our fex have no bufinefs
with.

N. Pray,
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N. Pray, Evposia, what is that?

E. It is nothing lefs than to be in fome
meafure acquainted with the {fublime {ci-=
ence of Aftronomy; for I have been told,
that of all others, it is the beft for enlarg-
ing our minds, and filling them with the
moft noble ideas of the GreaT CrEATOR
and his works ; and confequently of draw-
ing us nearer to Him, with an humble
fenfe of our own meannefs, and of every
thing that the greateft art of man can per-
form.

N. Indeed, fifter; whoever told you {o,
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 at-
tempting to learn what men fay is fit only
for men to know ?

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

E. Now; let me {peak freely.—I have
been told, aftronomers pretend that the {un
ftands ftill, and thar the earth turns round.

What do you fay to this’—I know you
B2 honour
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honour the Bible, and it aflerts the con-
trary. 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 {fuflicient to convince me that
they could proceed from none but Gop:
and therefore, I had much rather baulk
all my inclinations to learning, than learn
any thing that would prejudice my mind
againit the Bible.

N. Dear fifter, I admire the goodnefs of
vour heart.—You may depend upon it, 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 {tri¢t literal fenfe. If we did, we thould
believe that Our Saviour was a¢ually a
vine at one time, a door at another, and
at a third tme a lamb. The Scriptures
were given us, to teach us what we thould
believe, and how we thould behave, in
order to attain and {ecure to ourfelves the
favour of our Maker here, and our per-
petual felicity hereafter; which are things
infinitely -more 1nterefting to us than all
| 2 other
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other knowledge and wealth in the world.
—They fpeak according to the common
apprehenfions of mankind, in thofe points
which are merely fpeculative, and have no
dire¢t tendency to influence our morals;
and, as they never were intended to in-
ftrut us in experimental philofophy, or
aftronomy, or in any thing elfe that we
could acquire by our own induftry without
them, nothing that regards thefe {ciences
can either be deduced or inferred from
them.—One might with as good reafon
take up a law-book and expeét to find a
fyftem of geography in it, as take up the
Bible with a view to find a {yftem of aftro-
nomy therein.

E. What you have f{aid is rational and
juft; and now, if you pleafe, 1 fhould
be glad to enter upon our intended fub-
ject.—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, efpecially at noon in
fummer ? | 1

N. High and low are only relative terms;
for, when the fun i1s at his loweft depref-
fion with refpect to us, He is dircétly over-

B 2 - head
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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 anyone
can ftand direétly oppofite to him, on the
undermoft fide of the earth; or rather,
how he can hang to it, with his head
downward, and not fall off to the lower
iky.

E. That is what I have often wonder-
ed at, when I have heard it afirmed 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 fz1l off from the
lower {eas ; or that thefe fhips and {eas do
not fall off to the lower tky altogether?

N. What we call weight 1s caufed by az-
traction—The earth attracts all bodies on
or near 1ts furface, towards its center,
equally on all fides, every particle of mat-
ter alike; and therefore thofe bodies which
contain the greateft number of particles of
matter, acquire from this attraction the
greateft and moft forcible preflure ; and
confequently have (what we call) the

greateft
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greatelt weight.—The earth may be com-
pared to a great round loadftone rolled in
filings of iron, which attrats equally on
all fides ; fo that they cannot fall off even
from its undermoft fide: nay, it will take
them up from a table, if they be within
the fphere of its attraction.—By and by,
you thall be fatisfied with refpect to your
query about the {un.

E. So far I underftand you very well;

but ftill it feems odd to me that people
thould 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 to 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
vou, and fhall 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

| B4 only
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only enlighten one half of the earth at
any given inftant of time, and the other
half muft then be in the dark; this mo-
tion of the earth will caufe the different
places on its furface to revolve through
the light and the dark in twenty-four
hours; in which time, of courfe, they
muft have a day and a night: and at the
inftant when it is mid-day at one place,
it muft be mid-night at the oppofite.——
Do you belicve what I {ay with refpect to
the earth’s turning round?

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

- N. Then, be pleafed to ftand up for a
minute.——1It is now feven o’clock in the
morning, and you think you are ftanding
upright, on .the uppermoft fide of the
c¢arth.—You will think the fame if you
ftand upright at feven o'clock in the even-
ing, when theearth has turned half round,
becaufe you will then perceive no differ-
ence of pofture: and yet, at that time,

you will be very nearly in the {fame pofi~
tion as a perfon is juft now, who ftands
Ring b 8 on
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on the fide of the earth oppofite to us:
which perfon being as ftrongly attracted
by the earth there, towards its center, as
we are here, he is in no more danger of
falling off downward, than we are at pre-
fent of falling upward.

E. Pardon me, fir; if you had not been
at the univerfity, I fhould have thought
falling upward a very improper expreflion.

N. So it 1s; and I do aflure you that I
never heard fuch an expreflion at the uni-
verfity, nor do I remember ever to have
ufed it before.—But, to proceed.

Up and dewn are only relative terms,
Let us be on what part of the carth 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 attrac-
tion. So that, with regard to open {pace,
what is #p from any given point of the
earth’s {furface, is down from the oppofite
point thereof. And as the fky furrounds
the whole earth, we call it zp toward the
{ky over our heads, be where we will;
and down from our place toward the center
of the earth.

E. Theny
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E. Then, to be fure, we can perceive
no difference, as to our pofition at dif-
ferent times of the day. - You have quite
fatisfied me in this: but, pray, how can
the earth move, and we not fecl its mo-
tion?

N. I heard you was at Plymouth laft
year ; had you not then the curiofity to
go aboard fome of the ﬂnps there, or at
the Dock?

£. My papa and I went to the Dock,
with a fmall party of gentlemen and
ladies. Mr. Falconer, who was then mafter
of the Belleifle, happened to be on fhore;
and obferving that we were firangers, he
moft politely invited us to fee his thip,
which was then lying with many others
in the Hamoaze. We moft willingly ac-
cepted his inviration, and he took us all
out in his boat; fthewed us firft into the
cabin of the 1hip, and, as it was in the
afternoon, he genteelly treated the gentle-
men with wine, and the ladies with tea ;
after which, he fhewed us the whole in-
{ide of his fhip of war. The way that
the different apartments are laid out, ef=
pecially the powder-magazine, and how
' it
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it is fecured from being dangerous; the
method of fteering the helm, and many
other things which I cannot well remem-
ber, was a fight not only highly entertain-
ing, but greatly furprifing; and I could
not help wondering how it was poffible
for the art of man to contrive and build
fuch a wonderous huge machine, and how

it could bemanaged and conducted thrm,l]’gh
the pathlefs feas.

N. Tt is furprifing indeed! but how in-
finitely more fo 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 {wiftnefs
as you will be amazed to hear of; and
yet, at the end of each circuit they begin
the fame over again, at the fame parts
of {pace from which he fet them off at
firf.——And the difpofition of all the
apartments of the fhip will not bear to
be compared, not only with the flructure
of the human body, but even with that

of
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of the meaneft animal on earth.—Was the
day calm or windy?

E. Scarce a breath of wind was ftirring :
the fun fhone clear, which made the {ur-
face of the water around us have a very
pleafing afpect: and the fight of the thips
about’ us, and of the town, was a moft
beautiful profpect.

M I fuppofe you looked out through
the, cabin windows whilft you were at tea.

—-Did you fee the fame objeéts all the
while? o _

E. I looked out very often; the firft
object 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 foon loft fight of it, and other objeéts
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 thip the contrary
way.

N. True: but did you feel the motion of
the thip?

E. Not in the Iéaﬁ; and the whole .
company agreed, that if we had not look-
ed
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ed out, we fhould not have thought 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
regular and uniform than the motion of a
thip, or any other machine that human
art can contrive.

E. I confels it is.—But if the earth
turns round, how comes it to pafs that a
ftone thrown directly 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
fun, moon, and ftars appear to move from
~ Eaft to Weft. Now, I fhould imagine,
that a ftone or ball thrown dire&ly up-
ward from any place, would fall as far
to the weftward of that place, as the place
itfelf has got to the eaftward, whilft the

{tone
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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 motion will perfevere
in that motion till fome thing or other
turns it afide, or ftops its courfe. The
ftone 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 ftill communicated to
the ftone; and therefore its motion was
as quick eaftward while 1t was rifing and
falling in the open air, as the earth’s mo-
tion is: fo that it could not mifs falling
down again upon the fame part of the
earth. And although it would have ap-
peared to a fpectator to afcend and defcend
in the fame perpendicular line, yet its real
‘motion was in a curve, and would mani-
feftly have appeared fo to an obferver at
reft in the open air, on whom the earth’s
motion had no effect.

If a large boat was failing along, near
thie {thore, two perfons oppofite to one ano-
ther in the boat might tofs a ball to each
other, over and over acrofs the boat, to

catch
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catch for their diverfion; and they would
imagine it to be only going to and fro,
from one perfon to the oppofite, always in
the fame line ; whereas ’tis certain, that the
progreflive motion of the ball, going from
one fide to the other, would be equal to
the progreflive 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 backward
in the {fame line, yet, to an obferver on
the thore, who 1s no way aftected by the
motion of the boat, the ball would be feen
to have a zigzag motion, never returning
to either perfon in the fame line in which
he toffed it toward the other.

E. You have fully convinced me that
there is nothing conclufive in my argu-
ment againft the earth’s motion. And,
in confirmation of what you faid about
a body’s being put in motion, that it will
naturally perfevere thérein, till fome caufe
or other turns it afide, or flops its courfe,
I had once the experience thereof; and
very painful it was. For, crofling our
river in the boat, I ftood up when it was

| | about
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about half way over; and as its motion
was uniform by the men pulling the rope,
I was quite infenfible both of its motion
and my own. DBut when it ftopt fuddenly
againft the bank of the river, I fell for-
ward on my face, and was much hurt by
the fall. Whereas, if 1 had not, without
knowing any thing of the matter, natu-
rally perfevered in the motion given me by
the boat, I could not have fallen when it
was ftopt.

N. Indeed, Euposia, you have given a
true philofophical account of the caufe of
your failing: and now, I think we may,
for the prefent, have done talking of this
madtter.

E. I think fo too; for, {peaking of the
fall makes me almoft imagine I ftill feel
,1t —But, pray, how do you prove that the
earth is round like a globe ?

N. T'will prove zhat immediately. The
fun fhines in through the window—

E. What then?

N. Have paticnce a minute, and look
at this {mall globe in my hand, and the
flat circular plate that lies on the table.—
You fee the globe may be hung by the

thread
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thread which is faftened to 1t. I now
twift the thread, anid hang the globe by
it in the beams of the fun; and the globe
cafts a thadow on #hat upright board be-
hind it. You fee that the globe turns by
the untwifting of the thread; but let it
turn how it will, it always cafls as round a
thadow 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 untwiit-
ing of the thread, its thadow is of an ova)
ficure on the board; and when its edge
is turned toward the fun, its thadow on
the board is only a narrow ftraight line.

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

N. The earth always cafts a thadow to-
ward that part of the heaven which is op-
pofite to the fun; and the moon appears
as flat to us as the board on which the
fhadow of the fmall globe was projected.

When the earth’s thadow falls upon the
G ' Ooon,
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moon, we fay, the mom is eclipfed. Thele
eclipfes happen at all different times of the
twenty-four hours; and, confequently,
when all the different fides of the earth
are fucceffively turned toward the Sun.
Bur the earth’s thadow on the moon is
always bounded by a circular line; and
therefore, it is plain, that the earth mutt
be of a globular fhape.—Yor, if it were
thaped like ¢kis flat circular plate, its fha-
dow on the moon could never be’ circular
but when its broad-fide was turned direct-
ty toward the {fun. ' At other times, the
fhadow would be either of an oval figure,
or only a {lraight line, as you have feen
on the board. There are feveral other
ways of proving that the earth is round;
but I believe ycu are fatisfied that it is fo,
from what I have now thewn you.

E. I am entirely fatisfied, and therefore
more proofs would be f{uperfluous. Bug
I {hould now be glad to know how you
prove that the earth turns round; and that
the {fun does not go round the earth.

N. Before I proceed to the demontflra-
tion, I will afk you a very plain queftion,.
which I hope you will not take amifs,

as
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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 {mall bird on a
{pit, and put it to the fire ; whether 1s it
the beft way to turn the {pit round with
the bird, or to lec the {pit ftand ftill, and
move the fire round about it:?

E. Your queftion almoft furprifes me,—
for, not to {peak of the wifdom of man,
{fure no woman of common fenfe could be
{o abfurd, as to fet about contriving how
to make the large fire and grate be car-
ried round the {pit.

N. True, Eudopa. Now I can affure
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, 18 to be moved round a fmall bird on
a {pit.—And as no man in his {enfes would
go to work on fuch an abfurd attemprt,
would it not be horrid blafphemy to fup-
pofe, that the DEITY, who is the very

eflence of wifdom and perfetion, would
do fo?

C 2 E. Heaven
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E. Heaven forbid the thought! the bare
mentioning fucii a thing is enough to
chill ‘one’s blood. Were I fure, that
the {fun could be proved to be a million
of times as big as the earth, I thould atk
no farther demonftration of the ftability
of the fun and the motion of the earth;
becaufe I thould naturally conclude, that
the fun is a million of times more unfit
to move.than the earth is. And, as the
moft. {uperlative degree of wifdom and
reafon is in the Deity, ’tis impoffible for
me to imagine he could do any thing that
is irrational. My belief is, that he al-
ways makes ufe of the feweft, moft fimple,
and moft rational means, to produce the
greateft, moft noble, and moft aftonifhing
cffedts ; 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 firaight
- line within itfelf, pafling through its cen-
ter, and terminating in its North and South

points,
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points, which are called its North and
South poles; as an orange would turn
round in the open air, if you firft {et it
a-whirling, and then throw it off your
hand in the air. '
Water naturally runs downward, all
around the earth, from thefe parts which
are higheft, or farthelt from the center,
toward thofe which are loweft, or neareft
to it: and this 1s caufed by the power of
theearth’s central attraction, whichdraws
the water and all other bodies that way.
Now, if the earth was perfectly round,
and fmooth like a polithed globe, all the
parts of its furface would be equidiftant
from its center; and water could never
run upon it. About three-fourth parts of
the earth’s {furfaceis covered with the {eas,
which join or communicate with each
other. And if the earth had no motion
round 1its axis or center, the attractive
force (which is equal all around at equal
diftances from the center) would caufe
the {urface of the feas to be of a per-
fectly round and globular form.
E. Undoubtedly it would : for then, as
every particle of the waters {furface weuld
£33 be
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be drawn with equal force toward the
earth’s center, and thefe particles do touch
each other ; none of them could get near-
er 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 perfeltly globular;
what do you think the confequence would
be, if the earth fhould begin, and conti-
nue to turn round on a line within it-
felf, as if it turned on a real axis?

- E. Let me think a little.—I have ob-
ferved, that when our maid took hermop
out of a pail of water, the head of the
mop was round : but when fhe began to
trundle it on her arm, ‘1t immediately
became flattened at the parts of the ftick
which were even with its {fuface; and
it fwelled out in the middle.—Pray, bro-
ther, 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 is within the mop be
called the axis round which the mop
turns; as you have told me that fuch a
line within the earth, from its North to

2 s
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its South poles, is called the axis of the
earth ’--If fo, feeing that the watersonthe
earth are of as yielding a nature as the
cotton of the mop; I apprehend, that if
theearthturned round its axis, the {urface
of the {eas about the poles would become
flat, and the furface of the {feas which are
fartheft from the poles woyld {well out,
all around: and fo, the figure of theearth

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, Idid
not mean that it is ftri¢tly fo ; although
at the diftance of the moon, it would ap-
pear to be round, as its thadow on the
moon does to us. I do not here confider
the hills asany thing, becaufe they are fo
little in comparifon to the whole bulk of
*he carth, that they take off no more from
its roundnefs in general, than grains of
duft do from the roundnefs of that {mall
three inch globe which you {ee on the
table. J7¢ is quite round, and covered all
over with paper, on which there is a map
of the land and water on the earth’s {fur-
C 4 face.
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~ face. The middle line (fee Fig. 1. of
PLATE 1.) or circle, that is drawn round
it, 1s called the Equator, which divides the
globe into two equal parts, called the
Northern and Southern Hemifphberes, or half
globes. The North and South Poles are the
middle points of the North and South hemi-
{pheres, cach pale being a quarterof acir-
cle diftant from each point of the equa~
tor, all around: and a ftraight line drawn
through the center 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 lictle flattened at the poles, and com-
paratively fo much {welled out about the
equator; but if it were then viewed from
the diftance of fix or feven feet, it would
ftill appear to be round.

E. I believe it would ;—but what of all
this ?

N. From adtual meafurement and ob-
fervation, the earth is proved to be a little
flattened at the poles, and {welled out
about the equator; the equatoreal diame-
ter of the earth being thirty-five miles

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

E. This is a very plain cafe: and the
not returning of the waters from the 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 round-
nefs, as I faw the head of the mop do
when the maid left off trundling it.--And
-now it feems plain that the Almighty
- muft have made the rigid earth as much

higher
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higher about the equator, than the land
is about thofe places near the poles, as
the earth’s quick motion about the equa-
torecal 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 {mall iflands in the
{feas, which are not overflowed.

N. The more you know of thefe mat-
ters, Eudsfia, ftill the greater reafon you
will have to admire the power, and adore
the wifdom and goodnefs of the Deity.

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

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

E. 1 think you told me, that almoft
three fourth parts of the furface of the
carth is covered with feas ; and by look-
ing 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 circum-
ference is 25,000 Englith miles ; and per-

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

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

E. Your faying, “ at prefent,” gives me
fome hopes, that you will endeavour to
inftruct me in that branch of {cience af-
terward.—But can you tell me juit now,
how many miles of the earth is land;
and how many are covered with the
{eas? :

N. The furface of the earthy part of
our great globe is divided into four great
tracks or {paces, called Europe, Afia, Afri-
ca, and America ; as you {ce them laid out
on the fmall three inch globe.

According to meafurement of the beft
maps, the feas and unknown parts of
land contain 160,522,026 {quare miles ;
the inhabited parts 38,990,569 ;5 Europe
4,456,06535 dfa 10,768,823; Africa
0,654,807 3 America 14,110,874, In all,

390 512,505 5
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199,512,595; which is the number of
{quare miles on the whole furface of our
globe. |

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

N. Nothing is great or {mall but in
comparifon. We are very big when com-
pared with animals which can be {een
only by the help of a microfcope: the
earth 1s big indeed when compared with
ourfelves, who live upon it: the planet
Jupiter 1s a thoufand times as big as our
earth, and the fun is more than a thou-
fand times as big as Jupiter.—¥ you fo
juftly admire the power that putour {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. I fink into nothing, in my own
mind. Alas, what have we to be proud
of ! If I had been proud before, Aftrono-
my would have cured me effetually of
it.

N. Indeed it might cure any one of

pride: and I believe no aftronomer can
be
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On the BALANCE of NATURE and the
SOLAR SYSTEM.

Neander.

W}' ELL, fifter; what became of you

yefterday after breakfaft? I went
to my room immediately 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 {fupper.

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

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

E. You fhall always {ee it, were it on-
ly for this felfifh reafon, that you may
corre¢t 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 thould.
I told you that the falling of bodies to

the
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the earth i1s folely caufed by the earth’s
attraction.

E. 1 remember it very well; and it
feems plain to me, that their falling to-
ward the earth’s center, on all fides of it,
is a demonftrative proof of the earth’s at-
traction. For what eife could poflibly
determine bodies to fall, on oppofite fides
of the earth, in directions quite contrary
to one another?

N. Right, Eudsfia, youare a philofopher
already : and I fhall have very great plea-
{ure in teaching you, at leaft, the rudi-
ments of Aftronomy.

The tendency of bodies to fall, is call-
ed their Gravitaion, and the power which
gives them that tendency, is called A¢=
traclion. Now, fuppofing the fun(PLATE L.
Fig. 2.) to be the only body that exifts in
univerfal {pace, and that he is put into
any part of open {pace, pray, to what
other part of fpace do you think he
would fall ?

‘N, I 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, fz//~
balanced on bis center ; as thy favourite poet
Milton elegantly exprefles it, concerning
the earth.

N. Your obfervation is firictly juft.
And now, to lead you further on, I tell
you, that the fun’s attraction reaches
many millions of miles all around him ;
and thart all bodies attract each other ac-
cording to their refpeétive quantities of
matter ; that is, according to the number
of particles of matter they are compofed
of. I have already told you that the fun
is a million of times as big as the earth:
and as the {fun and earth are within the
reach of each other’s attraltion ; whether
do you think, that the fun fhould fall to
the earth, or the earth to the {fun?

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

N. Rightagain, fifter ; but now I muft
inform you, that the fun is not {fo com~
pact or denfec a body as the earthis ; and

D therefore
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head, when you quitted your hold of the
ftring, _

E. This is new doftrine to me; for
vou never told me before, that the earth
goes round the fun. Theearth then has
two motions, oneround its axisin twenty-
four hours, and one round the fun in a
ycar.--Can you prove as clearly that the
carth goes round the fun, as you have
proved that it turns round its axis?

N. 1 will prove it negatively juft now,
and pofitively afterward. If the earth
had no motion round the fun, it could
have no centrifugal force, to hinder it
from falling to the fun, byits own weight
or gravitation, which is conftituted by the
power of the fun’s attraction.

