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dormed, that the fixed star nearest to us, is at least
,400,000 times more distant than the sun. Each of
the fixed stars seems designed to communicate light

 heat to a certain number of opaque bodies, si-

approach so near, that their attractive pow.‘er flh(}::g
become equal to that of the sun, nay, greatly
LEe:gt:)lrttunately, ‘this never take.s place in our &Siyite}:;]é
and the planets always remain at such ‘a distan e
from each other, that their attractive powelj'? is e&z@s ;
incomparably smaller t}lan that gf the sun. i Oliatl;s
reason, without extending our views he?yon  w. wat 18
thus certainly known, we may consider every pd x
as attracied only by the power of the 51’11?},1 anho“z :
that it is easy to deteymine its moiion. B is, v
ever, can take place only when we are c1sg_)o.scaif b |
rest satisfied with a result near tl_le truth ; ?1 b e
wish to have more exact information, we milst ais o
to those feebler powers with .v_.'hlch the }‘)alnee act.
upon each other—powers which really pr ad ux:merS 4
Little irregnlarities clearly observed by flstminca eres.
and to the attaioment of the perfect Ln?w e tg,ono;
these, is directed all the sagacity of both as |
mers and geometricians.
15th September 1160,

ilar to our earth, and, undoubtedly, inhabited like-
se, placed near them, but which we cannot see, ‘on
count of their prodigions distance, ‘
Though it is impossible to ascertain this by actual
)servations, we must conclude it, from their ana-
. logy to the sun, who serves to warm and to illumi-
te the earth and the other planets, We know,
particularly, six of these bodies; they are not in a
state of rest, but each of them moves round the sun,
. 3p the direction of a curve ling, somewhat different
_Arom a circle, and which is called the planet’s orbit,
_The sun himself is nearly in a state of rest, as well
as all the fixed stars; the motion which they appear
o'have being entirely owing to that of the earth,
I'bave accordingly vepresented, on the annexed
'shieet, what is called the Solar System, which con-
‘tains all the opaque bodies that move round the sun,
-and derive from him all the benefits which he im-
“parts to us.  Fhis sign £ (PraTe IT, Fig, 4.) repre-
-sents the Sun at vest. You see, besides, the Efeven
“circles, representing the orbits described by the pla-
ets in their motion round him
That nearest to the smn is Mercury, marked by
fie sign ¢, and the little circle you see in the orbit
epresents the body of Mereury, who performs his
evolution round the sun in about 88 days.
~'Next coimes Venus, marked by ¢, who completes
Tevolution round the sun in seven monihs nearly.

Lerrer LIN,—Systea oF THE UNIVERSE.

; i hat 1 havel

~ order the more clearly to elucul.atew‘ i
bei;_z (s)uivil;ming respeciing the motion of th_e ht_aa !
venly bodies, and the powers which produpe g, ptelﬁ
mit me to present to you (Prars 1L szgt hc-';)hea.,
system of the universe, ora _descrlpr.mn a f
ies which compose it. ] 1
VBI%%?SS::E grst of all, observe, that the fixed stars

. 1 lnminous ‘The third cirele is the orbit of the Eapgh, marked
are bodigentirely similar to the su1’1, m:aat Jistamcd Y Ehg sign 3‘,‘and which completes ab-revolution
of themsglves; that they are at a very gr by futid the sun in a year. We have no gther mean-

from thatfiminary, and elso very dis.'tant ﬁ"?lm ea.(_:o ;
other; and that avery one of them Is, peil. a‘li)s,in
equal ’magnitude with the sun. You are alveady inr

g,. in truth, to the word year, but “the time em-
Ploy ¢d’by the earth in performing a revolution round
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the sun ; and the duration of the common year nearly
approaches fo this solar year.. )

But while the earth is moving round the sun,
there is another body moving round the earth, and
keeping the divection of its arbit; this is the Moon,
whose own cirele, or orbit, is marked by 3. .

The two first planets, Mercury and Venus, have |
no visible bodies which attend them; neither has -
Mars &, which is the fourth, and performs his revo- -

luiion in about two years.

The next circle is the orbit of Jupiter, marked by -

2, who performs his revolution in twelve years
nearly, Bound him move four satellites, represented
in the Plate, with their orbits, and marked by the
figures 1, 2, 3, 4.

The next circle is the ovbit of Safurn, marked
thus, h, who employs almost thirty years in per-

forming one revolution round the sun. This planet
is attended, in his course, by seven satellites, marked
by the figures 1, 2, 8, 4, 5, 6, 7. Thus, then, the
solar system consists of sig (now Eleven) primary

planets, Mereury %, Venys 2, the. Earth 5, Mars ¢, 1

Jupiter %, Satwrn B, and eighteen secondary pla-

nets or satellites, namely the Moon, the four attend-
ants of Jupiter, the seven of Saturn,® and the six of |

the Georgium Sidus.

This system contains, besides, several camets, the

number of which is unknown, -The figure on the
plate represents one of them, whose orbit differs
from that of the planets, hecause it is drawn out into

extreme length, so that a comet sometimes.approaches |

very near to the sun, and sometimes removes to such

+ We havg‘igglded in the figure the arbits of the new Flanets, discovered
since the time of Wuler, viz. Ceves, Pallas, Juns, end Vesta, whose or-,
bits are sitnated between thase of Mars ond Jupiter ; and the Georgiume !
The Inst of these!

Stdus, which is sitnated beyond the orbit of Saturn.
-planets is atjended with Siz Satellites.—TFo.

Tiet. 60. ©  sYSTEM OF THE UNIVERSE. 1t
anzimmense distance, as entively to disappear, Of
comets it has been remarked, that one finishes his
revolutions in his orbit, in about sixty years; this is
the one that was visible last year.* AS to the other
omets, it is certain, that they employ several centu-
Tes-in performing one revolution 1n their orbits ; and
8, 1n. past ages, 10 exact observations were made of
ﬂ.,l‘im: we are totally in the dark with respect to their
retirn, - Of these, then, consists the solar'system;

_ ?c%dg most probably, every fixed star has one similar
4 1 _ ' . .

= 1th September 1760, '

Lyrrer LX.—THE sAME SUBJECT CONTINUED. .

IN addition to what I have said respecting the
* solar system, I must communicate some observa-
~ Hons for the explanation of the figures. And, first
It must be remarked, that the lines which 1115;1{ thé
“paths in which the planets move, have na real exist. -
ce 10 the heavens, as the whole immensity of épaéé
; which they.move is a vacoum, or raiher filled
; vith that subtile matter which we call the Ether
-and which I bave already so often mentioned. ’
Again, the orbits of the planets ave not all in the
e _p]_m:;le, as the figure presents them: but if the
ﬁ_n, t Trhmh the ezzlrth describes round the sun is
Properly represented on the paper, we must imagine
'theg; orbits of the five other glénet’s to be ;f;,ll‘ltjl:l;g;ll;?
d; and partly depressed, with reference to it;
that the orbit of each planet bears upon it an oh-
ue direction, making an intersection with the pa-
tyonder a certain angle, which it is impossiblé to.
esent in a figure drawn upon a plane,

o __ comet has Iately been discovered, whi . . .
ithin the Planetary System in 1204 ﬂu};_iﬁi performs ‘fﬁ revolution

" 2
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_ fﬁgpg,dlspovers to us an incomparably greater num-
JBEY, . Lo
»If it {s meant to comprehend under the name of
';gga:ld“tl_le sun, with the planets and their satellites
- and.which derive heat and light from him, we shall
have as many worlds as there are fixed stays. Bat
‘_ng the term world, we understand the earth, with
dll the heavenly bodies, or all the beings which were
yeated -at once, it is clear that there can be but one
Horld,. to which we refer every thing that exists, It
lgIn this sense the term world is employed in philo-
:80phy, particularly in metaphysics ; it is in this sense
we szy, that there is but one world, the assemblage
f all greated beings, past, as well as present, and
future, whose existence is subject to general laws.
;; When, therefore, philosophers dispute, whether
ne wolrl.d is the best or not, they proceed on the
upposition of a plurality of warlds’; and some main-

Farther, the orbits of the planets ave not circles,
as the figure appears to indicate, but rather some-
what oval, one more, ancther less so; no one, how-
ever, recedes very considerably from the circulan
form. The orbit of Venus is almost a perfect civele;
- but those of the other planets are more or less exten-
ded lengthwise, so thai these planets are sometimes
nearer to the sun, sometimes farther off.

The orbits of Comets ave particularly distinguish-
able, being greatly extended in length, as I have re-
presented it in the figure. - As to the moon, and the
satellites of Jupiter and Saturn, their orbits, too, are
nearly cirenlar.

Neither must we conceive them as moving in one
and the same direction, as they appear on the plane
of the paper; for they do not remain in the same
place, but are themselves carried round the sun
along with' the primary planet to which they belong.
It is thus we must understand the lines represented
in the figure. Imagination must supply what it it

- impossible, on a plane surface, accurately to exhibit.

You are now enabled to comprehend with ease
what the late Mr. de Foutenelle meant to display, in
his book on the plurality of worlds. The earth, -
with its inhabitants, is sometimes denominated ;
world ; and every planet, nay, every one of the si
tellites, has an equal right to the same appellation—
being highly probable, that each of these hodies i
inhabited as well as the earth. -

There are twenty-nine worlds, then, in the sola‘
system alone. And every fixed star being a su

round which a certain number of planets perfor
their revolutions, and of which some have, undoub
edly, their satellites, we have an almost infinii
number -of worlds, similar to our earth, considerin
that the number of stars, perceptible to the nnassisi
ed eye, exceeds some thousands, and that the teles

hose which could have existed. They consider the
Deity as an architeet, who, intending to create this
orld, traced several different plans, of which Le
.:égglepted the best, or that in which the greatest per-
ifections were all combined, in the hichest degree
nd executed it in preference to all the others.
_But the great quantity of evil that prevails, and is
iffused over the surface of our globe, and which
ows f'rox:n th.e wickedness of man, suggests an im- -
?%g;;ant m%llurﬂ, namely, Whether it” would have
1Pe ossible  to create a wor 1
e tﬁese Dle X world Wuolly exempted
:s.-v,:g,.‘In_ my opinion, a distinction must be careful]
gmadef between the plans of a world which should
ontain corporeal substances only, and those of ano-
er world, which should contain beings intelligent
: {ad.,.f-r-ee. _In the former case, the choice of the hest’
iwould be . invalved in very little difficulty ; byt in

ain, that the one which exists, is the best of all -
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the other, where heings -intelligent and free (?oqsn.—
wte the principal part of the world, the determina-
tion of what is best is infinitely beyond our capaci-
ty; and even the wickedness of fiee agents may- :
contribute to-the perfection of tﬁe ‘Eorld In a nianner
i re unable to comprehend. :
‘Yhi?;g’flgl ;ppear that pl}ﬂ.ES.ORhEB:E have not heen
sufficiently attentive to this distinction, however es- ;
sential it maybe. But I am too sensible of I:i?gﬁ ow;:
incapacity to enter any deeper into- this . cu
question. ; ‘
19¢h September 1760, - -