E. T {ee that the earth’s motion round
the fun is indifpenfibly neceflary, andam
therefore fatisfied that it does exift. But
1 think the fun would require fome mo-
tion too, in order to give him a centrifu-
gal force ; without which, it{fe€ms to me,
that, big as he is, the earth’s attraétion
would pull him out of his place. For, I
remember, that the pebble and {ling

pulled
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pulled my hand fo ftrongly, although the
pebble was {mall, that I could not pofii-
bly keep my hand fteady whilft the peb-
ble was in motion. |

N. Well done, filter.—The fun really
moves 1n an orbit as well as the earth ;
and the fun’s orbit is as much lefs than
the earth’s, as his quantity of matter is
greater than the earth’s. And, as both
thefe bodies go round their orbits in the
fame period of time, the fun moves as
much flower than the earth does, as his
quantity of matter is greater than the
earth’s. So, what is wanting in the ve-
locity 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
matter, is made up by the {wiftnels of
its motion in its orbit: on which account,
their centrifugal forces are equal to each
other’s attradtions ; and, as thele attrac-
tions keep them from flying out of their
orbits by their centrifugal forces, fo
thefe forces keep them from falling to-
wards each other by their mutual atrac-
tions.-—And this 1s, what we call, the
great balance of nature.

D 3 E. This
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reprefent the center or axis of the fteel-
yard, which bears the weights thatare at
both its ends. And, as gravity and weight
are {ynonimous terms, the point g, or
center of the fteelyard, is not improper-
ly termed the center of gravity of the
weights 4 and B,

E.1underfland you perfetly well ; and
am much obliged to you for the pains
you have taken hithertd, to make every
thing fo plain to me.

N. And, now, if you twift the thread
by which the wire and balls are fufpend-
ed at the point g, the untwifting of the
thread will caufe them both to go round ;
the great ball in the fmallcircled e £ and
the little ball in the great circle a b ¢; and
the center of gravity g between them will
remain at reft.

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

N. And your inference is right.

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

’ Sias N. Remember
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N. Remember what M. Beaugrand told
you when he began to teach you French;;
Newer fear, but fpeak 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 gravity ; I was juft about
to afk, what is it that {fupports the cen-
ter of gravity between the earth and the
fun?

N. Well —And what was the lucky
thought that prevented your afking zhat
queftion ?

E. 1 immediately recolletted, that we
muft fupportthe center of gravity between
the two balls, becaufe, otherwife, they
would have fallen to the great earth by
the power of its attraction. But, as there
is no greater body than the fun and earth
to attract them, they could fall no way
but toward each other: and, therefore,
the common center of gravity between
them needs nothing to {fupport it.

N. If you had afked the queftion, I

fhould have told you the very fame thing.
il £
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E. If all the parts of aftronomy are as
eafily learnt as thofe which you have
already taught me, I thall have no reafon
to be vain, even if I become a tolerable
good aftronomer by your inftructions.

~ N. Idare not {ay 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 other
planets befides, which go round the fun.

N. Yes; there are five befides our
carth: and they are called ﬁ’ffrﬂufj’, Venus,
Mars, Fupiter, and Saturn.

E. Then, our fun muift be their fun

T e S | |
- N. It is really fo; and enlightens them
all.
E.'I could never believe that the Al-
mighty does any thing in vain ; and there-
fore I begin to think, that all the other
planetsare inhabited as well as our earth.
For, to what purpofe could the funfhine
upon lifelefs lumps of matter, if there
were no rational creatures upon them to
enjoy the benefit of his light and heat:
N. Ay,
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various requefts.---On account of his om-
niprefence, nothing can efcape his no-
tice ; and on account of his omnifcience,
nothing can efcape his knowledge !

E. And, as his omnipotence may be in-
ferred from his works, fo I have often
thought that his goodnefs may be in-
ferred from his power. For, as he had
power enough to make the world, he
certainly has power enough to punifh
the world: and, confequently, if his good-
nefs werenot equalto his power, he would
punith us feverely for breaking his laws.

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

E. Do all the planets goround the fun
in a year, as our earth does?

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

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

N. They do. |

E. Then, as the times of their going
round the {un are {fo various, I cannot

fee
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fee how the fun can defcribe any regular
circleround the common center of gravi-
ty between him and them all. For, in
order that the fun thould move regularly
round fuch a circle, I think all the planets

would need to be joined together in one
malfs.

N. 'Tis very true ; and we muft pro-
ceed by degrees. WhatI{howed you by
the figure was only on {uppofition, 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 gra-
vity of the whole fyftem ; and defcribes
no regular or perfect circle round it, but
is fometimes nearer to it, and at other
times further from it, according as he is
attracted 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 1in 87 days, 23 hours, of
our time ; Venus in 224 days, 17 hours;
the Earth in 365 days, 6 hours; Mars in
686 days, 23 hours; Fupiter in 4332

- days,
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days, 12 hours; and Satwrwin 10,759 days,
7 hours ; all the fame way, from Well,
by South, to Eaft.

E. And do you know what their diftan-
ces from the fun are? (o8

N. Their comparative diftances from
the {fun have been knownilong ago, both
by the laws of nature, and by obferva-
tion, and are as follows.---If we {uppoie
the earth’s diftance from the fun to be
divided into 100,000 equal parts, Mer-
cury’s diftance from the fun will be equal
10 38,710 of thefe parts ; Venus'sdiltance
72,333 ; -Mars’s :diftance 152,369 ; juﬁi—-'
ter’s diftance 520,096 ;" and Saturn’s dif-
tance 954,000.

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

N. Not fo exa&lly as we could with; -
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: be=.
fore.--But we muft wait with patience till
the year 1';(1’9, when there will be a much
better tr;mﬁt of that planet over the fun,

in the evening of the third of june; by
7 which
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loft the idea of the numbers they comn-
tain. * ;

Suppofe a body, projeted from the
{un, thould continue to fly at the rate of
480 miles every hour, (which is much
about the fwiftnefs of a cannon-ball) it
would reach the orbit of Mercury in 8
years, 276 days; of Venus in 16 years,
136 days; of the Earth in 22 years, 226
days; of Mars in 34 years, 165 days;
of Jupiter in 117 years, 237 days; and
of Saturn in 21§ years, 287 days.

E. Amazing to think that a cannon~
ball would be upwards of 200 years in
going from the fun to the remoteft planet
of the fyftem! The diftance muft indeed
be immenfe !

N. Great as you think it, (and to be
fure great it is) yet fome of the comets
go almoft fourteen times as far from the
fun asSaturn is: notwithftanding which,
they are then nearer to the {un than to
any. of the ftars. For if any comet thould
g0 as near to any flar as it is to the fun,
when fartheft from him, it would be as
much attracted by that ftar as it is then
by the fun; and its motion being then

toward
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toward the flar, it would go on, and be-
come a comet to that ftar ; and we thould
never hear of it any more.—And now,

Eudofia, whatdo you think of the diftance
of the ftars?

E.1 am loft in wonder '—But fuppofing
there were no comets, pray 1s there any
other way by which we might know
that the diftance of the ftars 15 fo incon~
ceivably great?

~N. I thall only tell you of one way.—
If we are at a great diftance from two
neighbouring houfes, they feem to be
{mall, and at a lirtle diftance from one
another. But as we approach nearer and
nearer to them, they feem to grow big-
ger and bigger, and the diftance between
them to encreafe. You know this.

E. Very well : pleafe to proceed.

N. The earth goes round the {un every
year, In an orbit, which is quards 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 a year ago, or fhall be half
a year hence: and yet, for all that, the
fame ftars ‘ftill appear to us of the fame

E magnitude,
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magnitude, and at the {fame diftance from
cach other, not only to the bare eye, but
~ alfo when viewed by the niceft made in-
ftruments.—Which fhews very plainly,
that the whole diameter of the earth’s
orbit is buta dimenfionlefs point in com-
parifon to the diftance of the ftars.

E. All further proofs of the immenfe
(and, I thould think, almoft infinite) dif-
tance of the ftars, would be {uperfluous.
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 1s owing to people’s not know-
ing better. The 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 to! each other, that no
comet 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

il
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it thould happen to go through that va-
pourwhen the comet is croffing 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,
For, if you hold a candle between you
and any objeét, you cannot {ee that ob-
je@ through the flame of the candle; but
the fmalleft ftars are feen through the tail
of a comet.

~ E. This is comfortable do&rine in-
deed.

N. Befides, you know 'that the world
mufl be converted to Chriftianity before it
be burned; which, we can hardly be-
lieve will be within the time that you
and I can live, according to the ordinary
courfe of nature.

E. Alas, brother ; our people who go
into thofe remote parts where Chriftianity
was never heard of, behave fo unjuftly
and cruelly to the poor natives, as might
rather frighten them from the ehriftian
religion, than induce them to embrace it.
I confefs I am not atall furprifed, when
I hear, that the native Americans rife

fometimes in large bodies, and deftroy
E 2 thofe
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thofe who call themf{elves Chriftians, on
account of their barbarous ways of ufing
that people.

N. It is not at all to be wondered at:

for their principles are, Good for good, and
Ewvil for evil. | -

E. Asit makes me inéla‘nchbly to think
or fpeak of thefe things; I beg we may
refume our intended fubj&& Confider i”ri,"gj

'''''

muft move very hlﬁ in their orbits. T
thould be glad to know how many Imles
they move every hour,

N. Mercury moveés 109,699 Englifh
miles every hour; Venus, 8c,295; the
Farth, 68,243 ; Mars, 55,287 ; Jupiter,
29,083 ; and Saturn, 22,101. ag g
- 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 mag-
nitudes of the fun and planets are? -

N. When the diftance of an object is
known, there are ealy geometrical rules

- for
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for deducing its real bulk from its appa-
rent bulk.—According to the fore-men-
tioned 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, 5150
Jupiter’s, 94,1003 and Saturn’s diameter,
77,990 Englith miles.

The moon’s diftance from the earth’s
center is 240,000 Englifh miles, her dia-
meter is 2170 ; {The moves (with refpect
to the earth) 2290 miles in her orbit eve-
ry 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 dif-
tances. His firfl, or neare{t moon, goes
-round him in 1 day, 18 hours, 36 mi-
nutes ; the fecond, in 3 days, 13 hours,
15 minutes ; the third, in 7 days, 3 hours,
59 minutes; and the fourth, or fartheft
moon from him, 1n 16 days, 18 hours, 30
- minutes.

Saturn has five moons, the neareft of
which goes round him in 1 day, 21 hours,
i ) UL 19
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19 minutes ; the fecond, in 2 days, 17
hours, 40 minutes ; the third, in 4 days,
12 hours, 25 minutes; the fourth, in
15 days, 22 hours, 41 minutes; and the
fifth, or outermoft, in 79 days, 7 hours,
48 minutes. This planet is encompafled
by a broad thinring, fet edge-ways round
it, and the diftance of the ring from the
planet is equal to the breadth of thering.
The {fun fthines for almoft 15 of our years
together on the northern fide of the ring,
then goes off, and fhines as long 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 revo-
lution about the fun, which takes up al-
moft 30 of our years.

E. A long day and night indeed, for
the inhabitants of the ring, if any fuch
there be. Undoubtedly, if it is inhabit-
ed, it muft be by beings very different
from us; as we have noreafon to believe,

buc that the DEITY has accommodated
their days and nights as well for them as

he hasours for us.—But you told me, that
the other planets turn round their axes,

as our earth does : do they all turn round
the
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the {fame way, or eaftward, fo as to caufe
the fun and ftars appearto go round weft-
ward ; and in what times do they turn
round ’

N. By viewing them with good tele-
{copes, we fee {pots upon moft of them,
which adhere to their furfaces, and ap-
pear and difappear regularly on their op-
pofite fides. By the motions of thefe
fpots, 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 only g of her days. Mars
turns round in 24 hours, 40 minutes, of
our time ; and Jupiter in 9 hours, 56 mi-
nutes. We cannot tell in what times
Mercury and Saturn turn round their
axes, becaufe no fpots have been feen
upon them, even by the beft telefcopes.
—The {un turns round his axis in 235
days, 6 hours, from Weft to Eaft, alfo.

E. Why fhould the {fun turn round?
for, as he is the fountain of light, he

can have no days and nights,
E 4 N, To
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- . To turn away his dark {pots 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 con-

. verfation?

E. Far from it, brother, th{}ugh 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, {o as to

- write it down.,

N. Never mind that, Ez.ca’:y' as for1 be-
lieve I {thall publifh thefe our converfa-
tions, 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, Sir, I muft infit upon
your not mentioning my name.

N. Your defire thall be complied with:
and in concealing yourreal name, I{hall
alfo conceal my own,

DIALOGUE
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g o g v

On GRAVITY and LIGHT,

Neander.

O, fifter;; I find you are not willing to
{lip the morning opportunity, when
we can be undifturbed, and by ourfelves.
Have you made any remarks upon our
laft converfation?
Eudgfia. Yes, brother.--In the firft place,
I remember 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 only
take longer times to go round him, but
alfo move flower in every part of their
refpeétive orbits. Can you aflign any

reafon for this? \
N. The
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N. The nearer that any planet is to the
{fun, the more ftrongly it is attraéted by
the {un; the farther any planet is from
the fun, the lefs is the force of the {un’s
attraction uponit. And, therefore, thofe
planets which are the nearer to the {fun
muft move the fafter in their orbits, in
order thereby to acquire centrifugal
forces equal to the power of the fun’s at-
traction: and thofe which are the far-
ther from the fun muft move the flower,
in order that they may not have too
great a degree of centrifugal force, for
the weaker attraction of the fun at thofe
diftances.

E. Then I underftand, that the fun’s
attraction, at each particular planet, is
equal to the centrifugal force of each
planet; and, by that means, the planets
are all retained in their refpeétive orbits.
Is it not fo?

N. Accurately fo.

E. Then, as the power of the Deity is
manifeft, in having fet off fuch large bo-
dies as the planets are, with {fuch amaz-
ing degrees of velocity ; {o his great wif-
dom is confpicuous, in having {o exactly
adjufted their velocities, and,confeque?t—

Y
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ly, their centrifugal forces, to the diffe-
rent degrees of the fun’s attration at the
diftances the planets are from him.--Here
is a wonderful balance indeed ! Can there
be'an atheift *—I am fure 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 ftupid fools.—The Almighty
has laid the great book of nature open to
our view ; fo that, every one that runs
may read. Suppofing matter had exifted
from eternity, (which, by the bye, is too
great 2 compliment to be paid to matter)
Iimagine, the greateft atheiftin the world
could hardly bring himf{elf to believe that
ftones could have hewed themfelves,
bricks made themielves, trees fhaped
themfelves into beams and boards, and
mortar made 1tfelf; and then all thefe ma-
terials have jumbled themfelves together,
{o as to build a houfe. And what is a
houfe in comparifon to a planetary {y-
ftem ; or-the 1kill required to build it,
when compared with the organization
of any infe&?

E. Nothing at al.——But I am apt to
lead you into_digreflions. Doth the

power
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power of the fun’s attraction decreafe in
proportion as the diftance from him in-
creafes? |

N. No: his attrative force diminifthes
in proportion as the fquares of the diftan-
ces (that is, as the diftances multiplied by
them{elves) from him increafe. So that,
at twice thediftance from thefun’s center,
his attractive 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 attraction is four times
four times, or fixteen times lefs ; and fo
on.—And this we find, from the compa-
rative diftances of the planets from the
fun, and their different valocities in their
orbits: befides, I have often feen this ex-
perimentally confirmed by a machine
called The «whirling-table.

E. If I underftand this ; fuppofing there
are four planets fo placed, as that the
diftance of the fecond from the {unis 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 attrated only with a fix-
teenth
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teenth part of the force wherewith the
firft is attracted ; the third only with a
ninth part of the force; and the {econd
with only a fourth part of the force that
attracts the firft.

N. Exactly fo.

E. 1 fhould be glad to know the rea-
fon _why,th& fun’s attraction decreafes in
proportion to the {quares of the diftances
from him. Why do you thake your
head? .

“N. Becaufe youalkme aqueﬁmn which
Sir Isaac NewTon himielf could not

{olve ; although he was the prince of
~ philofophers. .

E. But can you gwc me no idea at all

of it?

N. I could ; and a very plain one too,
if the attrac¢tive force (the effect of which .
we call gravity) ated only according to
the furface of the attracted body.

E. Your i/ implies that it does not: but,
if it did, why fhould it decreafe in that
proportion ?

N. I have drawn a figure for your in-
fpection (PLATE Il Fig. 1) which indeed
is for a quite different purpofe: but it

i would
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would exaétly folve your queftion, if gra-
vity acted as all mechanical caufes do ;-
only en the furfaces of bodies.

Let S be the center of the fun ; and S 4,
Se, Sf Sg, be, as it were, lines of at-
tractive force, drawing the three {quare
plates 4, B, and C, toward S. Thefe lines
touch only the four corners of the plates ;
but wemay {fuppofethe whole fpace with-
in 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 re-
quiring an equal degree of power todraw
it equally faft toward the fun.

Now, let the plate B be twice as farfrom
the fun’s center as the plate 4 is; the
plate Cthreec times as far, and the attrac-
tive forces equal on each plate, as if the
above mentioned four lines §4, Se¢, S/,
and S g, were four cords, equally firecch-
ed, and pulling all the plates with equal
forces toward S.—But, the plate B being
twice as long, and twice as broad as the
plate 4, it is plain, by the figure, that B
contains four times as much furface as 4

does, and four times as great a quantity
of
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of matter, fuppofing it as thick as 4; and
the plate G, being three times as broad
and three times as long as 4, contains
nine times as much furface and matter as
A does, {fuppoling it of an equal thu:k—
nefs with 4.

Suppofe now, that the intermediate
lines of attraction, between the four cor-
ner 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 furface
of B, and of every ninth point of the fur-
- face of C; fothat, the plate B will want
three fourth parts of the attraction that
would be fufficient to draw it toward S as
faft as the plate 4 is drawn; and € will

want eight ninth parts of the attraction
that would be fufficient to make it move
as faft as 4 moves toward S.

E. 1 {ee this very well: but, if gravi-
ty ats not according to the quantity of
{furface, pray how doth 1t act?

N. Exactly in proportion to the folid
contents of bodies ; that is, to the quan-
tities of matter they contain. For, you

know,
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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 onits furface, by which means you
would divide 1t into nine {quare pieces: if
you then lay them above one another in
the fcale; 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’sbacks,and put them at the diftance

S ¢ from the fun; as: before; they will =

have only a ninth part of the furface to-
ward the funas before: and yet, the fun’s
attractive force on them will be:juft the
fame., : . ]

" E. Then, it feems, there is' no way of
accounting for the manner in which gra-
vity ads, but by refolving it into the will
of the Deity; feeing that the quantity of .
furface has nothing to do in the cafe.

N. Indeed there is not. And, there-
fore, when I'henceforth fpeak of gravity
Iwould have you always underftand, that
I do not thereby mean a Caufe, but the
effet of a caufe, which we do not compre-
; hend.
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hend. Befides, you know, that if gravity
acted according to 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.—But, as you told me
that the figure we have been looking at,
was not intended to thew how gravity
aéts ; 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 in-
creafes. The rays of the fun’s light go
out in ftraight lines from all points of
the fun’s furface: and, confequently, the
farther they go off from the fun, the
more they fpread ; and f{o they cover the
more of the furfaces of bodies at the
greater diftances.

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

N. Becaufle, if we endeavour to look

at the fun, or at a candle, through the
F bore
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bore of a bended pipe, we cannot fee it ;
but through a ftraight pipe we can.

E. Enough, Brother; pleafe now to ex~
plain the figure.

N. Let S be the fun’s center, and S4,
Se S f, Sg, be four rays of light, go-
ing out from the fun’s furface in ftraight
lines (in the fame direction as if they
proceeded from his center), and {fuppofe
the fpace within thefe rays to be filled
with others, Take the diftances § 4,
S B, S C, from the fun’s center, fo as
S B fhall be twice as great as § 4, and
S C thrice as great. Then, at the dif-
tance S A place the little fquare plate 4,
- on which all the rays will fall that fill
the above-mentioned fpace at 4. At the
diftance S B, place the {quare plate B,
which being twice as long and twice as
broad as the plate 4, 1t contains four
times as much furface as A4 does: and
if 4 be taken away, all the light that
fell upon 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



Lapy's ASTRONOMY. 67

as A4 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 § 4, 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 fur-

face: 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 juft cover the furface of that
plate ; which being nine times as large

- as the furface of 4, and having no more

light upon it than A had, ’tis plain, that
the light upon every point of € is but
a ninth part fo ftrong and vivid as it
was upon every point of 4.

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 twen-
ty-five times weaker; and fo on. I
thank you for making this fo plain.

F 2 N. Indeed

f
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N. Indeed I deferve noneof yourthanks
for it. I copied the figure from Doctor
Smith’s Optics. That worthy gentleman
was my good old mafter; and he is
mafter of Trinity College in Cam-
bridge.

E. Seeing that the comparative dif-
tances of all the planets from the {fun
are known, I make no doubt but you
can tell me, what the comparative quan-
tities of the fun’s light on all the planets
are.

N. Very eafily.—~The fun’s light is
{eventimes as great on Mercury as on the
Earth ; about twice as greatat Venus; at
Mars, 1t is not half fo great, or ftrong,
as we have it on the Earth; at Jupiter,
only a twenty-eighth part fo flrong as at
the Earth; and at Saturn, is but about
a ninetieth part {o ftrong as with us.