~eemispeaking, occasion some slight irvegularitiés in
“their motion,, which astronomers are eager to disco-
~and which geometricians endeavour to deter-
ne. on the Pprinciples of motion. S
AN important. question is here agitated~—namely,
The powers whick act upon a body being Inown, how
yind the motion of that body ? Now, upon the
inciples above laid down, we are acquainted with
“thiszpgwers, to the influence of which every planet s
subjected.  Thus the motion of the -earth is somex
at..affected, first, by the attraction of- Venus,
Hich. sometimes passes very near it; and, secondly,
by:that of Jupiter, which, on account of the prodi-
gious ‘mass of this planet, becomes considerable,
thongh he he always at a great distance. 'The mass
f"l\%ars is too small to produce any perceptible
effect, though he is sometimes very near us; and
Saturn, though his mass be the greatest next to
that of Jupiter, is too distant. Bl
stThe moon, though her mass be very small, pro-
diices; however, some derangement, from hexr being
vy near the earth. The comet which appearéd
lastiyear was seven times nearer to us than the sun
hen his distance was smallest ;_there is a great de-
gree of probability, therefore, that it may have de-
‘anged the earth’s motion, especially if his mass was
sonsiderable—a cireumstance with which we are Mot
acquainted. If this comet were as great as the earth,
effect must have been very considevable ; bng itg'
apparent smallness induces me to believe, that -its
ass is much less than that of the earth, and conse-
quently its effect must have been Pproportionally less.
When we saw this comet, however, it had got to a
eat distance; at the time when it was nearest it
s:invisible .to us, but it must have appeared very
hikillfant to ony antipodes. SN

-~

Lerrer LXIL—Swarr, IRREGULARITIES YN THE.
. , r
.Motions or THE PraNems, CAUSED BY THEI
MuTuar ATTRACTION.

Iy order to determine the moti_i)‘n. of th‘:s Sl:l)infz !
i se the solar system, it is nec - !
:lvi]elsltgzlllggi)snllipt?ae primary plaiets, which are Mercm;‘y,
Venus, the Earth, Mars, C'eres,-_Palla:s, Juﬂfi, Vfﬁ ‘-z’j
Jupiter, Saturn, and the Georgium Sidus, ﬁ?]:? t euﬁ
satellites, namely, the moon, the four sate tc}s tl?ei
Jupiter, the seven of Saturn, and the siz o |
inm Sidus. |
G?I?:rg}‘:::sm been explained to you, that these eleven
planets are principally aitracted toward the Su-g’h&jﬂ
that the force with which theyare impelled m]?:ail him
is incomparably greater than the powers whic! 1?1{1
exert one upon another, becanse his mass zlsbmco -
parably greater than that of the planets, a}zll thecau:g
they never sufficiently approach to eac ‘Pd erblo‘
render their reciprocal affraction very cc)n.si1 erable,
Were they attracted only toward the sun, _t1 eﬁ 1;1?
tion wonld be sufficiently regular, and ea'sﬂh yI cla € .;
fnined. But the feebler powers of whic hav
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‘What has been said respecting the derangements!
accasioned in the earth’s motion, takes place likewise|
in the other planets, regard being had to their mass,
and to their proximity. As to the moon, and the
other secondary planets, the principle of their mo-
tion is somewhat different. The moon is so near
the earth, that the attraciion she feels from hene
greatly exceeds that of the sun, though the mass of
this luminary be many thousands of times greatex
than that of the earth. Hence it is that the motian
of the moon follows that of the earth, and that she
remains, as-it were, attached to it, which makes the
moon to be considered as a satellite to our planet.
Had the moon been placed much farther from us;
and had she been attracted less toward the eart
than toward the sun, she would have become a pri- -
mary planet, and performed her own revolutions -
round the sun; but she is 300 times nearer to u$
than she is to the sun ; hence it is evident that he
must exercise a much feebler influence upon her -
than the earth does, The moon being principally
attracied by two bodies, the sun and the earth, it li
evident that the determination of her motion mugt
be much more difficult than that of the primary -
planets, which are subject to the ativaction of the
sun only, excepting the slight deyangements which
have been mentioned. The motion of the moon has
accordingly in all ages greatly embarrassed philoso-:
phers ; and never have they been able to ascertain, .
for any fature given time, the exact place of the:
moon in the heavens. ‘
You perfectly comprehend, that in order to pre-
dict an eclipse, whether of the moon or of the sun,.
we must be able accnrately to ascertain the moon’
place. Now in caleulating eclipses formerly, there
yas frequently a mistake of an hour or more,

c_:hpse actually taking place an hour earlier or later
an- the -calculation.  Whatever pains the ancient
stronomers took to determine the moon’s motion,
hey were always very wide of the truth., It was not
till the great Newton discovered the real powers
ich- act wpon the moon, that-we began to approach
rer-and nearer to truth, after having surmounted
1y obstacles which retarded our progress. -

00 have employed much time and attention on
“subject ; and Mr. Mayer of Gottingen, pursuin
e track Wh{c!r I had opened, has arrived at a de%‘
ree ‘of precision beyond which it is perhaps impos-
le-to go. * .Not much move, then, than tén years
ave elapsed since we could boast of any thing like
ocurate knowledge of the moon’s motion. %i.nce
at time, we are able to calculate eclipses so exact]
"not to make the mistake of a single minutEy ;
heveas before, there was frequently the difference

ight minptes and more. To analysis, then, we

e indebted for this important discovery, the seurce -

of unspeakable advantages, not to the astronomer

‘1 . h L - *
atg;.‘ but likewise to the geographer and the navi-

" 28d Septerber 1160, )

TTER LXII,—Dzscriprion oF Tar FLux AND
. RrerLux oF THE SEa,

-HE atfractive power of the heavenly bodi -
iends ot only to the mass of the eari‘h},r b?liliso e:l]
th%i parts of which it is composed. Thus, all the

dies which we see on the surface of the earth.are
trgqted, not only toward the earth itself, from which