E. Then, I {hould be almoft rempted
to think,—but I cannot—will not in-
dulge fuch a thought, as that the Deity
1s partial : for I cannot imagine the in-
habitants of our Earth to be better than
thofe of the other planets. On the con-

trary,



LADY’'S ASTRONOMY. 69

trary, I would fain hope they have not
ated fo abfurdly with refpect to him, as
we have done.

N. Tell me freely what the thought
was that arofe in your mind, which you
arec {fo willing to fupprefs.—The Deity
is no other way a refpecter of perfons
than that of properly diftinguithing be-
tween the good and the bad ;' and fo re-
r*nrn*.r_a.rding the one, and punithing the other
accordingly.

E. It feemed to me, that the inhabi-
tants of the neareft planets to the fun
muft be blinded by too much light;
and that thofe of the fartheft planets
from the fun muft be punithed all their
lives, with fo weak a light, as can be
-called little better than darknefs.—We
could not bear feven times as much light
as we have from the {un; nor be able
to do our work with only a ninetieth
part of the light we have.

N. Your reflexion, fifter, is very na-
tural. But, after afking you two or
three plain queftions, I believe I thall be

F3 able
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able to give you full fatisfaction on that
head.

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

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

E. No.

N. Can you bear the ftrong reflection
of the fun’s light from the fnow, juft ag
well when you go out into the ftreet, as
when you have been walking half an
hour in it.

E. No.

N. Can you give fuch a reafon for
this as would fatisfy a philofopher? For
you know that the fnow refleéts not
lefs light for you ha.wng been a while
walking 1n it; nor is your room a
bit the darker for your having been out
of it.

E. I with I could, but indeed I cans
not.

N. Then
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N. Then I will tell you.—Our eyes
are made fo, that their pupils (which let
in the light, whereby we fee objeéts)
dilate when the light is weak, that they
may take in the more of it; and con-
tract when the light is ftrong, that they
may admit the fewer of its rays.—Whilit
" 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 refle¢ted from the
{fnow, which you find is hurtful. But
they foon contraét 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 contrated ; the room, being not fo
light as the fireet, appears darker to you
than it did before you went out: but,
in a fhort time, the pupils dilate again;
and then they let in a fuflicient 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 thall men-
tion afterwards, we cannot believe they

¥4 are,)
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are,) if the pupils of their eyes who
live on the planet Mercury are {feven
times as {fmall as ours are, the light will
appear no ftronger to them there than it
doth to us here. And if the pupils of
their eyes who live in 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 deformity where all
are alike, and other forts have never been
{een) the light there will be of the fame
firength as it is to our eyes here.—Pray,
Eudofia, 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, wiien the {fun doth
not thine out, and all our light is by re-
fletion 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, the thines fo clear,
that I can read by her light.

N. Sixty, or an hundred ——I affure
you, that you are greatly miftaken: for

I it
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it would require ninety thoufand; and
that number would fill the whole of our
vifible 1ky.

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

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 whitith
clouds, the appeared much of the fame
colour as they did ; very dim in compa-
rifon with what fhe appears in the night.

N. And yet, the was juft as bright
then as fhe is in the night; only the
fuperior light of the day made her 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, al-

though
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though its real bightnefs is ftill the
fame.

E. I think I could almoft tell what
you are to infer from all this ; but will
not {peak, left I fhould be miftaken
again. And therefore I beg you will
proceed. 1

N. When the fun is hid by clouds,
all the light we have is by reflection from
them. The moon reflects the fun’s light
in the night-time, as the clouds do in
the day: and as fhe can refle& 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 ; the can
refle&t no more in the nmight.——And as
the full moon fills only a ninety-thou-
fandth part of the fky, her light is no
more than equal to a ninety-thoufandth
part of 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 go,000 times as great as moon-
light; divide go,oco by 9o, and the
‘quotient will be 1000; which thews,

that
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that the fun’s' light at Saturn is 1000
times  as great as the light of the full
moon is to us.

E. I 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, thould our fex be kept in total
ignorance of any {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¢t. 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 uni-
verfity for the ladies; becaufe, if thofe
could not inftruct thefe themfelves, they
might find others who could. And the
confequence would be, that the ladies
would have a rational way of {pending
their time at home, and would have no
tafte for the too common and expenfive

ways
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ways of murdering it, by going abroad
to card-tables, balls, and plays: and
then, how much better wives, mothers,
and miftrefles they would be, is obvious
to the common fenfe of mankind.—The
misfortune 1s, 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 abfurd-
ly 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. 1 am furprifed to hear you talk
fo oddly.——Have you forgot what you
told me two days ago? namely, that if
you had been proud before, the know-
ledge of Aftronomy, you believed, would
make you humble?

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

to
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to have heard you mention the light’s
going from one place to another, as if
it took {fome time in moving through
open {pace. Iknow that found does fo;
becaufe I have {feen the flath of a diftant
cannon before I 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
afrer.

E. And do you know with what de«
gree of fwiftnefs light moves ?

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

'E. Undoubtedly ; becaufe Jupiter is
much farther from the {un than the
Earth 1s.

N. Then you know, that when the
Earth is between Jupiter and the Sun,
the Sun and Jupiter appear oppofite to
‘each other in the heavens. And when
the Sun is nearly between us and Jupi-
ter, the Sun and Jupiter appear nearly in
the fame part of the heavens.

E. Undoubtedly
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E. Undoubtedly they muft.

N. 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
mulit be eclipfed in his thadow are eafily
calculated ; becaufe, by telefcopic obfer-
vations, the times in which they go
round him are accurately known: and
the apparent vanithing of thefe moons
in the thadow may be very well perceiv-
ed through a telefcope; or the inftants
when they recover their light again, by
the fun’s fhining upon them, at their
going out of the fhadow. And it has
been always obferved, fince telefcopes
were invented, that thefe eclipfes are
feen fixteen minutes fooner 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 {fame orbit, and always keeping
oppofite
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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 nearelt would fee the fame eclipfe
fixteen minutes fooner than an obferver
on the fartheft would. Which thews,
that light takes fixtcen minutes to move
through a fpace equal to the width
or diameter of the earth’s orbit, which
is 1go millions of miles. And, confe-
quently, it muft take eight minutes of
time in coming from the fun to the
earth ; as the fun 1s nearly in the center
of the earth’s orbit: that is, at the half
- of 1go millions of miles, or g5 millions
of miles from the earth.

E. Tunderftand this; but a difficulty
rifes in my mind.

N. Only mention it, and I will re-
move it if I can.

E. The rays of the fun’s light come
direétly from him to the Earth ; but his
rays from Jupiter'’s moons come to us
only by refle¢tion. Are you fure that
reflected light moves with the fame ve-
locity that direct light does ?

N. There
3
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N. There is no reafon to believe but
that it does. And I imagine, I can very
eafily convince you that it does fo.

If the particles of light did not fly off
from the planets as faft as they came
upon them, there would ftill be an ac-
cumulation 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 is not
at all the cafe.

E. But are 4/l the rays which the {fun
“darts on any planet reflecfed from it, and
none of them loft or abferbed in the mat-
ter of which the planet is compofed ! Or,
if fome of them be abforbed, will not this
invalidate your argument ?

N. Not at all, if the abfirbed rays bear
a conftant proportion to the whole num-
ber of rays with which the planet is fuc-
ceffively 1lluminated ; and this muft un-
doubtedly be the cafe : for the fame parts
of the planet’s {furface which either re-

fleét,
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flet, or abforb the rays that. fall upon
them #his moment, will be equally dif-
pofed to refle¢t or abforb the rays that
fall upon them: in the zext : and fo the
Jame proportion between the abforbed and
reflected rays, or between them and the
whole quantity of light.thrown on the
planet, will be continually preferved..

E. But what if fome parts of the' pla-
net’s furface be more: hardened by
drought, or foftened by wet, as on our
earth; or be in any other refpeét more
difpofed, either to reflet, or abforb the
~Sun’s rays at fome times than at others;

would not this vary the proportmn you
have mentioned ?

N. If we may judge of this from our
own globe, where the contrary quali-
ties of drought and wet, hardnefs and
{oftnefs, fmoothnefs and roughnefs of
fome parts of its furface, {fo far as they
refult from any -alterations of wecather,
&c. if taken upon an average for a whole
year, or other given time, and through-
out any half of the Earth’s furface ; they
will, very nearly, if not exaétly, balance

G each
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gach other. The fame may bé therefore
fuppoféd to hold good in the other pla-
petary worlds ; and {o the proportion
before mentioned will not be fenfibly
altered.

E. You have quite removed my diffi-
culty, brother; and I thank you for
having done it. But, as light comes
from the Sun to the Earth in eight mi-
nutes of ' time, its fwiftnefs muift be
amazingly great. Let me try whether
1 can ecompute it: for you taught me
not only the four common rales of arith-
metic before you went to the univerfity,
but even the rule of three. The Sun’s
diftance from the Earth is 95 millions
of miles, in round numbers; and light
meoves through that {pace in 8 minutes
of time; divide, therefore, g¢3,000,000
by 8, and the quotient is 711,875,000,
for the number of miles that light moves
in a2 minute, Now, 1 remember that
you told me, a cannon-ball moves at
the rate of 480 miles in an hour, which
15 8 miles in a minute; I therefore di-
vide 11,875,000 by 8, and the quotient

- is
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is 1,484,375; fo that light moves more
than a million of times as fwift as a2
cannon-ball.—Amazing indeed!

N. It is {fo:—~And now I will tell
yvou fomething which is full as amaz-
ing.

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

N. Far from it: I only mean the in-
conceivable fmallnefs of the particles of
light.

E. And how do you know that they
are fo inconceivably fmall?

N. The force with which a body
ftrikes any obftacle, is directly in pro-
portion to the quantity of matter in
the body, multiplied by the velocity
with which it moves. And, confe-
quently, as the velocity of light is, in
round numbers, a million of times as
great as the velocity of a cannen-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

G2 could
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could to have fand fhot point blank
againft them from a great cannon.

Another way of proving that the par-
ticles of light are fo {mall as to exceed
all human comprehenfion, is this: Let
a lighted candle be fet on the top of a
{pire fteeple, in the night-time, and
there will be a very large {pherical {pace
filled with the light of the candle before
a grain of the tallow be confumed; and
as that grain of tallow is divided into
{o many particles, as fill all the {pace in
which the light is diffufed, can you
polflibly imagine how {mall the parti-
cles are into which it is fo divided ?

E. Indeed I can form no idea there-
of.

N. A very good computift has found,
that the particles of blood of thofe ani-

mals which can only be {feen by means
of a microfcope, are as much {maller
than a globe whofe diameter is only a
tenth part of an inch, as that {fmall
globe is lefs than the whole earth. And
vet, that their particles of blood are like

mountains
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mountains to a grain of fand, when
compared with the particles of light.

E. I am glad to hear our breakfaft-
bell: for, if I fhould hear more of thefe
fubjeclts at prefent, I know not but that
I thould, for fome time, lofe the power
of thinking.

N. T had juft done with the fubject
of light; but am forry to hear that you
muft go from home, for a few days, on
a vifit. However, during your abfence,
I intend to draw out two or three figures,
in order to defcribe the late tranfit of
Venus to you by them: and give you

{fome 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 trouble you have taken, and
are to take further, on my account: and
fhall return as foon as poflible.—You
know I could not refufe Mﬂ‘s Goodall’s
invitation,

G3 DIALOGUE
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D1 AL O G U TR,

On the Tranfit of VENUS, TFune 6th
17615 and how the diffances of the
PLANETS fromihe SUN were found
thereby. '

Neander,

D EAR Sifter, I am very glad to fee
¢/ you again: I fuppofe you found
Mr. and Mrs. Goedall, and their daughters,
to be very agreeable company.

Eudofia. Quite {o, and I have {pent three
days very happily with them.

N. It was very obliging in Mr. Goudall
and Mifs Sophy to fee you fafe home.

E. They would do it, for all that I
could fay: even though I told them,

e s . that
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that the fervant who was fent for e
was very careful. {05

" N. Mr. Goodall and T fpent an hour tos
gether laft night: and thongh he was'
full of his praifes of your good fenfe, he
did not fay one word about our aﬁro-v_
1]DI1’11C'T.1 converiations; Ey which, I ; ima-.
gine, you fpoke nothing about them m'_
that family. YecIam far from doubt-.
ing, that it would have been very agree:.
able if you had. '

E. Truly, brother, if I had, you muﬁ
have heard of it: and then I thould not!

- have wondered if you had {faid that b

am not over-~ftocked wirh good fenfe. - I
muft know thefe things betrer before I
begin to {peak of them; and even then,
not to {peak, unlefs I am defired by:
thofe to whom I think the {ubje& will
be entertaining, You told me, the
morning [ went away, that our next
converfation fthould be on the tranfit of
Venus; and how the diftances of the
planets from the Sun were found there-
by. |
' G4 N, And
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.N. And to fthew you that I have not
forgot my promife, here are the figures
which I told. you I would draw out for
that purpofe J[See ‘PLATE dL; Fig.a.
aﬂd 3. and. PLATE HL> gl ~5,] * "Bty an,
thefe delineations, we muft often facri-
fice one truth to explain another: and
in the prefent cafe it is ‘unavoidable.
For, 'if we were to make the bulks of
the planets in our figure no greater than
they are in proportion to their diftances
from the Sun, the planetsavould be mere
points; anda large fheet of paper would
be too fmall for the lengths of the lines
of diftances. | So that, in order to make
the prefent fubject plain, we muft en-
large the planets, and contract their dif~
tances from the Sun; otherwife, we could
not, at prefent, render the effects intel-
ligible which arife from fome of the
planetary motions.

‘B Very Well brother : pleafe to prn*
ceed.-~~

N. The. dlameter of the Earth 1S no

more than a point In companfﬂn of its
dlﬂ:ance from the Sun; and therefore, if
the
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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 and the Sun, (as fhe was at
the time of her late tranfit) 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 obfervers on the
Earth, who are at a great diftance from
one another, the will appear to each of
them, at the {fame inftant, to be on dif-
ferent parts of the Sun’s furface.—Thus
in Fig. 2. of PLATE IL let § be the Sun,
V Venus, and 4 B D E the Earth. Let
one obferver be at 4, another at B, and
a third at D; all looking at Venus at
the fame moment of abfolute time. To
the obferver at 4, Venus (7) will appear
upon the Sun at F, as the is feen in the
right line 4 V' F: to the obferver at B,
fhe will appear upon the Sun at G, being
{feen by him in the right line B¥7 G : and
to the obferver at D, Venus will appear

upon
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upon the Sun at 77, becaufe he fees the
planet in the right line D ¥V H. Or, if
you will fuppole Venus to be at reft at ¥,
during the' time that the obferver at 4
is carried, by the Earth’s motion on its
axis, from 4 to D, through thearc 4B D;
tis plain, ‘that, to this obferver, the pla-
net ¥ will appear to have moved on the
Sun from F to H, through the {pace
B

Let us now fuppofe, that the FEarth
a bde (Fig. 3.) 1s nearer the Sun s than
as reprefented in Fiz. 2. in which cafe,
Venus v will be proportionably nearer
the Earth ; and the arc ¢ & 4, through
which the ob{erver is carried, will bear
a greater proportion to the diftance of
Venus @« from the Earth, in Fig. 3, than
the fame arc 4 B D (in Fig.) 2. bears ta
the diftance of Venus ¥ from the Earth,
So that, if one obferver {thould be placed
at ¢, another at &, and a third at ¢, the
obferver at ¢, wonld fee Venus on the
Sun at £, the obferver at # would fee her
on the Sun at g, and the obferver at 4
would fee hier on the Sun at A, all at the

fame
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{fame inftant of . time. Or, if Venus
kept at reft at v, whilft the abferver at
a was carried from a to 4 by the Earth’s
motion ; Venus would, in that time,
appear to him to have moved from £ to
b on the Sun. But the fpace f ¢ b, in
Fig. 3. is longer than the fpace F G H
in Fig. 2. and therefore, the nearer the
Earth is to the Sun, the greater will the
{pace 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 farther the Earth is
from the Sun, the lefs will the {pace be
through which Venus appears to move
upon the Sun, by the obferver’s real mo-
tion, in the {fame time.

And, confequently, as Venus is really
moving on in her orbit, in the diretion
of TV W, (in Fig. 2.) or ¢t v w (in Fig. 3.)
whilft the obferver is carried by the
Earth’s motion on its axis from 4 to D,
or from a to d; ’tis plain, that Venus
will appear to move fooner over the Sun,
if the Earth’s diftance from the Sun be
only 64 v 5, (as in Fig. 3.) than if it

be
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be BV S, (asin Fig. 2.) So that, the whole
duration of her tranfit over the Sun muit
be fhorter, if the Earth’s diftance from
the Sun beonly 4 v s, than if 1t be greater,
as BV S.—Do you underftand this, Ez-
dofia ? ~ -

E. I think it is' fo plain, that any body
might underftand it.

N. Then, we have done with thefe
figures, and fhall proceed to Fig. 1. of
PLATE IIl. in which, let 2% ¢ 4 a be the
Earth, ¥V Venus, and § the Sun. The
Earth turns eaftward on its axis, in the
direCtion a b ¢ d; and Venus moves in her
orbit in the direction E ¥ e.

Now, {uppofe the Eaith to be tranf-
parent like glafs, and that you were
placed at its center C, and kept looking
at the Sun S, during the time in which
Venus moves in her orbit from F to £
through the fpace F GV g f: in this cafe,
the Earth’s motion on its axis could have
no effe@® on your pofition, becaufe it
could not carry you any way from C.
Then, when Venus was at F in her or-
bit, {he would appear to you as at £,

Julk
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juft within the Sun’s furface, touching
his eaftern edge at K; that is, at her
firft internal contact with the Sun’s
eaftern edge. As fhe moves on, from
F to f in her orbit, the would appear to
you to move on the Sun, from X to Z,
in the line X % L, which is called the line
of her tranfit over the Sun. And when fhe
was at f in her orbit, {he would appear
at L on the Sun, juft beginning to leave
his weftern edge, or at her laft internal
conta¢t with the Sun. Now, pleafe. to
remember, that if Venus could be {een
from the Earth’s center C, fhe would
move from F to f in her orbit, in the
time that the would appear tc move from
K to L on the Sun ; or from her firft in-
ternal contact to her laft.

E. A bare infpettion of the ﬁgure
thews it: for, when Venus is at F in her
orbit, the would appear juft within the
Sun at A ; becaufe then; as viewed from
the Earth’s center ¢, {the would be feen
in the ftraight line CF K'; and when fhe
came to f in her orbit, the would feem
juft beginning to leave the Sun at Z,

becaufe
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becaufe fhe would be feen in the ftraight
line C f L.

N. Very well——Now let us {uppofe,
that an obferver is placed on the Earth’s
furface at 2; and that he is carried from
2 to b, by the Earth’s motion on its axis,
in the time that Venus moves in her or-
bit from F to f.

When Venus is at F, {he appears at X
on the Sun, as feen from the Earth’s cen-
ter C; but to the obferver at « the will
not appear to be then entered upon the
Sun ; becaufe (if the were then vifible in
the tky) the would be feen in the line
A F H, eaftward from the Sun; and muit
move on from F to G ia her orbit, be-
fore the obferver at 2 can fee her on the
Sun at K, intherightlinezG K. Sothat
her tranfit will begin as much later to
the obferver at 4, than it does to the ob-
ferver at C, as fhe is in moving from &
to G in her orbit.

When Venus comes to ¢ in her orbit,
the obferver will be carried by the Earth’s
motion almoft from « 4; and then he
will fee her in the line ¢ /L, jult begin-

ning
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ning fo leave the Sun at Z ; but the muft
move on from g to f in her orbit, before
the begins to leave the Sun at Z, as feen
from the Earth’s center C, in the right
(or ftraight) line C f L ; and then, to the
obferver at 4, the will appear quite clear
of the Sun to the Wefl, in the line B FR
* So that the whole duration of the tran-
fit from K to L on the Sun, will be
thorter, as feen by the obierver in mo-
tion from & to ¢, than as feen by the
(fuppofed) obferver at reft at the Earth’s
center €. For, to the former, the will
move only from G to g in her orbit, dur-
ing the time fhe appears to move from
Kto L on the Sun : whereas, to the latter,
the muft move from F to f in her orbit,
in the time fhe appears to pafs over the
Sun from X to L.

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

tran{it
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tranfit be, as feen from the Earth’s fur-
face and from 1its center; accordingly.

E. Certainly {fo, by what you already
told me in your explanation of the {fecond
and third figures of the fecond Plate.
For, the nearer the Earth 1s 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. So that the fpace through which
the obferver is carried by the Earth’s mo-
tion, from <to 4, (PLATE IIL. Fig. 1.) will
bear a greater proportion to the diftance
of Venus from the earth in the former
cafe than in the latter: and fo, will affeét
the times of durations of the tranfit, as
feen from the Earth’s center and from
its {urface, accordingly. But I thould
be glad to know, why you {uppofe an
obferver to be placed at the Earth’s cen-
ter, as it is a thing impofiible to be done :
and if he was there, he could neither fee
the Sun nor Venus.

N. Becaufe the motions of the planets
are calculated in the aftronomical tables,
as if {feen by an obferver at reft. And,

2 ag
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as the apparent breadth of the fun is
known, and the time of Venus’s going
round the Sun is alfo known ; the time
of her appearing to move through a
fpace equal to the Sun’s breadth, as feen
by an obferver at reft, is eafily calculat-
ed, and 1s the fame as would be obferv-
ed by a perfon placed at reft at the cen-
ter of the Earth. And then, atall kinds
of diftance of the Earth from the Sun, it
1s eafy to calculate how much the dura-
tion of the tranfit would be fhortened by
the motion of an obferver onthe Earth’s
furface, on the fide of the Earth next to
- Venus, and who is then moving in a
contrary direction to the motion of Ve-
nus in her orbit, than the duration of
the tranfit would be to an obferver at the
Earth’s center, or even on its {urface if
the Earth had no motion on its axis; in
which cafe, the obferver on the {urface
would be at relt. But as that obferver
is really in motion with the Earth, when
the duration of the tranfit 1s obferved by
him, and, confequently, known how
much fhorter it appeared to him, than

H it
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it would have done if he had been at
reft ; the diftance of the Earth from the:
Sun may thercby be found: which, as I
told you already, is thereupon computed
to be 95,173,000 Englifh miles.

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

N. T told you already, in our fecond
dialogue, that the relative or compara-
tive diftances of all the planets from the
Sun are known long ago, both by the
ftated laws of nature, and by obferva-
tion ; and that they are as follows.

If we fuppofe the Earth’s diftance from
the Sun to 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, 954,006,
: Now,
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Now, as the number of miles i3 in
proportion to the number of parts, and
the 100,000 parts by which the Earth is
diftant from the Sun, contain 95,173,000
miles; we fay, by the rule of three,
48 100,060 parts are to 95,173,000
miiles; fo are 38,710, Mercury’s diftance
from the Sun in parts, to 36,841,468,
his diftance from the Sun in miles. So
e 72,223, Venus’s diftance from the
Sun in parts, to 68,891,486, her dif~
tance from the Sun in miles. So like-
wife are 142,369, Mars’s diftance from
the Sun in parts, to 145,014,148, his
“diftance from the Sun in miles. And
fo are §20,096, Jupiter's diftance from
the Sun in parts, to 494,990,976, .his
diftance from the Sun in miles. And,
laftly, (carrying on the proportions) {o
are 954,006, Saturn’s diftance from the
Sun in parts, to 907,950,130, his diftance
from the Sun in milés.

E. I thank you, brother, for having
explained the whole of this matter {o
much to my fatisfattion. But I have
heard that the late tranfit was obferved

13 by
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by people at very different parts of the
Earth.——Pray did you find, that all the
obfervations (as you got accounts of
them) agreed fo well, as to give all the
fame conclufion ?

N. I cannot fay they did, {o nearly
as we could with; which might have
been owing to two caufes. Firft, that
the differences of longitude (as it is
called) between many places where thofe
obfervations were made, are not yet
well afcertained : and fecondly, that all
the obfervers did not ufe telefcopes of
an equal magnifying power, which they
thould have agreed to do before-hand.
And undoubtedly, they who ufed the
higheft magnifying telefcopes, could
more accurately determine the inftants
of Venus’s two internal contaéts with
the Sun, than thofe could who ufed
{maller magnifying telefcopes. But ’tis
to be hoped, that all proper care will be
taken, in obferving the tranfit on the
2d of June 176g. And aftronomers will
do well to make the moft and beft of it

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

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

N. So the would, once in every 584 days,
if her orbit lay in the fame plane with
the Earth’s orbit, like one circle made
within another on a flat paper. Butone
half of Venus’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: fo that her orbit only crofies the
Earth’s orbit in two oppofite points.
And therefore, Venus can only pafs di-
retly between the EFarth 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

Hgs time
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time of her late tranfit, made her very
conipicuous on the Sun, like a black
patch on a circular piece of white paper.
At her laft tranfit, {he pafled below the
Sun’s center, about a third part of the
Sun’s breadth ; and ar her next, fthe will
pafs as far above ir,

E. I underftand this thoroughly.—But,
Ithink, there are fome lines in the figure
(PLATE III. Fig. 1.) which you have not
yet explained. |

N. Then, thew me them,  and I
will. 5y ]

E. They are the lines N'E K and
ne L.

N, True: I had almoft forgot them.
Suppofe an obferver at N; on the fide
of the Earth fartheft from Venus, to be

" carried from N to z in the fame direc-
tion with Venus’s motion in her orbit
from E to ¢ 1n the fame time that an
obferver at a is carried from z to by, In a
contrary direction to the motion of Ve~
nus in her orbit: the duration of the
tranfit will be longer, as feen by the ob-
ferver who is carried from N to #, than
it
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it would be to an obferver at reft at the
Earth’s center €. For, when Venus is
in her orbit at E, fhe will appear upon
the Sun at K, as feen from N in the
right line N E K; but the muft go on
from E to F before the can be {een from
C, upon the Sun, in the right line C F K :
and, as {een from C,’ in the right line
C f L, the will appear as juft beginning
to leave the Sun at Z, when fhe is at f
in her orbit. But {the muft move on,
from f to e, before fthe can appear as
beginning to leave the Sun, when feen
by the obferver at n, who is carried from
N to n by the Earth’s motion on its axis,
in the time of Venus’s moving from E
to ¢ 1n her orbit. So that the vifible
-duration of ‘the tranfit will be longer as
{een by an obferver who is carried from
N to n, than it 'would be to an obfer-
ver at reft; and fhorter, as feen by an
obferver who is carried from 2z to 4. And
the difference between thefe vifible dura-
tions will be of greater advantage to-
wards finding the Earth’s diftance from
“the Sun, than what could be gained only
H4 from
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from obfervations made on the fide of
the Earth which is neareft to Venus,
during the time of her tranfit.

E. Pray, who was it that firft thought
of this method of finding the diftances
of the planets from the Sun? I imagine
he muft have been a very great aftrono-
o S

N. He was fo indeed; the man who
firft propofed this method was the great
Docétor HALLEY. And as he was mo-
rally certain, that, according to the com-
mon courfe of nature, he could not live
to fee that tranfit ; he moft earneftly re-
commended it to future aftronomers,
that they might obferve it when he was
dead. And, in order to furnith them with
all proper information, he gave in a pa-
per on the {ubjet to the Royal Society;
which paper was, foon after, publithed
in the Philofophical Tranfactions.

DIALOGUE,
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DIALOGUE V.

On the method of finding the LATITUDES
end LONGITUDES of PLACEs.

Neander,

OOD-morrow, fifter :-~-you have been

' later than ufual of coming this

morning.—What's the matter ? You look
pale.

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

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

E. I was loth to furprife any body in
the night, efpecially as the afthma did
not continue long violent.—I raifed my
head a good deal; fo it left me gradu-
ally ; and now I feel nothing of it.

- NI am very glad of that.—But I think
it would be quite wrong to enter upon
any fuch fubject this morning, as we
have already been about. And therefore,
I hope you do not come now with any
fuch intention. _

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

N, Well then;—with what fubjet
fhall I entertain you this morning?

7 H 1
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E. I heard you yefterday, for the firft
time, mention the Longitudes of places. But
as I {fcarce know what either Longitude
or Latitude means, [ fhould be glad to
know : efpecially as we have heard fo
much lately about the finding the'Lon-
gitude. And-as I never heard of any
difficulty about finding the Latitude, I
imagine, the latter is much more cafily
found than the former.

N, Tt is fo indeed, fifter.

. What 1s the reafon of that? But
1 believe my queftion is premature : for
I thould have afked ﬁrﬁt What thofe
terms mean ?

N. Right, Eudofia ; and now I will in-
form you. Ewery circley, be it great or
{mall, is divided (or fuppofed to be di-
vided) into 360 equal parts, called De-
grees. - Now, if we take a great circle
‘round the Earth, which divides the Farth
into two equal parts, every degree of
that circle contains 69: Englith miles :
as is the cafe with the degrees of the
cquatol and nearly fo with thofe of a

great
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great circle taken round the Earth,
through the North and South poles.

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 North or Seuth,
as the given place is on the North or
South fide of the Equator,——Thus, in

the little globe, (Fig. 1. of PLATE 1) all
the places in the northern hemifphere,
from every point of the equator to the

North pole, have North Latitude: and
all the places from every point of the
Equator to the South pole, have South
Latitude. As the poles are the fartheft
points of the Earth from the equator,
they have the greateft Latitude ; which
is go degrees, or a fourth part of 360,
the whole circumference of the globe.

The North and South points, or poles
of the Heaven, are direétly over the
North and South poles of the Earth.
And therefore, 4s the Earth turns round
its axis, which terminates in its North
and South poles, every point of its fur-
face 1s carried round in 24 hours, ex-

cept,
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cept its poles, which are at reft. This
motion of the Earth will caufe an ap-
parent motion of every point of the hea-
ven, in a direction contrary to the Earth’s
motion, excepting its poles, which ap-
pear always at reft; becaufe they are di-
rectly over the poles of the Earth, which
are at reft.

E. May I put in a word juft now, be-
fore you proceed farther?

N. Why not.

E. I thould 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, undoubt-
edly, if the Earth’s axis (or line on
which it turns round every 24 hours)
were produced to the Heaven, it would
defcribe a circle therein, equal in diame-
ter to that of its whole orbit; which
you have already told me, is 1go mil-
lions of miles.

N. And fo it does.—~But if it thould,
by its track, make as dark a circleinthe
Heaven, as can be made with ink by
a pair of compafles on paper; the dif-

tance



110 The Youne GENTLEMAN and

tancé 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 with a fine
pen upon paper. Which fhews, that if
the Earth were as big as-would fill its
whole orbit, it would appear no bigger
than a dimenfionlefs point, if {feen from
the ftars. For, notwithftanding the
Earth’s conftantly 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 obferv-

ed with the niceft inftruments. . And
therefore, we always confider the poles
of the Heaven to be fixed points ; and to
keep conftantly juft over the poles of the
. Earth.

E. You have fatisfied me entirely on
this head; and, at the {fame time, con-
vinced me, that the diftance of the flars
muft be inconceivably great. Now, pleafe
to proceed.

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

As the Earth is but a point in com-
parifon to the diftance of the ftarry
Heaven ; let us be on what part of the
Earth we will, we fee juit one half of
the Heaven, if the horizon, or lumit of
our view all around, be not intercepted
by hills. And as the poles of the Hea-
ven are directly over the poles of the
Earth; fo the equino¢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 {phere or
hollow globe; ’tis plain, that if we were
at the Earth’s equator, the equino¢tial
in the Heaven 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 hori-
zon, or limit of view. But if we go
one degree from the equator, towards

cither
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either the North or South pole of the
Earth, the like pole of the Heaven would
appear to be one degree clevated 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 two degrees 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, go ‘degrees from the equator ;
and then, the like pole of the Heaven
would be juft over our head, or go de~
grees above our horizon ; which is the
greateft elevation it can have, as feen
from any part of the Earth. And as
the number of degrees we are from the
Earth’s equator is called our Latitude, {0
the number of degrees of the elevation
of the celeftial pole is equal thereto. At
London, the North pole of the Heaven is
elevated 51+ degrees above the horizon ;
which fhews, that London has 5i1f de-
grees of North Latitude from the equa-
tor. And as Latitude begins at the

8 €equartor,



Lapy’s AsTRONOM Y. 13

equator, the places thereon have no Lati-
tude at all. _

E. But how can you tell by what num=
ber 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 i1s a quarter of a
circle, drawn on a plate of metal, and
divided into go degrees; and it has a
plumb line with a weight hanging from
its center, which line always hangs to-
ward 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 above the horizon of
our place.—And, by that means, the ele-
vation of the pole, and confequently the
latitude of the place, is known.

E. Is there a ftar fixed exa@ly in the
North pole, by which means you can
know by fight where ¢hat pole is?

I ... No;
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- N. No: but there is a ftar of the fe-
cond magnitude, about two degrees from
the North pole, and it is called zhe Pole
Sflar. 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 defcribe a
circle, of four degrees diameter, round
the pole itfelf, every 24 hours. And
therefore, i1f we fubftra¢t two degrees
from the greateft obferved height of the
pole ftar, or add two degrees to the leaft
obferved height thereof: therefult gives

the elevation of the pole at the place of
obfervation.

As the North pole is elevated 314 de-
grees above the horizon of London; all
thofe ftars which are within 515 of that
pole never fet below the horizon of Lon-
don. And therefore, if the greateft and
leaft alritudes of any of thefe ftars be
taken with a quadrant, half the diffe-
rence of thefe altitudes being added to
the leaft, or fubftracted from the great-
eft, gives theelevation of the pole-above
the horizon.

2 - And
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And thus, we can, very eafily and ac-
curately find the Latitude of any place,
by means of any ftar which never fets
below the horizon of that place.

The Latitude of any place may alfo
be found by the Sun’s altitude at noon,
on any day of the year, quite indepen-
dent of the ftars.—I will firft endeavour
to {hew you the reafon of this, and then
fhew you the method.

The Equinoial in the Heaven is di-
rectly over the Equator on the Earth.
And juft as many degrees as the Latitude
of any given place is from the Equator,
' fo many degrees is the point of the
Heaven, which is over the place, from
the Equinoctial. Confequently, if we can
find how many degrees the point of the
Heaven, which is direltly o¥er our place,
is from the Equinoétial, we thereby find
how many degrees our place is from
the Equator ; or our Latitude.

The Sun is in the Equinodial twice
every year; namely, on the 20th of
March, and 23d of September; and then
he is dire¢tly over the Earth’s Equator.

k3 From
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From the 2oth 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 is
on the South-fide of it, The number of
degrees that the Sun is from the Equi-
noctial, on any day of the year, 1s called
the Sun’s Declination for that day; and is
denominated North or South, as the Sun
is on the North or South {ide of the Equi- -
noctial. So that, Declination in the
Heaven, 1s the {ame as Latitude on the
Farth. :

There are tables, ready calculated,
which fhew what the Sun’s declination
1s, at the noon of every day of the year;
as it is North or South on thatday.—And
the point of the Heaven which is dire&-
ly over any"place, is go degrees 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
quadrant, on any day of the year: and
then, if, by the tables, you find the

Sun’s
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Sun’s declination to be North on that
day, {ubftract the declination from the
Sun’s meridian altitrude, (that is, from
his height at mid-day, as found by the
quadrant) and the remainder will be
the height of the Equinocial; which
height being {ubftra¢ted from go de-
grees, will give the Latitude of the
place.

Thus, on  the 2ift of June, the
tables fhew us, that the Sun’s declina-
tion is 23+ degrees North; and if the
Sun’s altitude be obferved with a qua-
drant on the noon of that day, the al-
- titude will be found to be juft 62 de-
grees. Now, fubftract 237 degrees from
62, and the remainder will be 38: de-
grees for the height or elevation of the
highelt point of the Equinoctial above
the horizon of London ; which height
being fubftracted from go degrees, leaves
remaining 513 degrees for the Latitude
of London,

If the Sun’s declination be South, add
its quantity to the Sun’s obferved alti-
tude at noon, and the fum will be the

1 3 elevation
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elevation of the higheft point of the equi-
nocial above the horizon of the place;
which elevation being fubftraéted from
go degrees, will leave a remainder equal
to the Latitude of the place,

Thus, on the 21t of December, the
tables thew us, that the Sun’s declina-
tion is 23+ degrees South: and if his al-
titude at noon be taken at London on
that day by a quadrant, it will be found
to be juft 15 degrees; which being add-
ed to 23} degrees of South declination,
gives 381 degrees for the height of the
equinoc¢tial, which height, being fub-
firacted-from go degrees, leaves 51t re-
maining, for the Latitude of London,
as before.—Do you underitand all this,
Eudofia ?

E. I think I do, on account 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.

N. Do {o: and now we will talk
about the Longitude. The curve lines
which you fee drawn on the globe, from
pole to pole (PLATE I. Fig, 1.) are call-

ed
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ed Meridians ; 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 on its axis, the Sun is then at the
greateft height, as feen from all places
on that meridian ; and confequently,‘ it
is then mid-day or noon to cach of
them.—There are only 24 meridian fe-
micircles on the globe, at equal diftan-
ces from each other; but we may fup-
pofe the whole fpaces between them to
be filled up with other fuch meridians,
becaufe every place, which is ever fo
little to the Eaft or Weft from the me-
ridian of any given place, has a different
meridian from ¢hat of the given place.
The whole circumference of the Equa-
tor is divided into 360 equal parts or
degrees: and the Englifth aftronomers
and geographers begin (what they call)
the Longitude, at the meridian of Lon=
don, and thence reckon the Longitudes
of other places to the Eaft or Wefl, as
the meridians of thofe places lie Eaft or

Weft from the Meridian of London.
I4 - a0
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So that, the Longitude of any place, Eaft
or Weft of the meridian of London, is
equal to the number of degrees inter-
cepted between the meridian of that
place and the meridian of London; ac-
cording to the Englith way of reckon-
ing. Thus, a meridian drawn through
Copenbagen, in Denmark, would cut the
Equator 13 degrees eaftward of that
point where the meridian of London cuts
it; and a meridian drawn through Phi-
ladelpbia, in North-America, would cut
the Equator 74 degrees wefllward of the
point where the meridian of London
cuts it: and therefore, we fay, the Lon-
gitude of Copenbagen 15 13 degrees Eaft
from the meridian of London (which is
termed the firf meridian by the Englith)
and the Longitude of sz!.:zdﬁ{pbm s 74
degrees Welft.

All people, who know what Latitude
and Longitude mean, reckon Latitude to
begin at the Equator, that they mdy
find the Latitude by the elevation of the
pole above the horizon.——But, as they
may begin the Longitude at the meri-

dian
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dian of any place; I fuppofe moft na-
tions réckon the Longitude of all other
places from the meridian of the princi-

pal city of their own kingdom or na-
tion,

E. Why is it {fo difhicult a matter to.
find the Longitude of any place, from
the meridian of any other place, in com-
parifon of finding the Latitude?

N. Becaufe we have a fixt point, or
pole, in the Heaven, which fhews us
our Latitude by its elevation above the
horizon of our place: but there is no
vifible meridian in the Heaven, to keep
~ diretly over the meridian of any place
on the Earth.—If there were fuch a me-
ridian, the Longitudes of all other 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. T underftand you perfeltly well.—
"But, pray, what are the beft methods
that have been yet propofed for finding
the Longitude?
N. The
4 .
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- N. The beft method, in theory, is by
a machine that will meafure time exact-
ly, fo as to go as true at fea, as a good
clock does on land.

E. Pleafe to explain this.

N. The Earth’s circumference is 360
degrees; and as it turns round 1its axis
eaftward every 24 hours, it turns 1§
degrees every hour: for, 24 times 15
18 360. Therefore, every place whofe
meridian is 1§ degrees Eaft of the me-
ridian of London, will have noon, and
every other hour, one hour {ooner than it
is fo at the meridian of London. Every
place whofe meridian 1s 30 degrees eaft-
ward of themeridian of London,will have
noon, and every other houry, two hours
{fooner than it 1s {o at the meridian of
London; and fo on: the time always
differing one hour for every 15 degrees
of Longitude. On the contrary, every
place whofe meridian is 15 degrees Weft
from the meridian of London, will have
noon, and every other hour, one hour la-
ter than it {fo 1s at the meridian of Lon-
don; and every place whofe meridian is

3
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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 {o on.

E. Although this feems plain, I thould
be glad to have itilluftrated by a figure.

N. And here is one (Fig. 2. of PLATE
1I1.) ready for you; in which, let § be
the Sun, e bcde f, &c. the Earth, turning
eaftward round its axis, in 24 hours,
according to the order of the letters.
Let P be the North pole of the Earth,
and e P, b P, ¢ P, d P, &c. be as much of
24 meridian femicircles as can be thewn
in the figure, at 15 degrees diftance from
each other: and fuppofe 4 P to be the
meridian of London.

Then, whichever fide of the Earth
is at any time turned toward the fun, it
will be day on that fide, and might on
the other ; as exprefled by the /Zght 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 to-
ward the {fun, atany moment of abfolute
time, becaufe sbat meridian will then be

in
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in the middle of the enlightened half of
the Earth, as on the meridian P a; it 18
plain that it will be twelve o'clock at
night, at the fame inftant, on the oppofite
meridian » P, becaufe it 1s then in the
middle of the dark. VI o’clock in the
morning on the meridian ¢ P, and VI in
the evening on the meridian g P; and
fo, all the intermediate hours, on the
intermediate meridians, at the very in-
ftant when it is noon on the meridian
P a. So that, {fuppoling P a to be the
meridian of London, it 1s plain, that when
1t is XII o’clock #here, it will be 1 o'clock
in the afternoon on the,meridian P &,
becaufe that meridianis paft by the fun 15
degrees, or one hour, to the eaftward ; II
o’clock in the afternoon on the meridian
P ¢; Il o'clock on the meridian P 4; and
{o on. But, it can only be XI in the
forenoon, on the meéridian P z; when it
1s noon on the meridian 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 P y, becaufe that me-

ridian
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ridian wants two hours of being even
with the fun; and {o on,

Now, as every mafter of a thip 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 celefti-
al poles; if he firft finds the Latitude of
the place of his thip: he may find the
Longitude of that place in the following
manner if he can depend upan the tr ue
going of his watch.