1':_[']m average error of Mayer's Dest tables
58, was from 1783 to 1788, 30" i
ereas the average error of our pr
ngitude and 4" in Latitnde,
progresa of astronomy.-—Ep,

1 with the improvements of
in Longitude and 14" in Latitude
esent tables in 1821, ia anly 4"
~=z0 rapil and unlooked for hns been the

E
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utely tb.ls singular phenomenon, and to unfold the
\_r‘h}ch produce it. ' 7

i begin,. then, with the description of the well-
Wi, phenomel}m_} of the fluz and refluz of the sea

1y any one is ignorant, that by far the greates;:
thof the surface of our globe is covered with =
ass of water, called the Sea, or the Ocean. This
ense ﬂuld mass is very different from rivers and
\es, . which, according to the diffevent seasons of
ear, confain sometimes less water, sometimes
whereas' in the sea the quantity of water ag
5 continues nearly the same. Ii is, however

rved, thqt the water of the sea rises and falls

results their gravity, and the weight of every one in
perticular, but likewise toward the sun, and toward .
all the other heavenly bodies; and that more or less
according to the mass of these bodies and their dis-'
tance. ‘
Now it is evident, that the force with which a
body, say a stone, is attracted toward the earth, must’
be incomparably greater than that with which the
same body is attracted toward the-sun, the other:
planets, and the moon, because of their great dis-
tance. Such a body being at a distance from thei
centre of the earth equal to a radins of this globe, -is
60 times farther from the moon. Though, then, thei
_ mass of the moon were equal to that of the earth,,
the attraction toward the moon wonld be 60 times
60, that is 3600 times less than the attraction toward,
the earth, or the gravity of the body. But the mass|
of the moon is about 70 times less than that of the
earth ; hence the attractive power of the moon be-
comes still 70 times 3600, that is, 252,000 times less
than the gravity of the body. .

* Again, though the sun be many thousands of times
greater than the earth, he is about 24,000 times
more distant from us than the cenive of the earth;
and for this reason the attraction of the sun upon 4
stone is extremely small compared to its gravity,
Hence you see that the gravity of tevrestrial bodies,
which is nothing else but the force with which they

_are attracied toward the earth, cannot be percepti-

gly affected by the. attraction of the heavenly bo-
ies, :

Though this attraction, however, be very ineconsi-

ty-four hours,
If, for nstance, in a harbour the water is now at
t_lefi.tegt h?lg.ht’ it will presently begin to subside;
115 decrease continues for six hours, at the end
hich its depth will be at the lowest. It.then
bs uiigamlto rise, and the increase likewise lasts
13, when it is again at its greatest d LI
immediately begins agz?in to fall f%r six ho?rt"},l ‘ang:
'Hneulisntslfs as many, so that in the space of about 24
A ¢ water rises and falls twice; and arrives
,:ﬂ,ﬁegl}at@%y at 1ts greatest and least depth.
t.is this alternate increase and diminntion of the
Er of the sea which we call its fiuz and refuy, or
»¢ Bowing and ebbing ; and more particularly, the
- enotes the time during which it increases or
85 and the reflux the time of its decrease or fall-
g The flux and reflux together likewise go by
‘ame of #ide. 'This alternation, then, is to be
Subject of our present disquisition.
s first of all to be remarked, that the difference
ween rising and falling keeps pace with the varia-
of' the moon, At full and new moon the water
hlghe1' than at the quarters; and about the
Fof the vernal arid autumnal equinaxes, in the

derable, there results from it a remarkable pheno-
menon, which long puzzled philosophers; 1 mean
the Tides, or the flux and the reflux of the sea. ﬂﬁ
oceurs so frequently, even in common conversation)
that it is almast a matter of necessity to understand

it. Tor this reason, I propose to explain more mir
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months of March and September, this alternate mos
tion of the sea is most considerable. A great d]i'fe,T
rence is likewise observed, aecording to thc? situgy
tion of the coasts. The flux, in some places, is ney
more than a few feet, while, in others, the rise-i3
forty feet and upwards. Such are the tides in thi
ports of Sz Malo in France, and of Bristol in Er{gT
land. ‘
1t is farther to be remarked, that this phenoment
is perceptible chiefly in the ocean, where there 15-3
vast extent of water; and that in seas hounded an
confined, such as the Balfic and the Mediterranean;
it is much less considerable, The interval -from th
flux to the succeeding reflux, is not exactly six homgﬁ
but about eleven minutes more; so that the samg
changes do not take place, the day after, at the same
hour, but fall out about three quarters of an %1(_) !
later : so that a revolution of thirty days is requisite,
to bring them round to the same hour; now, this: i
precisely the period of one revolution of the moa
or the interval between one new moon and tha
which immediately follows.
26:% September 1760, . ‘ ;g

tiare always. places where the water is low, while
igh-at others; and that it is conveyed from the
erto the latter. 'When the water rises at any
0, there is always a current, conveying it from
I' places, where it is of course at that rime low.
"18-an error, therefore, to imagine, with some au-
hors, that during the flux of the sea the total mass
water becomes greater, and that it diminishes dur-
sthereflux, The entive mass or bulk of water re-
ding ever the same; but it is subject to a perpetual
ation, by which the water is alternately trans-
ofted from certain regions to others; and when the
©1-is high at any place, it is of course low some-
here else, so that the increase at places where it is
h is precisely equal to the decrease at those where
slow, :
-Such are the phenomena of the flux and reflux of
¢ sen; the cause of which ancient philosophers en-
voured to discover, but in vain,  Kepler, in other
pects a great astronomer, and the ornament’ of
rermany, believed that the earth, as well as all the
wenly bodies, was a real living animal, and con-
dered the flux and reflux of the sea as the effect of
respiration. According to this philosopher, men
d-beasts were just like insects feeding on the back
fithe huge animal.  You will hardly expect I
jould go into the refutation of an opinion so ridi-
8
escartes, that great French philosopher, endea-
d to introduce a more rational philosophy; and -
ked, that the lux and reflux of the sea was
ipally regulated by the moon’s motion ; which
iideed a very important discovery, though the -
nits had already suspected a connexion between
-two phenomena. For ifhigh water or the top
e flux happen to-day at noon, it will be low
er’at 11 minutes after six in ‘the evening : it will

o

Lerrer LXIIL—DirrERENT OPINIONS, OF PHIL»

LOSOPHERS RESPECTING THE Frux aNp RerLu
" OF THE SEA. -

WHEN the water of the sea rises at any place, Wi
are not to imagine that it swells from any intern
cause, as milk does when putin a vessel upon &
fire. The elevation of the sea is produced by a r¢
increase of water flowing. hither from some oth
place. It is a veal current which is very percept%bg
at sea, conveying the waters toward the place wh
the flux is. . :

In order to have a clearer comprehension of tl
+ou must consider that in the vast extent of the oce
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[1 .
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isyin

ghtide; which, however, does not happen. Be-
the moon is teo distant from the earth, and the
sphere too low to be impressed by the moon;
dmitting that the moon, or any other great
dy;-were to pass along the atmosphere, it would
oy far: from undergoing any pressure from it,
d-stiil less wonld the sea feel this pretended
eésure,
This attempt of Descartes to explain the flux and
s of the sea, has therefore fiiled ; but the con-
or of this phenomenon with the moon’s mo-
“which this philosopher has so clearly unfolded,
bled his successors to employ the application of
1’ researches with more success, This shall be
ubject of some following letters. - '
30¢% September 1760,

rige till 22 minuies aiter midnight; and t‘he_next lgyg
water willbe 33 minutes after six in the morning of the
day after; and the ensning high water, or flux, wil
be three guarters of an hour after noon: so that from
one day to another the same tides are later by thre
quarters of an hour, ) .
And as the same thing precisely takes place in t &
maeon’s motion, which rises always three quarters 9
an hour later than the preceeding day, it was presu
able that the tides followed the course of the moor
If at any given place, for example, on the day
new moon high water happen to be at three of thg
clock, afternoon, you could rest assured, that eve
after, on the first day of the moon, the flux would
invariably be at the height at three o’clock afternoon,
and that every following day it would fall later by
three quarters of an hour, |
Again, not only the time when every flux and rer.
flux happen exactly follows the moon, but the strength:
of the tides, which is variable, appears still to depgn(?.
on the position of the moon. They are every wher
stronger after the new and full moon, that is, atthes
periods the elevation of the water is greater than at
other times ; and after the first and last quarters, thg
elevation of the water, during the flux, is smaller;
This wonderful harmony between the iides, and.th
motion of the moon,-was, andounbtedly, suﬂimen%
ground to conclude, that the chief cause of the flux.
and reflux of the sea was to be sought for in the ag:
tion of the moon. IR
Descartes accordingly believed that the mao;: iy
passing over us, pressed the atmosphere, or the .
whichsurrounds the earth, and that the air pressing o
the water, in its turn, forced it to subside. Had th
been the case, the water must have been depressed
at the places aver which the moan was, -and . thg
same effect should be produced 12 hours after; in th

1TER LXIV.—ExXPLaNATION oF THE FLux anp .
RE¥LUX, TROM THE ATThaceiveE Powen OF THE

DiscarTES’S method of explaining the flux and
ofluxc: of the sea, by the pressure of the moon upon
ur atmosphere, not having succeeded, it was reason-
to look for the cause of it in the attraction
hich. the, moon exercises upon the earth, and con-
juently also upon the sea. T
e attractive power of the heavenly bodies hay-
ingibeen already sufficiently established by so many
her phenomena, as T have shown, it could not be
hted that the flux and reflux of the sea must be
ffect of it.  As soon as it is demonstrated that
oon, as well as the other heavenly bodigs, is
dowed with the property of atiracting all bodies
sdirect vatio of their mass, and in the inverse
io of the square of their di_sizange, it is easily com-
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oweL, ja,p.d. no deran
jal.situation,
T__g Y&g«,iix)lneasll)ly form the idea of several carria es
Lor tgh Y powers perfectly equal; they v%ill
fageal on | S: 1c>ag3 always preserving the same or.
en} dv me distances ; but as soon as some of
tﬂ%‘ allce more briskly, and others more sl |
: .eI aOI'dO:‘,l' will he deranged, The same 'th?l?"
atIt)u ac;ie? ;‘.Jl;e :Iz::e of the different bodies whiclg1
stiracted & moon; if they all felt, ;
Sélizgéﬁe, the action of that hlmijr;ar s théyl‘i?rogllg
frve e :Imme relative sitvation, and we should
-fyhi d;:) ;: hmnge in them: but as soon as the force
hi hey are attracted toward the moon va
yes 'ifu;;ﬁff ﬁgfe;herﬁ, tlllleir order and their 1'ela:
e situal sarily change, unl
d to each oth. Y 8¢, unless they are at-
d er by bands whi i
’Qle to'bm‘st asimdef_ which that power is
gie:luosf is i1110_1‘, the case ‘with the sea, as all the
les o :Ve ‘uul are easily separated from each
eL and en ry oIne_ may obey the impressions
oh I rece t;s::.t . 11: 1fhev13j%‘nt, then, that when the
e erent parts of th
ot equal to one anoth gitation, on oo
) er i
Qgemﬁut, must be the conseq:.lezrfl.:: gitation, or de-
a;é ai:f Just seen that the different parts of the
hey 0 umequally St 200 accordin
aufaey 2 ‘ 1stant from her centre;
58 Q;Jf?st,hlifhﬁrefore,_be agitated by the forcelz% :11:6
__,,ésw i » continvaily .changing her situatios
_0 uifdc .io‘the earth, and _performing a revolu
gound L in about twenty_fonr hours and thre;
ters, makes the sea undergo the same chanees
Tdi%ffst?gzt;h?‘ sami phenomena in the same gif::’
f & -four hours and three quart .
i . ers;
nd reflux must, therefore, he Eatm'ded ,‘1'1'21::13