Before he {ets out from any port, as
~ fuppofe from London, let him fet his
watch to the exact 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, {uppofe him to be at fea, on his
way to the Weft-Indics ; and that he has
{ailed from London at ¢ as far weftward
as x, and then wants to find the Longi-
tude of the place of his fhip at x. He
firft finds the Latitude of the place x,

and
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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 thews
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 1s three hours to the
Weft of London; and as cvery hour of
time anfwers to 15 degrces of Longitude,
he finds that the meridian of the place
of his fhip is 3 times 13, or 45 degrees
Weft from the meridian of London.
And, as every hour anfwers to 15 de-
grees of Longitude, {o every four minutes
an{wers to one degree. If he had been
as far eaftward (as at 4) from the me-
- ridian of London, he would have found
it to be IiI o’clock in the afternoon at
the place of his fhip, when his watch
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
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rational and eafy method of finding the
Longitude, if a watch can be made that
will keep exat time at {ea.—Pray, has
there ever been fuch a watch made, {o as
that it can be depended upon? for other-
wife I fhould think it very dangerous;
becaufe, for every four minutes that it
would either gain or lofe, it would caufe
an error of a2 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 that watch has been

found not to keep time quite {o exatly as
- was expected, after fome months trial at
the Royal Obfervatory at Greenwich. Yet
it muft be acknowledged that Mr. Harr:-
Jon has very great merit, and deferves

the reward he has got for his ingenuity:
and many are of opinion, that he can
ftill make a watch that will meafure
time more exactly than the one which
has been already tried (and for which

he has got the reward), as it is the only
one he ever made.

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

E. But 1 {thould think it muft ftill be
very ufeful in finding the Longitudes of
places on the land, where the telefcope
- may be kept quite fteady.—Pray, explain
the method by which the Longitude has
been thus found.

N. The Englith aftronomers have cal-
culated 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, fuppoie an Englithman to
be at Kingflorn in Famaica, and that he ob-
ferves either of Jupiter’s moons to be
-eclipfed juft at One o'clock in the morn-

ng:
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ing: he looks at the tables, to fee at
what time the fame ecliple 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 London and at Kingflon in
Jamaica, is thus found to be 5 hours
8 minutes, or 308 minutes; which be-
ing divided by 4, (becaufe 4 minutes
‘of time anf{wer to one degree of Lon-
gitude) quotes 77 for the number of
degrees by which the meridian of King{-
ton is weft from the meridian of Lon-
don: and thus he finds, that Kingfton
is in 77 degrees of Welft Longitude from
London. '

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

N. 1 thought to have done it in much
fewer words ; and am afraid I have quite
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 breakfaft.

K DIALOGUE
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On the CAUSES of the different lengths of |
DAYS and NIGHTS, the wicifitudes of
SEASONS, and the various phafes of the
MOON.

Neander.

AM very glad to fee you fo early this

morning, Fudofia.~1 hope you refted
well laft night, and had no return of
your late complaint. |

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

N. I am very glad to hear it.—What
fubjet do you propofe for.us to enter

upon, this morning.
E 1
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E. 1 thould be glad to know the rea-
fon why the days and nights are of dif-
ferent lengths ac different times of the
year. For, although ’ts plain, that the
turning of the Earth round its axis
once every 24 hours, muft caufe a con-
tinual 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 days and nights are
continually varying in their lengths,
unlefs it were by a particular motion of
the Sun northward and fouthward, acrofs
the Equator, in a year.—But, from what
you have already told me, it appears
plain, by the ftated laws of nature,
that the Sun cannot have any fuch mo-
tion.

N. Indeed he cannot.—And you fhall
foon f{ee the reafon of the different
lengths of days and nights, and of all
the four feafons of the year, without
any motion of the Sun northiward and
fouthward acrofs the Equator.—Pleafe to
light that candle, by way of a Sun,

K 2 and
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and fet it'upon the table, whilft I {hut
the windows; f{o that we may have
no light in the room but from the
candle.

E. There 1t is, brother.

N. Now, I put a wire axis through
our {mall three inch globe, {o as to reach
a little way out from its {urface 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 perpendicu-
lar 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. Exactly fo.

N. And that one half of the globe is
enlightened by the candle, whilft the
other half is not: and confequently, that -
it appears as if it were day on the fide of
the globe next the candle, and nght on
the oppolite fide.

E. Very plain.
N. I now turn the globe round its
axis many times during the time I
6 IMove:
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move it round the candle as before;
and you fee that every part of its {ur-
face, from the North pole to the South,
goes equally through the light and
thade. So that, if the globe was turn-
ed round its axis once every 24 hours,
and carried round about the candle once
in a year, every point of its furface from
pole to pole, would be twelve hours

in the light, and twelve hours in the
dark. |

E. Undoubtedly it would.

N. Then, you fee, that {fuppofing the
candle to have no motion from one f{ide
of the Equator to the other, and the
axis of the globe to keep perpendicular
to its-orbit, and 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 fthines as far over the
North pole as the axis of the globe is
inclined toward the candle; and that all

K3 | thofe
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thofe places of the northern hen'iifphere -

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

{horter than their nights.

But, make the North pole of the axis
decline from the candle, and turn the
globe round its axis; the candle will
not enlighten the globe to the North

pole, but it will fhine round the South

pole. And now, all the northern plaées
“of the globe which go through the light,
go through lefs of it than they do of
the dark; {o that the days are fhorter
than the nights on the North-fide of the
Equater, and the contrary on the South
fide of it.—You now fee, that turning
the palcs of the Earth alternately, more

or
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or lefs, toward and from the Sun, will
have the fame effect, as if the Sun really
moved northward and fouthward, to dif-
ferent fides of the Equator.

E. It will, indeed.—But do the poles
of the Earth incline toward the Sun, and
from him, in that manner, at diflerent
times of the year?

N. They do: and here is a figure,
(PLATE IV. Fig. 1.) by which the whole
of that matter may be very eafily ex-
plained. |

Let ABCDEFGHA reprefent the
Earth’s orbit (feen obliquely, which
- caufeth it to appear of an elliptical thape).
And let I be the Earth, going round the
Sun §, according to the order of the let-
ters 4, B, G, D, &c. once every year.

Now, fuppofe a great circle P u I'p x,
 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 z /p x into
360 equal parts or degrees; and fet off
23: of thefe degrces from P tow. Then,
at the diftance P # from the North pole,

Ky draw
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draw a circle all around it; which call
the North polar circle: and fuppofe juft
fuch another circle to be drawn around
the South pole.

Make the Earth’s axis P p incline
231 degrees toward the right hand fide
of the plate; and let the Earth 7 be car-
ried round the Sun S, in the orbit 4, B,
C, D, &c. in the time of its turning 365%
timmes round its axis : and, in its whole
courle, let its axis P p flill incline 231
degrees toward the right-hand fide of the
plate. _

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

| ' Equator,
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Equator, is equal to the diftance P =z
from the North pole; which is 232 de-
grees.—This- is the Earth’s pofition on
the 21ft of June, when our days are

at the longeft, and nights at the fthort-
eft.

At the diftance 2 T (23; degrees
northward from the Equator) defcribe
the circle 7, round the globe, parallel
to the Equator: and as the Sun is di-
rectly over the circle 7, in the right line
R, and can never be farther North of
the Equator; but begins then to recede,
as it were, fouthward from the circle 7;
- that circle 1s called tbe Northern Tropic, or
limit of the Sun’s greateft North declina-
tion from the Equator 2.

As the Earth moves on in its orbit,
from 7 to K, its axis P p inclines more
and more fidewife to the Sun §; as it
ftill keeps parallel to the pofition it had
when the Earth was at /: for which
reafon, the northern places are gradual-
ly turned away from the Sun ; and their

days grow fhorter, and their nights
longer.

When
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When the Earth is at K, its axis P p
inclines neither toward the Sun nor from
him, but is fidewife to him: fo that
the Sun is then dire&tly over the Equa-
tor, and enlightens the Earth juft from
pole to pole. And, as the Earth’s rota-
tion on 1its 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 pofi-
tion on the 23d of September.

As the Earth advances from X to Z,
through the: part C D of its orbit, the
North pole £ and all the northern places
of the Earth are gradually more and
more turned away from the Sun §: and
thofe places of the northern hemifphere
which go through the light and the
dark, go throughmore of the dark thin
of the light; fo that their days become
gradually fhorter, and their nights
longer. '

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

| toward
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toward him when the Earth was at 7:
and therefore, when the Earth is at Z,
the whole North polar circle # is in the
dark ; and the Sun points 235 degrees
(as fhewn by the right line ») to the
South of the Equator 2; and is then
over the circle ¢, which is parallel to the
Equator, and is called the fouthern tropic,
becaufe it is the uumoft limit of the Sun’s
South declinauon from the Equator.
This 1s the Earth’s pofition on the 2ift
of December, when ail thofe places in
the northern hemifphere, which go
through the light and the dark, go
through the leait portion of the light,
and the greateft of the dark, that they
can do on any day of the year. And
therefore,the days arethen at the thorteft,
and nights at the longeft, in the northern
half of the Earth, all the way from the
Equator £ to the North polar circle z;

within which circle there is no day at -
all.

As the Farth advances from L to M,
through the part E F of its orbit, its axis
P p is gradually more and more turned

fide
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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 M, which
is on the 2oth of March, its axis neither
inclines toward the Sun nor from him,
but fidewife to him. And then, the Sun
is diretly over the Equator @2, and en-
lightens the Earth from its North pole P
to its South pole p: aud 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 /, in the part G H of its orbit, its
North pole P, and all its northern places
from the Equator @ to that pole, advance
gradually more and more into the light;
and fo, have their days longer and
‘nights. thorter, till the Earth comes to 7
on the 20th of June, when the days in
thofe places-are at the longeft, and nights
at the thorteft; becaufe they incline the
moft to the Sun that they can do on any

day
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day 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
15 then no darknefs at all.

And thus, as the Earth’s axis {till in-
clines 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 15 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 boundary
of light and darknefs # x.

E. This very plainly thews the reafon
of the different lengths of days and
nights, and alfo of all the variety of

{eafons.
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feafons.—But, as T apprehend the matter;,
“each pole, in its turn, muft be con-
tinually in the light for half a year to-
gether; and in the dark for the other
half: fo that it appears there can be but
one day and one night at each pole, 1n
the whole year.

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

E. I came into your room yefterday
about one o’clock; but you happened
then to be out: and {eeing a book lying
open on your table, I looked into it;
and found mention made of the eclipiic,
the /fizns thereof, and the Surn'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 great circle (tho’ only an imagin-
ary onc) we call the Ecliptic. And as the
Earth moves in the plane of {uch a cir-
cle, in its whole courfe round the Sun,

p i
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1t will be always feen from the Sun as
moving in {fuch a circle among the ftars:
and, at any 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 parts, called Signs, and each
fign into 30 equal parts called Degrees.
And in wbhatever Sign and Degree the
Earth would appear, as feen from the
Sun, at any given time; the Sun muft
then appear in the oppofite Sign and De-
gree 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, Leo, Virgo, Libra, Scorpio,
Sagittarius, Capricornus, Aquarius, and Pifces.
The month and days of the year, in

which
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which the Sun appears to enter thefe
Signs, are as follows.

Alrfes, Taurus, Gemini, Cancer, Lee, Firge,

March April May June July Auguit
20 10 ) z1 23 23

Libra, Scorpio, Sagittarius, Capricornus, Agquarins, Pifees,

Sept, O&ob, Novemb, Decemb. Jan, Feb.
23 23 2 21 20 19

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 fign has 3o degrees; this is the
11th day of July, and the Sun does not
enter Leo till the 23d; fo that he muft
vet be in Cancer. Take 11 from 23,
and there remains 12; fo that the Sun
1s now 12 degrees fhort of the laft point
of Cancer ; and confequently, he is in the
18th degree thereof.

N. You are perfectly right, fifter: and
I think we have done with this part of
our fubject.

E. And will you allow me, this morn-
ing, to enter upon any other?

N. Why not; and continue 1t too till
the bell calls us to breakfaft.

E. Which, 1 hope, will not be in lefs

than half an hour: and till then, I
{hould
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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
1t is between your head and the candle;
the light fide when it 1s carried half
round, or oppofite to the candle with
refpe¢t to your head; and in the mid-
dle between thefe two pofitions, you have
half the light and half the dark fide to-
ward you.

E. Very true.—And when the globe
is between me and the candle, the whole
of its enlightened fide aifappears: when
you move it a little way from that po-
fition, I {ee a little of its enlightened
fide, appearing horned, like the Moon
when fhe 1s a few days old. When you
carry it a quarter round, I fee half its
enlightened fide, which appears juft like
the Moon when fhe is a quarter old.
As you move it farther onward, I fee
more and more of its enlightened fide ;

and
2
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and it continues to increafe like the
Moon, till it is juft oppcfite 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 enlightened fidé,
which gradually decteafes like the Moon,
until you bring it again bétween me
and the candle ; and then, the whole of
its enlightened fide difappears, ds be-
fore. | '

N. And doth not this fhew very
plainly, why the Moon muft appear to

u1s to increafe from the change to the

full ; and decreafe from the full to the
change?

E. Very plainly, indeed : and, I think,
it alfo thews that the Moon does not

fhine by any light of her own; but

only by refle&ting the Sun’s light that
falls. upon her. For, if the fhone by
her own light, we fhould always fee her

round, like the Sun:
N. That 1s a very good and juft ob-
fervation, fifter; and it is a remark that
L 2 i might
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- toward the Earth, and fhe will then ap-
- pear as at g, or in her firf quarter, be- .
- ing then got a quarter ¢ {af her orbit_out_
~ from bctween the L&I‘[h a,nd the Sun..
When fheds-at 2, more than half of her
enhghteqed ﬁdc is toward the Earth ;.
and fhe appears (what we call) Gibbous,
as-at p. ‘Whendhe is ioppofite to the
- Sun, as at 2, the whole of her enlight-,
ened fide is toward the Earth: and.- ihe
appears round and full, as.at g.

£. Let me inferrupt, you.a hrtle hEI’E
Pray how ~ean. the, Sun {hine upmlﬂthe
- Moon, when'the Earth . is directly be-<
tween hercand the Sun:? For, I fhould:
- think; that the Earth would ftop the Sun’s
hght: from going to.thexMoon.: idxils

N. It does fometimes; and then the
Moon 'is ‘eclipled: and {ometimes the
Moon comes directly between the Earch
and the Sun at the time-of her change;
and then we fay, the Sun is- eclipfeds
But we ﬂ;all talk of thefe matters after-
ward.
 E. Iam very glad of it: and now, Sir,
1 pray proceed, |

.- k3 N. When
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N. When the Moon is at R in her or-
bit, part of her enlightened fide is turned
away from the Farth; and fhe appears
gibbous again, as at ». When fhe 15
at 7" (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 ap-
pears half decreafed, or in her third
quarter, as at £&. . When fthe is at U in
her orbit, the greateft part of her en-
lightened fide is turned away from the
Earth ; and the appears horned, as at z.
And when fhe is between the Earth and
the Sun again, as at M, fhe is quite in-

vifible ; becaufe the whole of her un-

enlightened fide is then toward the
Earth.

E. This does very well ; but I like the
candle and ball #ill better.

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

per.
E. How long is the Moon in going
round her orbit from change to change 3
N. Twenty-

i
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' N. Twenty-nine days, twelve hours,
forty-four minutes, three feconds.

E. And what 15 her diftance from the
Earth’s center? |

N. Two hundred and forty thoufand
Englith miles.

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

N. Sixty times: and thercfore, every
degree of the Moon’s orbit is equal
in length to 6o degrees of a great
circle (or 4155 miles) on the Earth’s
{urface.

E. What 1s the Moon’s diameter;
and in what proportion is it to the
Earth's ?

N. The Moon’s diameter is 2183:
miles; and it is in proportion to the
Earth’s diameter as 1co is to 365, or as
20 to 73. . '

E. What are thofe {pots 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, be-
fore there were good telefcopes to view

{ g ! the
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the Moon by. But now they are found

.to be only darker places of the land in
the Moon, which do not refle¢t the Sun’s
light {fo copiouly as the whiter parts do.
For we {ee they are full of pits and
deep valleys: ‘but if they were: {eas,,
they would have even and {mooth fur-
faces.

E. So they certainly would, brother,
But as it may be known by thefe {pots
whether the Moon turns round her own

- axis or not ;—if the does turn round, I
thould be glad to know in what time;
becaufe I thould thereby know the length
of her days and nights.

~ N. She turns round her axis exaétly
in the time fhe goes round her orbit;
and this we know by her keeping al-
ways the fame fide toward the Earth.

E. Then fthe can have only one day
and one night between change and
change, or in zg days, 12 hours, 44
minutes, 3 {econds, of our time.

N. Exactly fo.

E. And 1§ her axis 1nc11ned to her or-
bit, as our Earth’s is to its orbit ?

oo A Nos
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N. No: her axis:is perpendicular to
the ecliptic, in which the Earth moves ;
and necarly perpendicular to her own
orbit.

E. Then . her da}rs and nlghts muﬂ:

always be equally long; and fhe can_;
have no different feafons?

N. You are very right, Eudgfia.
E. But pray, brother, how is it pof-
~ {fible that we can only fce one and the

fame fide of the Moon, at all times, if
{he turnis round her axis *—For, I ﬂmuld

think, that if the has fuch'a mi‘)t‘itm wé
muft fee all her fides. '

N. Take up that little globe b)r 1t5'
axis, between your fore-finger and
thumb. | ;

E. There it 1s. |

N. Now, hold its axis, without turn-
ing, (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 turn-

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

E. They are indeed.

N. Carry it round the ink-horn

again ; and try whether you can make
it ftill keep one and the fame fide to-
ward the ink-horn, without turning
round on its axis, by turning the axis
round between your fore-finger and
thumb. - -
- E, 1 find it impoffible 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
berwixt my finger and thumb: and, as
the axis is fixt in the globe, I cannot
turn the axis round without turning
the globe round toe.

N. Well, fifter, feeing that the Moon
goes round the Earthin 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 turn-
ing round her axis?

E. It
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E. It certainly is: and I can alfo fee,
that as the Sun is on the outlide of .the
Moon’s orbit, her keeping always the
{fame {ide toward the Earth, makes her
{hew herfelf all around to the Sun be-
tween change and change.—For, in the
time that 1 carried the globe 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 carried the globe
{o round, faw all its fides.

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

e

DIALOGUE
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the Earth would difappear, or be n#ew to
the Moon.

N. What reafon have you for think-
ing {o, Endofia? :

E. Becaufe, whichever fide of the
Earth or Moon is turned toward the
Sun at any time, that fide is then en-
lighteried by the Sun. And therefore,
when the dark {ide of the Moon M (Fig.
g2 of PLATE IV.) 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 doeés
not appear to us. And farther, when
the Moon appears half full to us (or in
her firft quarter) at 0, the Earth muft
appear half decreafed to the Moon, be-
ing 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 {cen from the Earth, the Earth

muft
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muft appear as in its firft quarter to the
Moon ; it being then the middle time
between the new and full Earth, as feen
from the mocn.

N. You are exaltly right, fifter::and
as the furface of the Earth i1s 13 times
as large as the furface of the Moon;
when the Earth is full to the Moon, its
{furface 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 always 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 meridian 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
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-of any other meridian of the Earth from
that meridian, might as eafily be found
as the’ elevation of the pole abave the
horizon is found.—Now, feeing that the
Moon keeps always one and the fame
fide toward the Earth, ’tis plain, that the
Earth will be always over an obferver’s
head who is on that part of the Moon’s
furface which feems to us to be her cen-
ter. And therefore, if Longitude on the
Moon were reckoned from the meridian
of that obferver, thofe on all her other
meridians on the fame fide, might find
how many degrees lie between their me-
ridian and that which is under the Earth,
by obferving how many degrees the
Farth is Eaft or Weft of their meridian.
But, as thofe inhabitants who live on
what we call the dack of the Moon, ne-
ver {ee the Earth; they are deprived of
that eafy method of finding their Longi-
tude.

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

having no talent that way, all I fhall
{ay,
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fay is, that I am very well pleafed by it.

E. 1 am very glad to hear you fay
fo, becaufe you thereby affure me that I
am right.—But now a difficulty occurs
to my mind, which I bég you will res
INove.

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

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 bes
hind. _
~ N. The Moon is within the {phere of
the Earth’s attraction : and therefore, let
the Earth move in its orbit as faft as it
will, the Moon muft accompany it. For
you know, that if you put a pebble in-=
o 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
M & walk
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walk direé&ly 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
firing to confine the pebble in its orbit,
will be the fame in one cafe as in the
other.

E. 1 thank you, brother, for having
fet me right in this.matter; and at the
fame time for convincing me, by the
fimile, that the Moon’s centrifugal force,
or tendency to fly out of her orbit, is
equal to the power by which the Earth
attracts her, and thereby retains her in
her orbit: for, if her centrifugal force
were greater than the Earth’s attraction,
fhe would fly out of her orbit, and fo
abandon the Earth. And if her centri-
fugal force were lefs than the power by
which the Earth attracts her, the would
come nearer and nearer the Earth in
every revolution, and would fall upon it
at laft,

N. I find, dear Eudofia, that you very
feldam need to be fet right: and when

Ido
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from the pebble and{ling. Idrew a figure,
laft Saturday afternoon, in order to ex-
plain this matter to you by it. But, as
you underf{tand the thing fo well already,
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, & the 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 b 7
k [: and let the Earth, together with the
Moon and her (imaginary) orbit, go
round the Sun in a year.

Draw a diameter £ 5 of the Moon’s
orbit, when the Earth is at a; fo as, if
that line were continued, it would go
on firaight to the Sun’s center §: ’tis
plain, that when the Moon is in the end

b of
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b of that line, tThe muft be new, or be-
tween the Earth and the Sun.

As the Earth moves on, from ¢ to
from b to ¢, from ¢ to d, from d to e,
&ec. the faid diameterk b, kb, k b, k by, will
ftill continue parallel to the pofition £ A,
that it had when the Earth was at a:
that 1s, it will always keep perpenditu-
lar to the bottom-line H 7 of the plate.
And therefore, if it pointed once toward
a fixed ftar, whofe diftance from the Sun
is fo great, that the whole diameter of
“the Earth’s orbit bears no {enfible propor-
tion to that diftance (which is really the
cafe), the point h would always keep be-
tween the Earth and the fame ftar.

- E. I underftand you very well : but,
do you fay The flars are fixed ?

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

E. 1 beg pardon for interrupting you
{o often.—Pray, now proceed.

N. In the time the Moon goes round
from hto b again, inthe dire&tion b ik ! b,
{he goes quite round her orbit; which

fhe would always do between change
M 3 . and
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confifts of as many degrees as the part
a b ¢ of the Earth’s orbit does.—And {o
on, through the whole figure.

E. 1 fee all this very plainly; and
that the figure includes fix changes of
the Moon, as from b to m, from m to =,
from # to o, from o to p, from p to g,
and from g to ~.—But, at the /of of thefe
changes, it feems (by the figure) that
the Earth has not gone half way round
the Sun: for the laft line of conjunétion
- 8 r g is not quite even with the firft line
of conjunction a A S.

N, Nor fhould it be; for if it be
rightly drawn (and I find I muft take
- care how I draw figures for you), it muft
want 57 degrees of the Earth’s progref-
five motion in half a year. For fix
courfes of the Moon, from change to
change, contain only 177 days, 4 hours,
24 minurtes, 18 feconds, which wants
¢ days, 7 hours, 35 minutes, 42 fe-
conds, of 182 days, 12 hours, which
is the half of a common year. And, in .

that difference of time, the Earth moves
1 fome-
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fomewhat more than 5 degrees in its
orbit.

E. I remember you told me that the
time from change to change is 29 days,
12 hours, 44 minutes, g {feconds: pray

in what time does the Moon go round
her orbit ?

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

E. And how far doth the Earth move
in 1ts orbit between change and change
of the Moon? :

N. Twenty-nine degrees, fix minutes,
twenty-five {feconds.—~2nd here you are
to underftand that a2 minute 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, 25 feconds, more than round
her orbit. |

N, True Eudsfia; and now I have
only to tell you farther, on this fubjeét,
that the Moon'’s going round ber orbit 1s call-
ed ber periodical revolution ; and that her

gaiﬂg
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going round from change to change is called
her fynod:cal revolution.

E. I thank you, Sir, for having told
me fo much.—But are you not tired at
prefent with hearing and an{wering my
queftions?

N. Very far from it—I love thefe {fub-
jeéts; and my talking with yox about
them will keep me from forgetting them.

E. Then, I fthould be exceeding glad
to know fomething about eclipfes.

N. You fhall know that very foon,—
In Fig. 2. of PLATE V. let § be the Sun,
M the Moon, and E the Earth; abc d

the Moon’s orbit, in which fthe moves
according to the order of the letters;
and Cbd D a part of the Earth’s orbit,
wherein it moves in the direction € D.—
The Moon is new when fhe is at M, and
full when fhe is at .

Draw the ftraight line 4 ¢ E from the
caftern edge of the Sun, clofe by the
eaftern edge of the Moon, to the Earth
E : then draw the flreight line B ¢ E from
the weftern edge of the Sun, clofe by the
wellern edge of the Moon, to the Earth.

E. Let
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E. Let thefe lines be fuppofed to turn
round the middle line F M E; and the
fpace ¢ e, within them, between the
Moon and the Earth, will includé the
Moon’s dark thadow, which is of a coni-
cal figure, (like an inverted fugar-loaf)
and coversonly a fmall part of the Earth’s
furface at E: 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 only at that part,
becaufe the Moon flops not the whole of
the Sun’s light at that inftant of time, -
from any other part of the Earth.—'Tis
evident that if the Moon were nearer
the Earth, her dark thadow would cover
a larger part of its furface: and if fhe
were farther from the Earth, her thadow
would end in a point, fhort of the
Farth’s {furface ; and then, fhe could not
hide the whole body of the Sun from
any part of the Earth; and thofe who
were juft under the point of the dark
fhadow, would fee the edge of the Sun,
like a fine luminous ring, all around
the dark body of the Moon.

But,
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But, although the Moon can hide the
whole body of the Sun, only from a
{mall 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 Earth’s

{furface. For,

- Draw the ftraight line 4 f o from the
eaftern edge 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 eaftern edge of the Moon, to the
Farth at n. Let thefe lines (A4 f o and
B f n) be {uppofed to turn round the
middle line F M E, and their ends (# and
o) will defcribe a large circle on the
Earth’s {urface, around E; within the
whole of which circle, the Sun will ap-
pear to be more or lefs eclipfed by the
Moon at M, as the places within that
circle are more or lefs diftant from its
center E, where the dark fhadow falls.
For, when the Moon 1s at M, an obfer-
yer on the Earth at #, will {ee the eaftern

edge
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edge of the Moon, juft, as it were, touch-
ing the weftern edge of the Sun at B;
and an obferver at o will {fee the wellern
edge of the Moon, juft, as it were, touch-
ing the eaftern edge of the Sun: but to
all the places between » and o, the Moon
will hide a part, or the whole of the
Sun, according as they lie between » and
E, or between o and E, or diretly at E.
—This faint thadow, all around the dark
one, from # to o, on the Earth’s furface,
is called the Penumbra, or partial thadow
of the Moon.

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

N. About 4700, when its center falls
directly 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 furface, its figure thercon
will be elliptical ; and then, the fpace
that it covers will be much larger ; efpe-
cially if the Moon be then at her leaft
diftance from the Earth.

E. What!
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E. What! brother : 1s not the Moon'’s
diftance from the Earth always the
fame?

N. By no means: for the Moon’s or-
bit is of an elliptical (or oval) figure;
and every ellipfis has two centers, which
are between the middle and the ends of
its longeft diameter: and the Earth’s
center is in one of the centers (or, as they
are called, focufes) of the Moon’s ellipti-
cal orbit.—So that, when I formerly told
© you, that the Moon’s diftance from the
Earth’s center is 240,0c0 miles, I only
meant her mean (or middle) diffance be-
tween her greateft and leaft diftances.

E. Then I underftand, that the Moon’s
diftance from the Earth muft be con-
tinually 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 {pot 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 totally hid by the Moon?

N. About 180 miles.

I, As
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E. As the Moon’s diftance from the

Earth is little more than a 396th part
of the Sun’s diftance from it, (as I have
computed) I fuppofe the Moon’s thadow
at the Earth will move almoft as faft as
the Moon moves in her orbit.—Pray, in
what time will the dark part of the fha-
dow move over about 180 miles of the
Earth’s furface?
- 'N: In four minutes and an half: and
~would 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 thadow falls, longer in the thadow
than it would be, if the Earth had no
fuch motion. |

E. Then an eclipfe of the Sun can
never continue total, above four mi-
nutes and an half, at any place of the
Earth?

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

Britain,
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Britain, whofe motion is {flower, becaufe
it is nearer the motionlefs pole, it would
be {odner over.

E. How then could the Sun be dark-
ened fo long as'three hours, at the time
of our SAVIOUR’s crucifixion, as it-is
mentioned to be in the Gofpels ?

N. There is no way of accounting for
that darknefs, upon aftronomical prin-
ciples: for it.was entirely out of the
common courf{e of nature?

E. How do you prove that it 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 pof=
{ibly hide the Sun from any part of the
Earth. '

E. 1thould be very glad to know how:
you can prove, that the cricifixion 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 have made this very clear.—
And now, if you pleafe, I fhould be

glad
1.
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glad to have the caufe of the Moon’s
eclipfes explained.

N. In the fame figure, draw the
ftraight line 4 g ¢ from the ealtern edge
of the Sun, clofe by the eaftern edge of
the Earth at g; and the ftraight line
B b k from the weitern edge of the Sun,
clofe by the weftern edge of the Farthat
k.--Let thefe two lines be {fuppofed to turn
round the middle line # M m, and they will
include the {pace between the part which
is filled by the Earth’s thadow g ¢ £ h—
'Tis plain, that, when the Moon is at
m in her orbit, the is totally covered by
the Earth’s fhadow and eclipfed by it;
as it muft then fallupon her, becaufe the
Earth is between her and the Sun.

E. But how is it, that the Moon is
at all vifible, when the Earth muft en-
tirely ftop the Sun’s light from falling
upon her, and the 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 {ee her at the change,

I {fhould think we could not fee her
when
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when fhe is totally eclipfed ; becaufe zhaz
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 total eclipfe ; for I faw her, and the
appeared of a colour fomewhat like that
of tarnifhed copper.

N. You are very threwd in }fﬂur re-
marks, fifter:—and I will tell you why
the Moon is not invifible when fhe is
- totally eclipfed.

""The air, or atmofphere, which fur-
rounds 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 atmofphere, all around the
Earth, in the boundary (¢ b) of lighs
and darknefs, are, by the atmofphere,
bent inward, toward the middle of the
Earth’s thadow : and thofe rays, fo mix-
ed with the thadow, fall upon the Moon,
and do enlighten her in {fome {mall de-
gree.  She reflects the rays back to the
Earth which fall upon her, and fo fhe

N ey
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is vifible only on that account., For, if
the Earth had no atmofphere, its fhadow.
would be quite dark; and the Moon
would be as invifible, when fhe is to-
tally immerfed therein, as fhe is ac the
time of her change.

E. I thank you, brother, for all thefe
informations; but I {till want more.

N. Only f{ay what they are; and I will
wform you if I can.

" E.Ifee plainly by the figure, that the-
Sun- can never be eclipfed (in a natu-
ral way) but at the time 6f new Moon ;
becaufe the Moon’s fthadow 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 thadow 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 ¢ 4 ¢ kd alay

exa&ly cven (or in the fame plane) with
the
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the Earth’s orbit C % 4 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 crofles the Earth’s orbit in
two oppofite points.——When cither 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 paff=
eth above or below the Sun, as feen
from the Earth: and, at all other full
Moons, the Moon either pafleth above or
below the Earth’s thadow. One of thele
points is called the Afcending Node of the
Moon’s orbit; becaufe, when the Moon
has paftby it, the afcends northward,or to
us, above the plane of the Earth’s orbit ;
and the oppofite point is called the Defcend-
ing Node of the Moon’s orbit; becaufe,
as foon as fhe has paft by it, the defcends

- N 2 {fouth~
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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 be-
fore the other could be {o?

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

E. As there muft be fome diftances
from thefe nodes, within which the
Sun and Moon muit be eclipfed ; I thould
be glad to know what thefe diftances
Are:

N. They



Lapy’s ASTRONOMY. 188

N. They are only 17 degrees for the
sun, and 12 forthe 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. - Twice 17 is 34, about
one node, and there are as many about

the other: in all, 68 degrees out of
860, 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 Moon. Am I right,
brother? If I am, ’tis no wonder that
we thould have fo many new and full
Moons, and fo few eclipfes.

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

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

N. Yes. , |
N 3 Ed
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E. 1 with you would teach me to do
{fo too, if vou think I have a fufficient
capacity for that branch of {cience.

N. You have much more; and I will
inftruct 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 calcula-
tions, no farther arithmetic is neceflary
than addition and fubtraition. But you
muft learn firft to calculate the times of
new and full Moons.

E. That [ will do, with very great plea-
{ure. _

N. Then we will fet about it to-mor-
row morning, if you pleafe: but the
whole will take up a week at leaft: du-
ring which time, we muft fufpend our
ufual confabulations.

E. 1 with te-morroww 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 titles

page of that book? ,
£, 1
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E. 1 remember the book very well ;
but did not look at the title-page.

N. It is Fergufon’s Aftronomy. I fent
for it to Mr. Cadell's thop in the Strand,
oppofite Catharine flreet, on purpofe to
make you a prefent of it. There it is;
and I am {ure you are qualified to read
and underftand i.

E. I heartily thank you, dear Neander,
for this prefent.

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 {pare
time to-day, I with you would begin,
by yourfelf, to read the precepts, 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
breakfaft, (which is later than ufual to-
day) tell me what it is,

N 4 E.1
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DEALOGULE VI,

On the CAUSE of the EBRING and
FLOWING of the S EA.

Neander.

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

N. 1 do.—In Fig. 1. of PLATE VI. let
A B C D A be the Earth, all covered with
water except the top of an ifland 4 a.

Let
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Let the Earth be in conftant motion, turn-
ing eaftward round its center E, every
24 hours, according to the order of the
letters A4 B C D; and let i/ be the Moon,
moving caftward in her orbit O o, as
from M to o in 24 hours, 50 minutes.
You know that the Earth and Moon are
within the reach of each other’s attrac-
tion ; and therefore, as the Earth attra&s
the Moon, fo the Moon re-attracts the
Earth.

E. Yes, Sir.

N. Do you remember my telling you,
fome days ago, -that the attraction dimi-
nifhes, as the {quare of the diftance from
the attracting body increafes ?

E. I remember it very well.

N. Then you know, that the Moon
muft attraét the fide 4 of the Earth
which is neareft to her (at any time)
with a greater degree of force than fhe
attracts the Earth’s center E; and that
fhe attraéts the center E with a greater
degree of force than fhe attraéts the fide
C of the Earth, which is then fartheft

from her.
E. Certainly.
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E. Certainly.

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

E. Undoubtedly fo ; becaufe every par-
ticle of matter attracts with an equal
degree of force ; and therefore, the body
which has the greater quantity of mat-
ter muft attract the other with fo much
the greater degree of force.

N. Well done, Eudofia. Let us now
{uppofe the Earth and Moon falling to-
ward each other. The earthy parts of
our globe being connected, and coher-
ing together, would not yield to any
difference of the Moon’s attractive force ;
but would all move equally faft toward
the Moon: as if a cord were tied to each
¢nd of a great folio book on the table,

and
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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, {o as to move the book ;
all the parts of it will move equally
faft, notwithftanding the different forces
by which you and I pull it. But the
waters are of a yielding nature ; the co-
" herence of their particles being very
{mall: and therefore, they will be differ-
ently affected, according to the different
degrecs of the Moon’s attradtive force,
at different diftances from her.

And therefore, as the waters at A are
more attratted by the Moon than the
Earth is at its center E, they move fafter
toward the Moon than the Earth’s center
does ; and confequently, with refpect to
the Earth’s center, they rife higher to-
ward the Moon, as from 4 to a: and as
the center E moves fafter toward the
Moon than the waters on its furface at
C do; the waters at Cwill be, as it were,
left behind : and confequently, with re-
fpect to the center E, they will be raifed,
as from C to o _

B 80
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E. So far, I underftand you perfeétly
well.

N. But as there is ftill the fame quan-
tity of water on the whole Earth, the
waters cannot rife at one place without
falling at another.—And therefore, the
waters muft fall as low at 4 and 4 as
they rife, at the fame time, at ¢ and
¢ : {o that an obferver placed over E, at
a diftance from the Earth, would fee the
furface of the waters not of the round
thape 4 B C D, as they would be if the
Moon did not difturb them by her at-
traction, but of the elliptical fhape
abed.

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 high
water, under the Moon M : when it ig
at B, it will be in the /low water, {ix hours
from under the Moon: when it is at C}
it will be in the bigh water again, twelye
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

5 ; had
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had no progreflive motion in her orbit
0 o, but kept always in the {ame right
line 4 M, the ifland 4 a would have two
ebbings and two flowings of the Sca
every 24 hours.

E. It would. But I find the tides are
put down, in my almanack, later every
day than on the day before.  And now,
I 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 parf of a
revolution in the time that the Earth
makes a whole rotation: and therefore,
the Earth muft turn as much more than
round its axis, before the fame ifland
. can come even with the Moon-again, as
the Moon has advanced in her orbit du-
ring that interval of time..

' N. You are right, Eudofiz .—for, in the
time of the ifland’s revolving from 4
to 4 ag’lin (in the direction 4 B C D' 4)
which 1s 24 hours; the Moon moves
from M almoft to ¢ in . her orbit: and
therefore, after the ifland has come
4 round
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round to A again, it muft move on from
A to e, before it can be in the middle of
the tide of flood the next day, under the
Moon, which will have then moved from
A to¥e.

- E.How long 1s the ifland in mﬂvmg
from dtoe?

N, Full 50 minutes: and fo much
later are the tides every day than they
were on the day before. The failors
call it only 48 minutes; and it would
be exaétly fo, if the Moon were 30 com-
- pleat’ ‘days and nights going round
from change to change. But as the
time is only 29 days, 12 hours, 44 mi-
Autes, 3 feconds, (at 2 mean rate) themuft’
move a little farther every day than fhe
would if f{he took the full 30 days: and
this difference 1s equal to about 2 mi-
nutes of time, of the Earth's motion on
its axis.

E. Then as the Moon goes round
her orbit, from change to change, in
29% days (in round numbers) the ifland
‘A a can only come 28 times round
j-rom. the Moon to the Moon again, in

that



192 The Youne GENTLEMAN and

that time ; and confequently, it can have
no more than twice that number of tides
of flood, at ¢ and ¢; or 57 tides of flood,
and as many of ebb, between change
and change of the Moon.

- N. You are very right: and confe-
quently, in two courfes of the Moon,
from change to change, which is 59 days,
1 hour, 28 minutes, 6 {econds, there are
only 57 double tides of flood and as
many of ebb.

E. This account of the tides would be
extremely natural, and eafy to be un-
derftood, if the Earth and- Moon were
continually falling toward one another.
But feeing that the Moon’s motion in
her orbit gives her a centrifugal force,
equal to the force with which the Earth
attraéts her, the cannot fall toward the
Earch at all. And, from what you told
me, in our fecond dialogue, about the
Earth and the Sun; I {hould think, that
if the Earth 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
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the Moon’s -attraction would take the
Earth away, as it could have no centri-
fugal force to balance her attraction.

N. Dear f{ifter, you cannot imagine
how much pleafure it gives me to talk
with you on thefe fubjeéts ; dn account
of the proper inferences and applica-
tions you make.—The Earth and Moon
do really move round the common cen-
ter of 'gravity between them, every
month : and it is zhat center of gravity
that defcribes the very orbit in which the
Earth’s center would move round the
Sun in a year, if the Earth had no Moon
to attend 1t.

E. You may thank yourfelf, Neander,
for all thofe inferences and applications 3
as they only refult from your explana-
tions, and leading me fo gradually on,
from one fubject to another. - But, pray
how many miles is it from the Earth’s
center to the common center of gravity
between the Earth and Moon? Undoubt-
edly that diftance, compared with the
Moon’s diftance from the Earth’s center,
muft be in proportion to the quantity of

O matter
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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 Moon, I
will ary to compute how far the com-
mon center of gravity between them is
from the Earth’s center. |

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

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

N. Indeed you are: and, before we
talk further about the common center
of gravity between the Earth and the
Moon, I will endeavour to illuftrate this

affair
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affair about the tides to you, in a different
manner from what I have done. ForI
find, that even if I had intended to ex-
plain it by the falling of the Earth and
Moon toward each other, you would
have juftly believed that I was miflead-
ing you.

Here is acircular hoop (Fig. 2.) ABCD,
of thin plate brafs.-—-You fee it is very
flexible : for, as I pull out the parts 4
and Cto a and ¢, the parts B and D fall
in to 4 and 4; and the hoop becomes of
. the elliptical fhape a b ¢ 4.

E. True;—and juft like the fhape of
the furface @ & ¢ 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 a and ¢, it will return to its former
circular thape 4 B C D.

E. 1 fee it does, now you have left it
at liberty. |
N. And, if the Moon’s attraction
fhould ceafe (Fig. 1.) the waters abcd
would return, from their elliptical {hape
a bcd, to their former round fhape 4
B CD.
.2 E. Yeb 3
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-~ E. Yes; for they would run from the
higheft parts 2 and ¢ to the loweft parts
b and 4, tll their {furface was equally
diftant from the Earth’s center £, all
around.

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

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

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

E. Let me confider——I think they
will not. For, as the part ' C will go
round your head in the {fame time as
the part 4, but falter, becaufe it is fur-
ther diftant from your hand; I ima-
gine that the part € will have as much
more tendency to fly off than the part
4 has, as its diftance from your hand is
greater.

N. Exactly
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N. Exaétly fo, becaufe it will move'
{o much fafter, as the circle it defcribes
is larger. Now obferve, I whirl it round
my head. What fhape is it now of ?

E. It is of the elliptical thape 2 b ¢ d.

N. Yes, for the tightnefs of the ftring
draws out the fide next my hand, from
A to a; and the centrifugal force of the
other {ide throws it out as far, from C
to ¢. And now, if an inflexible circu-
lar ring (like the rigid Earth) 4 B C D
. fhould lie upon the elliptical hoop a & ¢ 4,
and turn 29 times and an half round
the center E, in the time the hoop and
~ circle were moved once round my head ;
would not any point, as 4, of the cir-
cular ring, come fucceflively even with
the higheft parts 2 and ¢ of the elliptical
hoop, and with the loweft parts 4 and 4
of it; as the ifland 4 a (Fig. 1.) comes
to the high water at 2 and 5, and the
low water at ¢ and 4, by the Earth’s
motion on 1its axis?