prehended that its action must extend to the seal
and the more so, as you must frequently have ol%
served, that the smallest force is capable of ﬂgitatiz_lg
a fluid, Al that remains, therefore, is to inqui.l'?t
Whether the atiractive power of the moon, such ¢
we suppose it, is capable of producing in the sea th
agitation known to us by the name of flux and re
flux, ' :

Let the annexed figure (Prare 11, Fig. 1.) repre
gent the earth and the moon. A is the place where wh
see the moon over the earth; B that which is d"’

“rectly opposite, or the antipodes of A 3 and C is th
centre of the earth. As the point A is nearer tl}
moon than the point B, a body at A is more power
fully attracted toward the moon than a similar bod
at B. And if we suppose a third similar body to
placed at the centre of the earth C, it is evident tha
the body A will be more powerfully attracted towar
the moon than the body C, and this last than
body B, because the body A is nearer to th'e moo
and the body B more remote than the body C. Bu
similar bodies placed at E and T, are almost as mu
attracted by the moon as that which is at the cen
of the earth C, ‘as they are all three nearly equid;
tant from the moon. .

Hence we see that bodies placed on the surfa
of the earth are not all equally aitracted toward
moon. This inequality of attraction depends on-{
inequality of their distance from the centre of
moon L, so that a body is so much the more pow
fully attracted by the moon, as its distance is les
and the contrary takes place according as the di
tance is greafes. .

To these differences in the action of the moon‘
bodies differently situated, we must here chiefly 1
attention ; for if all bodies were equally attrac
toward the moon, they would equally obey “th

gement could take place in their

[

o
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one day to another three quarters of an hour, whicl
i firmed hy constant experience. .
* (i{tmnow remS;i.ns that we show how.the al‘tmg:;..
elevation and depress-ionr(;il' ﬂ%ie _seal, thleal.ln (fx:glzevei
s an i six hours a ]
each other afier an interval ot st ours and ele
minutes, result from the inequality of the ,)‘:»owelnsex
the moon, This I propose to examine i 1y nexjp
letter,”
Azh October 1760,

Lerrer LXV.—THE saME SUBJECT CONTINUED

y h
ion in the state of the earth, but in so fE?.T als s.
:gt]; 1::1;6;11311}7 on its diﬁ’ereniil pa;;:ﬁ. th;r?:n: :asib:t];bnj,
it is i its parts equally m,
11:;‘1:’ ;rh;:lg lil ::t;ug]ly att?acte?l, and no change 1P
the%- relative situation would resglt frm:n 1;. ), noa |

But a body being at A (Prare 1L .izgc -, peme
the moon than the centre of the ear dlr s ls moy
powerfully attracted to it than a body a !

You have seen that the moen causes no altera%.

be; it will approach it, then, with greater veloeit;
3

Cis

than this last; from hence it necessarily follows

proaches the moon; as if there \ger? t}wo ﬁh?;;ixt
. if the cha:

at A, the other at C, an ‘ .

3'1:1';) ngrawn’toward ¥ with crreatg' folltc? t%ﬁ: ﬂ?
. is thy

iot C, it would remove from C. s

s]};:r };gzve; of the moon has a tendency to Wlthchi

I re C. - :

[ t A from the centre

ﬂl%%c:vm to remove a body from the CEIlll)t[:e gfm?

earth is, to raise it; and t}le water- at A t}- euil?gme:_

the thing in question, it is certain tl:1=ai;, _ﬁle’-c e

the moon tends to raise the water wh;ch é: 3 A 1,:;: wf

‘excess of the attractio At

a power equal to the excess of the at !

that the body A retives from the centve G, and: a%
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‘the moon felt at A, above that felt a¢ C, By this
power, then, the moon raises the waters of the earth
which are immediately under her.
Let us now, likewise, attend to a body at B, di-
rectly opposite to the point A; the centre of the
tth G, wmore powerfully attracted by the moon
han the point B, will approach nearer to it, and
this last, so to speak, will remain behind, just as a

chariot, which was drawn more slowly than that
. which precedes it. The point B will consequently
‘remove from the cen

tre C, and rise; for to remove
Arem the centre of the earth, and to rise, is one and
~the same thing,

It is evident, therefore, that the power of the
oon tends to raise the waters, not only at A, but
likewise at B, the point diametrically opposite, and
sthat by a force equal to the diffevence of the attrac-
tion of the moon at B and at €, which is less at B
han at C. Now, those who are at A, have the
oon directly above them, or in their zenith; and
ose who are at B see nothing of the moon, becanse
he is then in a point of the heavens diametrically
pposite to their zenith, called Nudiy. )
“Hence it appears, that at whatever part of the sea
1t may be, the water must rise equally when the moon
in the zenith of that place, and in its nadir, or,
hen the moon is at its greatest elevation above the
prizon, or at its greatest depression under it At
ie intermediate periods, when the moon is in the
orizon, either rising or setting, she exercises ne
ower capable of raising the sea; a small contrary
pewer tends even to make it fall,
. ‘According to this system, at the place of the sen,
where the moon is in the zenith, its power has a ten._
ney to raise the waters; about six Lours afier,
when she has veached the horizon, her power has a
tendency to miake them fall. Twelve hours and
VOL. L. 1
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i t
twenty-two minutes after, the moon bemghthzr};ei.
the pgiut most distant under the horizon, she ‘