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

O3 N. It
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N. It is very much fo; and now is
the proper time to explain Fig. 3.

Let 4 B C D be the Earth, M the Moon,
0 o partof the Moon’s orbit,and G the com-
mon center of gravity between the Earth
and the Mocn, round which both thefe
bodies move, once a month; the Moon
in the diretion O o, and the Earth in
the direétion E h. By this motion, all
the parts of the Earth will have a cen-
trifugal force, or tendency to fly off in
or parallel-to the line ZE C: and the
centrifugal force of each part will be
direétly in proportion to its diftance from
the common center of gravity G; be-
caufe the fpaces through which thefe
parts move, will be refpectively as their
diftance from G; that is, as the femi-
diameters of thofe circles which they all
defcribe in the fame period of time.
Thus, the centrifugal force of the point
A will be as the line 4 G; the centri-
fugal force of the center E will be as
the line £ G ; and the centrifugal force
of the point C will be as the line C G:
for the point A4 defcribes the {fmall circle

. | Ae f

LeL s St B
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A4 e fg A in the time the point E de-
fcribes the larger circle E b : £ E, and in
the time the point € defcribes the ftill
larger circle € / m » C; which 1s 1n a
month ; and in chat time, the Moon gocs
round her orbit O o. ‘

The Moon’s atrraétion at the Earth’s cen-
ter I exactly balances the Earth’s centri-
fugal forceat E; and confequently retains
the center E 1n the orbit E bz ¢ E. But
her attraction at 4 is greater than at E,
and lefs at € than-at E. So that where
the Moon’s attraction is greateft, as at 4,
the centrifugal force is leait ; and there-
fore, the excefs of attraction caufeth the
waters to rife, as from A to g, on the fide
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 attradtion is leaft, and the centri-
fugal 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 oppofite fide from A
to a by the excefs of the Moon’s attrac-

tion. Are you fatisfied now, Eudsfia.
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" E. 1 was fadly afraid, that the rifing
of the tides on the fide of the Earth
which (at any time, by its motion on its
axis) is turned away from the Moon,
~would be very diflicult to account for.
But you have made it juft as plain, that
they mutft rife as high on the fide of the
Farth which is oppofite to the Moon, as
they do on the fide which is under the
Moon. Did you ever fee this confirmed
by any experiment?

N. Yes; I have feen Mr. Fergufon do
it, to the fatisfaction of every obferver,
by a plain experiment in one of his
machines, catled the #hirling Table ; and
he is theirft that ever did fo. He has
given a full account of it in his Lectures
on Mechanics, Hydroflatics, Puneumatics, Optics,
with the ufe of the Globes, and the Art of
Dialing. 1In that book, there are plates
of all his machines for the above pur-
pofes.. I fhall {fend for it from Mr.
Cadell’s Thop to-morrow, and make you
a prefent of 1t, on account of the quick
progrels you have made in aftronomy :

and



Lapy’s ASTRONOMY. . 201

and then you can by yourfelf, learn a
courfe of experimental philofophy.

E. Indeed, brother, you lay me un-
der fo many obligations, that I fhall
never be able to make you any proper
return for them. But there isonething,
that I had almoft forgot to afk you.
' Pray, what is meant by the /pring and
neap tides? |

N. The Earth is {fo fmall, in com-
parifon of its diftance from the Sun,
that the Sun’s attractive force is nearly
equal on all parts of the Earth: and
therefore, there can be but little dif-
ference between the centrifugal forceon
the fide of it which is next the Sun, and
the centrifugal force.on the oppofite fide.
But {till there is fome difference, as the
Earth moves on in its orbit. And there-
fore, if the Farth had no Moon toattend
~ it, there would be fmall tides occafioned
by the Sun. Confequently, 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 altions

concur; and fo, raife the tides higher
: 7 s
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at thef¢ times than at any other: and
thofe are called the Spring Tides. But,
when the Moon is in her quarters, her
attion on the tides is crofi-wife to the
Sun’s ; for then the Sun is in a line with
the lw-water, and his action keeps the
tides from falling fo low there, and con-
fequently from rifing {fo high under and
oppofite to the Moon, as they would do
by the action of the Moon, if the Sun
did not difturb them at all; and thefe
are called the neap Tides.

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

N. You are a little miftaken in that
point, Eudofia; which may be owing o
its being fo reprefented in the figures.
But, I am f{ure you would not have been
{o, if you had remembered what I told
you in our firft Dialogue; namely, that
all bodies which are put into a ftate of

motion will perfevere in that motion,
till
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till fomething ftops their courfe. If you
put water into a bafon, and give it alittle
fhake, and then fertle the bafon fudden-
ly; the water will rife a little further,
on the fide to which you gave it the mo-
tion, after the bafon is fettled again,
than it did in the inftant when you fet-
tled it. Pray, have you forgot your fall
in the boat, when it firuck againft the
bank of the river?

E. I have not, brother; and the in-
ference is plain.

N. It is: and therefore you know,
that when the waters are put intoa rifing
ftate of motion by the aétion 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 the was directly over head.
But you are ftill to confider farther,
that although the Moon’s attraction at
any place is greateft when fhe is on the
meridian of that place, becaufe fhe is
then the neareft that the can be to the
place on that day; yet her attraction at
the place does not then ceafe, but con-

tinues
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DIALOGUE IX

On the fixed STARS, and SOLAR and
SYDEREAL TIME.

Nmndfr.

-

HAT 1is the matter, fifter }=Sure-

ly you could not have gone to

your room and returned, fince you left
me.

Eudofia. 1 had fcarce gone out of this
room, when fomething came into my
mind, which was, that you promifed
me, fome days ago, to demonftrate that
all the Stars are at reft. And left I
fhould forget it again, I now beg leave
to remind you of it, if you have leifure

at prefent.

N. For
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N. For that, 1 refer you to Fergufon's
aftronomy: and, before you have read
the firft three chapters, you will not only
be convinced that all the Stars are atreft ;
but alfo that they are Suns to innume-
rable fyftems of planetary worlds, as our
Sun is to its own {yftem of planets.

E. What? other Suns, and planetary
worlds belonging to them ! You amaze
me !

N. The Deity is infinite in all his per-
fetions: and as he has power enough

~to create and place. Suns and worlds

throughour the whole infinitude of {pace,
fo he has goodnefs enough 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 difference between So/ar and
Sydereal time.

E. You {peak too learnedly for me juft
now, brother; and itis the firft time you
ever did {o.

N. Solar time is the time meafured

by the Sun’s apparent motion round the
Earth; and Svdereal ume is the time

meafured
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meafured by the Stars in their apparent
motion round it.

E. Now I underftand you: and have
-often obferved, that if any Star be feen,
juft as if it were over a neighbouring
chimney, at any hour in the night; in
a week afterward, the fame Star is fooner
{een over the fame chnnne}r _

N. True: and in 365 days, the ﬂars
feem to have made 366 revolutions
about the Earth; {o that they gain.one
hour every 24th part of the year upon
the time thewn by a well regulated clock.
And therefore, every Star comes almoft
four minutes fooner tc the meridian,
_every f{ucceeding day or night, than it
did on the day or night before. The
real difference is 3 minutes 535 feconds
and 54 fixtieth parts of a fecond. So
that, if one clock thould be fo well re-
gulated as to {hew the time to be XII at
noon thisday, and on the 365th day after-
ward ; and another clock thould be fo re-
gulated as tothew the time to be X1l every
day or night when any given Star is on
the meridian; the latter clock would gain

3 minutes
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3 minutes 5§ feconds and 54 fixticth
parts of a fecond upon the former, in
each revolution of the fame Star to the
meridian.

E. What is the reafon of #his ?

N. Much the {fame as that of the
Moon’s going round her orbit in lefs
time than fhe goes round from change
to change, or from between the Earth
and the Sun to the fame pofition again:

as I explained to you, by Fig. 1. of
PLATE V. lat Monday morning, in

our Seventh Dialogue: And we may
make the fame figure do for the prefent
fubjec. 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 1go millions of
miles in diameter, which would fill the
Earth’s orbit, would appear no bigger
than a dimenfionlefs point, if it were
feen from any of the Stars: and the
prefent fubje& will prove this to be true.

E. 1 am far from doubting the truth
B of
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of your word ; but I thould be very glad
to {ee the demonftration.

N. Then, here 1t is. Let the Earth
be in what part of its orbit it will, we
always find the interval of time (by the
beft clocks that are made) between any
Star’s revolving from the meridian to
the meridian again, to be equal through-
out the whole year: which it could not
be, if the Earth’s changing its place, by
a whole diameter of its orbit, bore any
{fenfible proportion to the diftance of the
Stars. For then, if the hour and minute-
hands of a clock thould revolve exaltly
366 times from XII to XII again (there
being {uppofed to be 24 hours on the
dial-plate) in the time of the Star’s
making 366 revolutions from the me-
ridian to the meridian again; and the
hands be fet to the uppermoft XII, when
any given Star is on the meridian on the
21t of December; then, ‘on the 20th
of March afterward, when the hands
were at the fame XII as before, the {fame

Star would be a little on the Eaft fide of
' the
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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 Wetft fide of the meridian, when the
hands were at XII on the 23d of Sep-
tember: but we never find any fuch dif-
ference.

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

N. Then, you are convinced, that
when the meridian of any place has re-
volved from any Star to the fame Star
again, the Earth has turned a/o/utely once
round its axis; becaufe the fame me-
ridian has revolved {o, as to be again
parallel to any fixed plane, to which it
was parallel before, when the fame Star
was upon it. :

b, Lam.

N. Very well, fifter:—now, in Fig. I.
of PLATE V. let S be the Sun, 4BCDE
F G one half of the Farth’s orbit; let the
circle 4 z k£ I k be the Earth (at the top of
the figure) and 2 » the meridian of Lon-
don, which we fhall fuppofe to be at 4.

Let the ftraight line 4 5 § be produced

P 3 onward,
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onward, to five or fix miles beyond
the Sun’ 8§, as feen from:bh; and let.a
Star be placed at the farthermoft end of
that line.—Then, the diftance of the Star
from the Sun will be {o great, that
the Farth’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 Earth at A, the Star
will appear as even with the line 4 A,
when the Earth has got a quarter round
its orbit from a to 4, and the meridian
d b parallel to the pofition it had at a A,
as when the Earth was at 2 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 4,
when that meridian has revolved to the
{fame parallel pofition again: which it
will always do in the time of the Earth’s
turning ebfolutely round its axis.

~ E. Undoubtedly it will.

N. Now, fuppofe the Earth to ad-
vance in its orbit from & to 4, in the
time that it turns once round 1its axis;
and then, the fame meridian & A will be

parallel
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parallel to the pofition it had at a b, when
the Sun and Star were doth even with it ;
or, as we fay, upon it.

Then it is plain, that when the Earth
1s at b, and the meridian 4 / has re-
volved from the Star to the Star again,
it muft revolve further on, from 4 to m
before it can go round from the Sun to
the Sun again at §. And the arc, or
part b m, of the Earth’s circumference
bears the fame proportion to the Earth’s
whole circumference, that the arc, or
part 2 b, of the circumference of the
EFarth’s orbit bears to s whole circum-
ference.

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

When the Farth 1is at 4, a quarter
round its orbit from «, and the meridian
d b i1s even with the Star; the meridian
will want f{ix hours of being even with
the Sun in the right line d ¢ S, and the

¥ 3 place

3
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place » muft revolve 6 b ours, or through

the arc b o of go degrees, before the Sun
can be on its meridian 4 A.

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

And laftly, when the Earth has gone
quite round its orbit, its rotation on its
axis will have brought the fame meri-
‘dian once more round from the Star to
the Star again, than from the Sun to the
Gun again.—So that, let the year contain
how many days it will, as meafured by
the apparent 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.

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

motion
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motion 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 {olar hours. And therefore,
to make the year contain 365 folar days
and nights, the Earth muft turn 366
times round its axis.

V. You areright, Eudofia.—Now go to
your aftronomical tables and precepts;
and try whether you can calculate the
time of new Moon in July 1748 old ftile.
—If you find any difliculty, come and
tell me of it.

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

again,

Pa DIALOGUE
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ool e el

DLAL Oasll E-X:

On the ProjecTION of SOLAR ECLIP-
SES: to which, ANsWERS #o fome ASTRo-
NoMICAL QUESTIONS are fubjoined.

Neander.

“7 EL L Gfter; you kept quite
. alone, all the time yefterday
after you left me: and as you did not
return this morning before breakfaft, as
wfual, I {fent to enquiré 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 dif-
turbing you; as you took no notice of
her when {he came into your room.

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

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

E. After looking a litte at Fergufon’s
tables for calculating 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 19th chapter
of his book, in which I not only found
thefe terms explained to my fatisfaction ;
but alfo the principles on which the tables
are conftructed : and, on account of what
you have already told me about the at-
tra¢tions of the Sun, Moon, and Earth,
I think I underftand the principles tole-
rably well.

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

E. Having read the precepts, and com-
pared them with the tables and examples

of calculation, 1 then tried to calculate the
true times of {fome new and full moons

which
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which are exemplified in the precepts ;
and finding my calculations to agree
very nearly with Fergufon’s examples, I
tried to calculate the true time of new
Moon in July 1748, old flile, as you
defired me; of which Mr. Fergufon has
given no example.—And finding that
the Sun muft have been eclipfed at the
time of that new Moon, [ even attempted
to take out the elements for projeting

that eclipfe.

N. Then indeed, you muft have done
a great deal of work for the time you

have been about it.—Pray, thew me your
calculations.

E. I am almoft afraid to do it *—but,
here they are.

day b, m, - 5,

¥. The apparent time of new Moon at Greenwich, July 14 11 15 3
in the Forenoon

. The femi-diameter of the Earth’s difc at that time, asfeen © ! ¥

from the Moon - - - O a4

. The angle of the Moon’s vifible path with the ecliptic = ¢ 35 o

23

3_. The Moon's latitude, Marth defeending - = o 6
5. The Moon's horary motion from the Sun - - O 29 ¥
6. The Sun’s diftance from the neareit lolftice - - 23 42 4O
= The Sun’s declination, North - - - 19 35 2t
8. The Sun’s diftance at noon from the vertex of Londen - 31 54 39
9. The Sun’s {emidiameter - - - o 15 5o
19. The Moon"s femidiameter - - - o 14 53
11. The [emidiameter of the Penumbra - - o 3043

I calculated
the

N, Well done, Eudofia.
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the fame elements before I gave you the
baok ; and now we will compare the
calculations together.—All right ;—for,
do vou 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, in-
deed.—Bur, upon reading the method of
proje€ting eclipfes, I often find mention
made of a Seéfor: which I take to be a
mathematical inflrument; and, as you
know that I am entirely unacquainted
with any of thefe inflruments, I am
afraid 1 can proceed no farther, unlefs
¥vou will thew me a Seftor, and teach
me how to ufe it.

N. It is true, that by means of a
Sector, thefe kinds of projections may
be much {fooner made than without it—
But, as I know you are yet totally un-
acquainted with mathematical inftru-
ments, [ will now fhew you how to pro-
jec an eclipfe of the Sun, only by means
of a pair of compafles and a common
ruler : And then, you will be at no lofs

about
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about projec¢tingany eclipfe of the Moon ;
which is much eafier to be done than
to projet an eclipfe of the Sun.—I will
firft tell you fome things, by which you
- will underftand the reafon why all the
different parts of the conftruction of a
folar eclipfe muft be as we lay them
down ; and then proceed to conftruct the
Sun’s eclipfe which fell on the 14th of
July 1748, as 1t appeared at London.
You know, it 1s 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 yourfelf about a foot from the
glafs ; and, keeping your head fteady,
you delineated a landfkip on the glafs,
with your black lead pencil, of all the
diftant objeéts 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 objefts themf{felves.

E. T have often done {o: then drawn
them with ink (which the gum water
caufes to ftick) and then laid a paper

over
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over them on the glafs, and traced them
thereon with the black lead pencil.

N. Now, {uppofe the Equator to be a
vifible circle on the Earth, and that a
circle 1s drawn through any place (as
{fuppofe London) parallel to the Equator:
that the Earth had an axis put through
it, projecting. 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 thefe things would be
vifible to an obferver at the Sun; and
fuppofe yourfelf to be there, holding a
pane of glafs betwecen you and the
Earth, and 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
weft to eaft, the places on its furface
would appear to you to move as from
your left hand toward your right; and

4 you
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you would fee London as moving over
the Earth in the circle which is drawn
through it, parallel to the Equator. And,
when the Moon is new, and eclipfeth
the fun from any part of the Earth, you
would {ee 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 partial fhadow,
all around her (as it were) like a dark
brownifh ring, travelling with her over
the Earth.

As the Sun thines round the North
pole of the Earth, from the 20th of
March to the 23d of September, you
would fee zhat 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 fame pole
would be hid from your eye-fight, be-
‘hind the vifible and illuminated difc of
‘the Earth ; becaufe it is' in the dark all
that time. {

L
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¥f a ftraight walking ftick be placed
at a diftance from you, and inclining
either direély toward you or from you,
it will appear to you to beupright: bus,
if it inclines either toward your right
or left hand, you will perceive it to de
{o. Therefore, when the Earth’s axis
inclines either directly toward you ot
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 co-
incide with the axis of that plane. But,
when the Earth’s axis inclines more or
lefs fidewife to the Sun, the northern
half of it will appear to you to incline
from the axis of the eclipric, toward
your right or lefc hand ; and the fouthern
half to incline the contrary way' from
the axis of the ecliptic: for then, thefe
two axes will {cem to crofs each other in
the middle point of the Earth’s axis.

‘Now, as the Earth’s axis really in=
clines 237 degrees from a perpendicular
to the plane of. the Earth’s orbit, and
always keeps inclining to one and che
fame fide of the Heavens, in the Earth’s

whole
g
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whole courfe round the Sun; it will ap-
pear 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 toward
your right hand from the axis of the
ecliptic, and at other times toward your
left hand from the axis of the ecliptic;
conftantly varying the apparent angle of
its inclination, according to the time of
the year.

From the 21ft of December to the
o1t of June, the North pole of the
Earth’s axis lies toward the right hand
from the axis of the eciiptic, as feen
from the Sun; and moft of all {fo on
the goth 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 wifh 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
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N. You may depend upon it that I
will ; efpecially as they are the very
principles on which we are now about
to conftruct an eclipfe of the Sun: which
is, in the firft place, by delineating a
figure of the Earth, with its axis, Equa-
tor, &¢, 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 a fcale, as y A C (PLATE VIL
" Fig. 1.) almoft half the length of the
paper intended for your projeétion, and
divide it into 6o equal parts at leaft,
reckoning each part to be one minute,
or a fixtieth part of a degree.——Then,
take the femidiameter of the Earth’s.
difc, 53 minutes g2 feconds, (or 53:)
from the {cale, in your compafles; and
with that extent, {et one foot in the end
C of the fcale, as a center; and with
the other foot defcribe the femicircle
A D B, for the circumference of the

northern-half of the Earth’s illuminated

iy - difg
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difc or furface, becaufe we live on the
North fide of the Equator: and continue
the Yine y 4 C on to B; {o 4 C B fhall
be a portion of the Ecliptic equal to the
diameter of the Earth as {een from the
Sun or Moon at that time.

From the center C, raife the line C D

H, perpendicular to 4 C B ; and call the
line C D H the axis of the ecliptic.
" Divide the quadrants 4 D and D B
each into 9o equal parts for degrees, be-
ginning at D. Then conne& the points
E and G (which are 23+ degrees on each
fide of D) with the ftraight line E F G;
in which line, the North vole P of the
Earth’s difc will always be found.

~ Set one foot of the compafles in the
point F, where the line E F G interfelts
the axis of the Ecliptic C D H; and, hav+
ing extended the other foot from F to E,
or from F to G, defcribe the {emicircle
E I G, and divide its quadrant H E into
0o equal parts for degrees, becaufe the

Earth’s axis lies to the left hand from
~ the axis of the Ecliptic, as feen from the
Sun in the month July.—If the Earth’s

axX1$
i
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axis had lain to the right hand from the
axis of the Ecliptie, the quadrant # G
mutft have been divided into go degrees,
and not the quadrant H E.

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 fum-
mer) folftice, which is the firft point of
Cancer, on the noon of the 14th July
1748, draw the right line 7 P, parallel

to A D, from 32% degrees of the qua-

drant A E till it meets the line E F G
at P : then, from P to C, draw the right
line P C; {fo P C thall 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 Lon-
don (or the vertex of London) than the
Equator i1s; {ubtract his declination,
19 degrees 35 minutes (negleting the
91 feconds) from the Latitude of Lon=
don, 51 degrees 30 minutes, and the
remainder will be 31 degrees 55 minurtes

Q 3 for
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for the Sun's diftance from the vertex of
London on the noon of July the 14th.

From the point % (in the right h:md
fide of the femicircle 4 D B) at 31 de-
grees §5 minutes counted upward from
B draw the right line % /, parallel to
C D : and taking the extent £/ in your
compafies, fet it from C to XII on the
Earth’s axis C P. So, 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 the 14th
of July 1748.