; . @
ver to raise the water; and at the
cises the same power to ralse

. . e when
end of eighteen howrs, thirty-three minutes, when

she has got to the opposite horizon, the waters are .

fallen ; till at length, twenty—ff)ur hI(;mi tﬁi-:}ls fgl :1{;
five minutes from the fivst period, s e‘l o day§
zenith, raising the water as on the p1‘e_32; d g ‘_
and this is confirmed by nniform ezfpel_l Of. e cen.
This alternate elevation and depr ess_mnt f the se: é
at iniervals of six hom"s and. eleven mmz ei; having
S & e o o endl stk of the s
! t that ihe
Egelggtf:‘e?bifo’?he attractive power of thle mogil. rcts
Tt is a remarkable circuplstance t] 151.}%;1 st et
ually on the sea, in raising it, whether she is ftt ber
eq‘ea.te:gt height above the horizon, or at theﬁmib verr
%;nt point under it. This fappez_u'eg Sita t t{:e ey
trange to philosophers, who imagine  moot
. tg roduce, under the horizon, an effect _c]c;l i\ = ){r: _
?;utﬁmg which ’she produces when in the zeTﬁe. San?b
ou see clearly that the moon produses 2 same
Yﬂ‘ t in these two diametrically opposite po! tons d
; eIcha.ve demonstrated in the {}gure above re AEI a
?2 that the effect of the moon is the same at 4 an
b " .
at B.
Ytk October 1160,

Lerrek LXVI—THE saME SUBJECT CONTINUED._
E'TT .

Froar what has been said respecting the ﬁﬁx :u&
il :)f the sea, you must be sensible that E;l e g}

4 . ) _
ieemuc});f Newton, which Thaye adoptc_ad,‘ls %1_e‘chzt,c t]Ijle
trary to that of Descaries. Accdoi'ld;n;i ;(Jm::; ast, the

. ) N |
ercises o pressure, an s beide
ﬁogﬁcii situated ldirectly under her : but, according

- A is the same, whether
- nith of the point A, or at
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to Newfon, she acts by attraction, and forces the
waler to rise at these very places, '
- Experience, then, must determine which of these
- two systems is to be recejved, No more is neces-
. sary than to consuli the observations made with res-
- Pectto the ocean, in order to see whether the water
rises or falls when the moon is in the zenith. Re.
course has actually been had to this 3 but it is found
that when the moon is at either the zenith oy nadir
“of a given place, the water there is neither high nor
low; and that high water does not take place tll
some hours after the moon hag passed the zenith,
w From this circumstance, persons who examine
things superficially, concluded at once, that neither

of the systems was admissible; and the Cartesians
presuming, that if

- have taken advantage from it,

Newton's was vejected, that of Descarzes must neces-

sarily be adopted, though the observations referred
o are as contrary to the system of Descarges ag they
appear to be to that of Newton,
~But the system of Descartes is over
single phenomenon, that the sea is
gsame state after g period of twelve hou
two minutes, or that its state is always the same,
whether the mogn be above or below the horizon ;
and it is impossible for its supporters to show how
the moon, being over the heads of our antipodes,
can produce the same effoct as whep 5 '

he is over
onrs. For thig purpose, see Prarr IT, Fipg. 2
Experience proves th

turned by this
always in the
rs and twenty-

at the state of the wator at
the moon De at M, the ze.
N, its nadir, which ig con-
sequently the zenith of the antipodes at B, The
effect of the moon, then, on the water at A, is the
game in both cases. Butif the moon acted by pres-
gure, according to Descartes, it would follow, that
‘When the moon is gt M, the water at A must fall;
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and if she were at N, it is impossible that the water
t A should undergo the same pressure. e i is
: In the system of attraction, on tae contrary,
i tably certain, e moon
mcotn%:?: nea);ly the same, whether that lumlfl;lallyo}f)-
11111381 or at N; and this is demonstrated by actua
al
o receding explanation, be-
here repeat a preceding ! : .
: 111ui?:t is a nf)atter of the utmost 11_np01t£‘l.n.6?t
cwauhse the moon is at M, the point A is nem-fﬁn
th e1]:1he centve C; it is, therefore, more ﬁ(lnwelm m{;
; .
atfrl-;cted than the centre; the_pol}ﬂ: ‘31 w ri;e- ove
from the centre, consequentldy it wi -3322 s 3 the
ing at M, has a tendency to r :
mofxn biu;g is now see what effect the moon, tbzlf:r%
a::: N will produce, where she arrives in :‘r: N
iour; and twenty-two minutes after she was .
point A is more distant ) . -
315 thgngozléntre C, it will be more feebly attracted ;
an

i i reater velocity to-!
the centre C will advance with greater I\ éywﬂl

ward N, than the point A; the (}istsic;m < v
accordingly become greater ; the point A s
fore, be more

consequently the moon being at
A to ascend, th.a.t is, ‘ ‘
water at A, as if the moon were at M ‘
But here experience presents a very
objection
M, or at N,
vation at A.
derable time after,

L3

the water is not then at its greatest ele

you will easily

precipitate.