Add the Sun’s declination, 19"’. 3 5’, to
the Latitude of London 51° 30, and. the
{um will be 71 degrees 5 minutes, for
the Sun’s diftance from the vertex of
London on the 14th of July at midnight.
Therefore, e

From 71° 5, counted upward in the
right hand fide of the femicircle 4 D B
from B to m, draw the right line » »
parallel to € D. Then, taking the ex-
tent z z in your compalfles, fet it from
C towards or beyond P on the Earth’s
axis C P, as it happens to reach thort of

P or
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P or beyond it: but in the prefent cafe,
it reaches 1o little above P, that we may
reckon C P to be its whole extent: and
fo, the point P fhall reprefent the place
or fituation of London at midnight, be-
yond the illuminated part of the Earth’s
difc, as feen from the Sun; and confe-
quently in the dark part thereof.

Divide the part of the Earth’s axis
between XII and P into two equal parts,
XII K and P K: then, through the point

K, draw the right line VI & VI perpen-
dicular to the Earth’s axis C XII K P.

Subtract the Latitude of London, 51°
30, from ¢o° oo ; and there will re-
main 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, having taken its
length in your compafles, fet off that
length both ways from K in the Earth’s
axis to VI and VI, in the line VI £ 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

Q 3 tume
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time of Sun-rife till the time of Sun-fet
at London ; proceed as follows.

"The compafles being opened from K
to VI, {et one foot in A&, and with the
other foot defcribe the femicircle VI 7
891031 12 1 .8 34 5 VI, and di-
vide it into twelve equal parts, Then,
from the divifion-points (7 8 9, &c.)
draw the right lines 74, 84, g¢, 104. &c,
all parallel to the Earth’s axis C P, as in
the figure,

Set one foot of the compaffes in K
and with the other foot defcribe the fe-
micircle P L XII, and divide its quadrant
XII L into fix equal parts, as at the points
I, 2, 2, 4, 5; 6; becaufe the Sun is ‘an
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 Z, draw the right lines
XI 11, X o1, IX 4" N1 TV, 9nd
VII 5 V, all parallel to the right line
VI K VI; and, through the points
where thefe lines meet the former pa-

rallel
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rallel lines';: a, 86, g¢, 10 d, &c. draw
the elliptical curve VI VII VIII IX X XI
XII III III IV V VI; which may be
done by hand, from point to point; and
fet the hour-letters to thofe points where
the right lines meet in the curve, as in
the figure. This curve fhall reprefent
the parallel of Latitude of London, or,
the path which London (by the Earth’s
motion on its axis) appears to defcribe
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, VIIL, 1X, &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 bad been as far South
as it was North, the dotted curve VI P M
VI would have been the path of Lon-
don ; 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 continuing the lines 7a, 85, 9¢,&c. till
they met the forefaid parallel linesdrawn

Q 4 through
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through the divifion-points of the qua-
drant P L.—The points p and G, where
the elliptical curve touch the circumfe-
rence of the difc, denote the inftants of
the Sun’s rifing and {etting at London:
for, when London is at p, it will be juit
entering into the enlightened part of
the Farth ; and going into the dark, when
it is at G. '

From the point M, viz. § degrees 35
minutes to the right hand of the axis
of the Ecliptic € D, draw the right line
M C for the axis of the Moon’s orbit, as
{feen from the Sun, becaufe the Moon’s
Latitude is North defcending, on the 14th
of July 1748.—If her Latitude had been
North afcending, the axis of her orbit
muft have been drawn 5 degrees 35 mi-
nutes on the left hand fide of the axis of
the Ecliptic.

Take the Moon’s Latitude, 28 6,
from C to s, with your compafles, in the
{cale 4 C, and fet that extent from Cto
q on the axis (CD) of the Ecliptic,--Then,
through the point ¢, draw the right
ling N ¢ O t, perpendicular to the axis of

the
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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 repre-
{fent as much of the Moon’s orbit, feen
from the Sun, as fhe moves through,
during the time that her thadow or pe-
numbra 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 extent: 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 g feconds after XI o'clock,
take 15 minutes (negleéting the three
feconds) from A4 to a on the line 4 B in
your compafles, and fet them off, in
Fzg 1. from the middle point between ¢
and z, 1n the right line N¢z 0, to XI
in that line; becaufe the tabular time
of new Moon i1s mid-way between the
point ¢, where the axis C D of the Eclip-
tic and the axis € M of the Moon’s orbit

7 cuts
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cuts the line or path of the penumbra’s
center on the Earth.

- Take the whole length of the line
A B (Fig. 2.) in your compafles; and,
with that extent, make marks along the
line 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 horary minutes, which
“fhall thew the points of the Earth’s difc
where the center of the penumbra falls,
at every hour and minute, during its
tranfit over the Earth,

Apply one fide of a fquare to the line
of the penumbra’s path N0, and move
the {quare forward or backward tll the
other fide cuts the fame hour and
minute, as at s and », both in the path
of the penumbra’s center and the path
of London: and the munute, which the
fquare cuts at the fame inftant in both
thefe paths, is the nflant of the vifible
“conjunétion of the Sun and Moon at
London ; and confequently, of the
greateft obfcuration of the Sun by the

Moon ;
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Moon ; which, according to the projec-
tion, is at 30 minutes paft X o’clock in
the morning.

Take the Sun’s {femidiameter, 15" 50~
in your compafles from the {cale; and
fetting one foot at » as a center, in the
path of London ; with the other foot de-
{cribe the circle R S for the Sun, as {een
from London at the time of greateflt ob-
{fcuration. Then, take the Moon’s femi-
diameter, 14 53", in your compafles
from the {cale; 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 obicures
~moft of all of the Sun, during the
eclipfe: which may be meafured by a
diameter line z s » x drawn acrofs the
Sun through the points s and », and
divided into 12 equal parts for digits of
the Sun’s diameter: of which, according
to the prefent projetion, there are g
digits eclipfed.

Take the femidiameter of the pe-
numbra, 30, 43", from the {cale in your
compafles ; and fetting one foot in the

path
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path of the penumbra’s center, direct
the other foot to the path of London
among the morning hours at the left
hand ; and carry that extent backwards
and forwards, till both the points of
the compafles fall into the fame inftant
in both the paths; which inftant wnll
denote the time when the eclipfe began
at London. Then, do the like among
the afternoon hours; and where the
points of the compafles fall into the
fame inftants in both the paths, they
will thew at what time the eclipfe ended
at London.—Thefe trials thew that the -
beginning of the eclipfe was juft at IX
o'clock in the morning, and its ending
at 7 minutes after XII o’clock at noon ;
as the 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 Lon-
don, to 7 minutes after XII in the path
of the penumbra’s center.——Thus, we
have, at laft, finithed the projection, and
found what was wanted to be known

from 1t.
E. The
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E. The whole procefs is very plea-
fant, but, I think, it is fomewhat tedi-
ous. |

N. That is, becaufe we have been ob-
liged to divide the femicircle 4 D B and
the quadrant E A with a pair of com-
pafles.—If the Sector had been ufed, the
labour would have been much thortened,
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 Sector.

N. Twill fend to my mathematical in=
ftrument-maker, Mr. Bennet, in Crown>=
Court, near St. Ann’s Churr.jh, Soho, for
a compleat cafe of mathematical inftru-
ments ; and will make you a prefent of
1t, and inftru¢t you how to ufe them
before I leave this place. In the mean
“time, 1 will afk you a few queftions re-
lative to the fubjects we have been up--
on: and, if you can anfwer them cle-
verly, I fhall not fcruple to tell you,

that
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that you have made a very extraordinary
progrefs.

E. I thank you, Sir, for your intend-
ed prefent and future inftructions: and
will an{wer your queftions as well as I
can ™

N. What would be the confequence,
if the Earth were fixed in any point of
its orbit, fo as to have no progrefiive
motion therein; and to turn round its
axis with its prefent velocity, having its
axis perpendicular to the plane of the
.F.Chptu: :

. The folar, or natura! day would
be of the fame length with the fydereal
day; which is equal to 23 hours 36
minutes 4 {feconds of the time now mea-
fured by a well regulated clock. The
Sun would conftantly appear to revolve
in the Equator, days and nights would
always be of an equal length at all
places, either near the poles or far from

- them,

® The fubjet of what is here put down, by way of queftion
and anfwer, was given by the author fome time ago to a gentle-

man who has fince publifhed it, not without the author’s
leave, at the end of a printed book.
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them. And confequently, there would
be no different {eafons.

N. What would be the confequence,
if the Moon’s diftance from the Earth
was fuch, as that the thould 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 w:th
her prefent velocity ?

E. The Moon would always revolve
in the plane of the Equator; and (fup~
pofing the Earth had no progreffive -mo-
tion in its orbit) the Moon would go
round from change to change in the
time fhe now goes round her orbit,
which 1is, in 27 days 7 hours 43
minutes § 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 thadow paffed, which would be
dire¢tly along the Equator. The eclipfes
would be only partial on different fides
of the Equator, and never vifible at

more
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more than 2350 miles from it. The

Moon would be totally eclipfed in the
Earth’s fhadow at every time fhe was

full ; and the durations of all her eclipfes

would be equal.

N. What would be the confequence,
if the Moon’s orbit acquired an ellipti-
cal form, fuch as it is now of: that it
continued in the plane of the Ecliptic,
and the Earth had no progrefiive mo-
tion, 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 thadow,
when the Moon is new, would always
pafs along the Equator. 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
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at thefe pliaces on the Equator where the
Mocn were directly 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 Equa-
tor, for about four minutes of time:
But if they fell in either of the two
parts of the Mocon’s orbit, which are ata
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 con-
tinuance, 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 there-
to: that the Moon thould revolve as above,
with her prefent velocity ; and that her
orbit fhould remain always in the plane
of the Ecliptic?

E. In that cafe, the days and nights
would always continue (as above) of

R equal
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equal length; only the 24 folar hours
would be 3 minutes 56 feconds longer
than the 24 fydereal hours, as thev 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 the now does. The Sun would be
eclipfed (as above) at every change, and
the Moon at every full; and all the
Sun’s eclipfes would be central only at
the Equator ; but they would fometimes
be total there for four minutes, {fome=~
times 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 circumitances, re-
lating to the Earth’s progreflive motion
in its orbit, and the Moon’s motion in
her orbit; what would be the confe-
quence if the Earth’s axis fhould  be-
come inclined to the Ecliptic, as it now

15 3
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is; and the Earth turn round its axlg
with 1its prefent velocity ? -

“'E. We fhould have all the variety
of {eafons we now enjoy. The times
betweéen 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 cen:-
tral eclipfes would not fall always at the
Equator, but fometimes on one fide of
it, and fometimes on the other; that is;
between the Equator and that pole of the
Farth which was inclining toward the
Sun at the time of the echpfe Trj our
Spring, the cénter of the Moon’s ﬂmdmv
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 Equator
again, where it would leave the Earth.
In our autumn, the center of the Moon’s
thadow would go obliquely over the
Earth, from the northern tropic to the

fouthern :——and, in winter; it would
R 2 take



244 'The Youne GenTLEMAN and

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 Farth. And, in cach
of thefe four cafes, the Sun’s eclipfes
would be central to all the parts of the
Earth over which the center of the
Moon’s thadow pafied ; fometimes total
only for an inftant, fometimes total for
four minutes, and at other times only
annular.——The eclipfes of the Moon
would be as above. |

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

E. Then, the Sun would never be
eclipfed at miore than 17 degrees from
either of the nodes, at the time of any
new Moon whatever; nor would the
Moon be eclipfed at more than 12 de-
‘grees from either of the nodes at any
‘time whartever of being full. So that

we
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we thould have but few eclipfes (as is
now the cafe) in comparifon of the num-
ber of our new and full Moons. And
the eclipfes would be confined to the
fame feafons of the year; for there
would be half a year between thofe
which happened about one node and
about the other, becaufe there would be

juft half a year between the conjunctions

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: Whar would be the confe-
quence if thefe points acquired a direct
or forward motion in the Moon’s orbit,
and her nodes a backward or retrograde
motion; as they now have?

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

N. Well done, Eudofia '——You: have

anfwered all my queftions to my mind:
R 3 which
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which you could not poffibly have done,
unlefs you had very well remembered
the fubjeéts we have been upon; in all
' our Ten Dialogues. This, I think, may
be our laft on Aftronomy ; becaufe your
applying to beoks will fuperfede all ne-
ceflity of our having any more.

E. But I'am extremely forry, brother,’
to have heard yefterday, that you are to
fet out for Italy in a few days, which
is much fooner than was expected. I.
“thall mifs you fadly ;—and as you will
probably be gone before I can read Fer-.
gufor’s Aftronomy quite through; I {thould
be glad to know whether you would
have me to read any other book upon,
the like fubject afterward,

N. By all means. Here is Doctor
Long’s Aftronomy :—take it and keep it 3
for it will afford you a great deal of en-
tertaining and pleafing knowledge, efpe-
cially in the hiftorical part,—You may
{kip over thofe parts which are geome-
trical, as I thall not now have time to
inftruct you in that branch of {cience.
Tis true, the volume is large; but I

| will







A LIST of the APPARATUS on which
Mr. FercusoN reads bis Courfe of Twelve Lec-
tures on Mechanics, Hydroftatics, Hydraulics, Pneu-
matics, Electricity, Dialing, and Aftronomy.

(The numbers relate [to the Lectures read on the Ma-
chinery, to which they are prefixed.)

+3 L
IMPLE machines for demonftrating the
powers of the Lever, the Wheel and Axle,
the Inclined Plane, the Pullies, the Wedge, and
the Screw.

A compound Engine, in which all thefe Powers
work together.

A working model of the great Crane at Briffol,
which is reckoned to be the beft Crane in Europe,

A working model of a Crane that has four dif-
ferent powers, to be adapted to the different
weights intended to be railed : invented by Mr,
Fergufon.

A Pyrometer that makes the expanfion of me-
tals by heat vifible to the ninety thoufandth part
of an inch.

I

Simple machines for thewing the center of gra-
vity of bodies, and how much a tower may in-
cline without danger of falling,

A double Cone that feemingly rolls up-hill of
itfelf, whilft it is actually defcending,

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

Models of wheel-carriages ; fome with broad
wheels, others with parrow; fome with large
wheels, others with {mall : for proving experimen-
tally which fort is the beft.

A machine for fhewing what degree of power

is fufficient to draw a loaded cart or waggon up-
kill ;

|
|
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hill; when the quantity of weight to be drawn up
and the angle of the hll’s height, are known.

A model of a moit curious Silk-reel, invented by
Mr. Verrier neatr Wrington in Somerfetfhire.

A large working model of a water-mill for fawe
ing timber.

A model of a hand-mill for grinding corn,

A model of a water-mill, for winnowing and
grinding corn, drawing up the facks, and boulting
the flour.

A machine for demonftrating that the power of
the wind on wind-mill fails, is as the {quare of the
velocity of the wind.

A working model of the Engine by which the
piles were driven, for a foundation to the piers of
Weftminfter-Bridge.

II.

A machine for fhewing that Fluids weigh as
much in their own Elements, as they do in Air.

A machine for thewing that, on equal bottoms,
the preflure of fluids is in proportion to their per-
pendicular heights, be their quantities ever {o great
or ever {fo {mall. :

Machine for thewing that fluids prefs equally in
all manner of dire€tions.

A machine for thewing how an ounce of waterin
a tube may be made to raife fixteen pound weight
of lead.

A machine for fhewing, that, at equal heights,
the fmalleft quantity of water will balance the
greateft quantity whatever, if the columns join at
bottom.

A machine for fhewing how folid lead may be
made to {wim in water, and the lighteft wood to
fink therein.

Machines for demonftrating the Hydroftatical
Paradox. j

A ma-
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A machine for demonftrating that the quantity
of water difplaced by a thip is equal to the whole
weight of the thip and cargo. |

Machines for fhewing the working of Syphons,
and the Tantalus’ cup.

A large machine for thewing the caufe and phe-
nomena of ebbing and flowing wells, and of inter-
mitting and reciprocating {prings. |

IV. Lo 413
~ Machines for thewing, that when folid bodies
are immerfed and {ufpended in fluids, the folid
lofes as much of its weight as its bulk of the Auid
weighs ; and that the weight loft by the folid is
imparted to the fluid. e

A hydroftatic balance, for fhewing the fpecific
gravities of bodies, and detecting counterfeit gold
or filver.

A working model of Archimedes’s {piral pump.

Glafs models for thewing the ftructure and ope-

rations of fucking, forcing, and lifting pumps.
A working model of a quadruple pump-mill;
for raifing water by means of water turning a
wheel.
- A working model of the Per/fian wheel for raifing
water : and one of Mr. Blakey’s Fire Engines, -
A working model of the Engine by which water
is raifed from the Hungarian mines.

A large model of the great Engine at London-
Bridge that goes by the Tides; and raifes water by
forcing pumps.

V, and VI.
An Air-pump with a great apparatis belonging
to it, for experiments fhewing the weight and
{pring of the air.
A wind-gun,
2 VIL
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VII. . : Enal,

An Elettrical machine with a large apparatus
for fhewing many experiments in Electricity.

A fimple machine, by which all the principles of
dialing are made evident to fight. 1

Several kinds of Sun dials.

A model of an aftronomical Clock, thewing the
apparent motions and times of rifing and fetting of
the Sun, Moon, and Stars; with the age and
phafes of the Moon, at all times.

Another model of a Clock for thewing the ap-
parent motions of the Sun and Stars, with the
times of their rifing and fetting, and the Equation
of tme.

Wil
A centripetal and centrifugal machine for ex-
plaining and demonftruting the laws by which the
planets move, and are retained in their orbitss
proving the' diurnal and annpual motions of the
Earth : and thewing why the tides rife equally high
at the fame time, on oppofite fides of the Earth.

IX, X, XI, XII,

A machine for fhewing the motions of the comets.

An Orrery, fhewing the real motions of the
planets round the Sun, and round their axes : the
apparent [tations, dirett and retrograde motions
of Mercury and Venus, as feen from the Earch ¢
the different lengths of days and nights, and all
the viciflitudes of feafons: the motions and various
phafes of the Moon ; the harvelt Moon ; the tides ;
the caufes, times, and returns of all the Kclipfes of
the Sun and Moon : the Lcliples of Jupiter’s fatel-
lites, and the phenothena ot Saturn’s ring.

In London, any number of perfons, not lefs
than twenty-five, who will fubfcribe one guinea

each,
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each, may have a courfe of twelve lectures read on
the above-mentioned machinery, provided they
ree to have at leaft three leCtures a week ; in
which, they may appoint the days and hours that
are moft convenient for themfelves. |
Within ten miles of Loondon, any number not lefs
than thirty, may have a courfe; each fubfcriber
paying one guinea. And,
- Within a hundred miles of London, any num-
ber of fubfcribers, not lefs than fixty, may have

a courfe ; each paying as above.
- Any where out of London, the fubfcribers are
to attend the leCtures every day of the week ex«

cept Sunday.

SLEE

—_—

Publifped by Mr. FER GU SON, befides rhefe
ASTRONOMICAL DIALOGUES.

I, EC T UR ES on Seleft Subjefts in Mechanics, Hydroffatics, Hydrau-
lics, Preumatics, and Optics; with the Ufe of the Globes, the Art of
Dialing, and the C:Icﬁlati%n of the mean Times of MNew and Full Moons,
and Eclipfes : Tlluftrated with 23 Copper-plates of the Author’s Machinery
and Diagrams. Price 145. bound, or 18 s, with the Jupplement. Quarto.

2. ASTRONOMY explained upon Sir ISAAC NEWTON's Frin-:ipfu
and made eafy to thole who have not fiudied Matbematics, To which is ad-
ded, the method of finding the Diftarices of the Planets from the Sun, by
the TRANSIT of VENUS over the Sun's Difc in the Year 1761, Thefe
Diftances deduced from that Tranfic ; and an aceaunt of Mr. HORROX's
Obfervations of the Tranfit in the Year 1659: Illuftrated with 18 Coppers

. plates, Price 185, bound. Quartn,

3. ASTRONOMICAL TABLES and Precepts for calculating the true
times of New and Full Moons and Ecliples. ‘To which is prefixed, a fhore
Theory of the Solar and Lunar Motions, Price 2s. 64,

4+ TABLES and TRACTS relative to feveral Arts and Sciences Price g,

g, An ANALYSIS of the whole Courfe of the above-mentioned Le&tures,
including thofe on Aftronomy : Being defigned for*a help to the Meméries
of the Subfcribers, after they have gone through the Courfe. Price 13,

6. An ASTRONOMICAL ROTULA, or INSTRUMENT, thewing
the Day of the Month, Change and Age of the Moon, the Places of the
Sun and Moon in the Ecliptic, and all the Eclipfes of the Sun and Mson
from 4. D. 1752 to 4. D. 1300, Price 55. 64d. :

y. A NEW ASTRONOMICAL INSTRUMENT, fhewing all the
above-mentioned Problems of the ROTULA, except the Ecliples; and, in-
ftead of them, the times of Rifing, Southing, and Setting of the Sun, Moon,
and Stars.  Price g4, 64d.

Se*. No 1, 2, 3, and 4 (above-mentioned) and alfo the ROTULA and
IN TRUMENT, are Sold by Mr. Cadell, Bockfeller, in the Strand, London,
No. 5, 6, and 7, ars alio oid by the Author, at his Le@ure-Room.