: |
1 nis at M or N

t said, that when the m_of) , .
et Bt its greatest height; I have om%r

the water at A is

that the action of the moon |

from the moon at N |

distant from the centre C. ]_311&: to_:)ej

distant from the centre of the earth is to 1‘1_6; |
comsequentl N, makes the point,
she has a tendency to raise the|

formidable%
for it is observed, that the moon being at

This does not take place till a consi-
and thence some hzwf1 been I;n?‘

el i lanation altogether. il
duced 1 le']e(:tsegnihaix}sheir decision 1s extremelﬂ
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 8aid, that the power of the moon has then a tendency
to make the water rise. But the water at A could
. 11":<_Jt rise, nnless its quantity were increased ; and that
 increase can be produced only by the flowing of the
water from other parts, some of them very distant,
~ A’ considerable time, therefore, is requisite to the ac-
cumulation of o sufficient quantity of water; it is,
then, very natnral to suppose, that high water at A
should not take place for some time after the moon
~has passed M or N. This observation, therefore, is
“so far from overturning our system, that it tends
sirongly to confirm it,
. There is no room to doubt that the power which
has a tendency to raise the sea, must precede its
greatest elevation, nay, that a considerable time must
ntervene, as the water must flow thither from places
Yery remote, that is, from places where the water
st be low, while it ig high at A. If the water hay
- to-pass through straights, or has its cnrrent other.
- wise obstrucied, high water will be still more re.
arded; and if] in the ocean, it is high water at A,
fwo hours after the mocn has passed M or N, it will
diot be at the height, in narrow and bounded seas,
for three hours or more:

and this perfectly agrees
With daily observation.
- 11% October 1760,

Lerter LXVIL—Tux SAME SUSIECT CONTINUED,

I is no longer, then, a matter of doubt, that the
ux and reflux of the ses is caused by the attractive
.power of the moon, But there remains one diffi-
.enlty more to be removed : Why is the motion of _
“the sea much more considerable at the time of new
nd full moon, than at the other quarters? If the
100n were nearer the earth when she is new, or
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of the earth, is nevertheless smaller, on account of
the great distance of the sum, which is 300 times
farther from us than the moon, . The difference of
the power with which the centre of the earth, and
the points of its surface, ave attracted toward the
sun, is therefore very small ; and from calenlations
actually made, it is found to be three times less
fearly, than that of the moon upon these points.
The atiractive power of the sun alone, then, wonld
Jikewise be capable of ‘causing the flux and reflux of
the sea; but it would be about three times less than
{hat which is the effect of the combined influence of
these two luminaries. ' ‘
.. It is evident, then, that the fux and reflux of the
. 5ea are produced by the power of both the sun and
the moon, or that there are really two tides occa-
sioned, the one by the moon, the other by the sum,
-~ and called the Zenar tide and the Solar £idy, That of
the maon, nearly three times greater, follows its mo-
Hon, and from one day to another is retarded three
- guarters of an’ hour; that which follows the action
- of the sun, would constantly correspond to the same
hours of the day, if it existed alone, or if there were
ho moon. These two tides, the lunar and the solar
gether, produce the flux and reflux of the sea ;
ut as the one and the other separately make the
waters of the sea alternately to rise and fall, when it
happens that these two camses conjointly make the
sea rise and fall, its flux and reflux become much
Anore considerable; but when the one tends to raise
. .the sea, and the other to lower it, at. the same pluce,
‘when they act in contrary directions, the one will
then be diminished by the other, and the lmar tide
1l be weakened by the solar. According as these
o tides assist or check each other, the fiux and ve-
1x will then be more or less considerable, '

full, than when she is in her quarters, ther‘e n‘rm}}:d‘
be no difficulty in the guestion, as her proximity
would inerease her power. _Bm: though the moon
approaches the earth somefimes more, somet.nne;;l 3
less, the difference is al_ways too small to occasi'oxshe
change so considerable in the flux and reflux o
se%esides, this difference is not regnlated by the new :
and full moon; and it may happen that the moor,
in the intermediate quarters, should be nearer to us
than when she is new or full. "We must havei_ Te-:
course, therefore, to another cause capableho in-,
erepsing the flux and reflux of the sea at the new.
and full moon, and of diminishing it at the interme-
iat arfers. i
dl%}‘?lg l;ystem of attraction shmj.rs' us at fivst, tl;._a:};ﬁy
is the action of the sun which, joined to that of the|
moon, furnishes a complete solution of all the Pi}e?ﬁ;
mena presented to us by the flux and reflux o e
sea. Indeed, all that I have said respecting ue\
power which the moon exercises on the sea, is equa tyw
applicable to the sun, whose attractive pow::;l a;cs
likewise unequally on all the parts of the %ar > ne-
cording as they are more or less remote ‘ox.n i,
The attraction of the sun is even much more mtensa‘ ‘,
than that of the mecon, as it cl:neﬁy reg}ﬂﬂtes ’Ehe mo+
tion of the earth, and earries it round its orbit. e
As to the motion which he communicates to ; &
sea, it depends on the inequality of that Effc_:tmns fﬁ; ]i;l‘}3 .
relation to the different points of the surface £ e |
earth, which are move or less atiracted l’lccn-\a'e.cl:1 the |
sun than its centre—as I have ah'eadyfsaﬁjgf yart -
in explaining the effect of the moon. I1 e E;)h rt
of the earih were attracted equally, no cnange m ; i

mutual sitnation would take place. But t%ougl; ?li'e

ower of the sun be mnch greater than that o :

E,monr the inequality, with relation to different parts -
E
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Now, as, at the time of new moon, the sim' lanic_l
moon are in the same paris of the heavens, (ti 1e.11ﬂe -
fects being perfectly In unison, the flux an 101;_ tl}l::
must then be greatest, being equal to the smtI]l1 he

two tides. This will equally t.ake pla9e at he
of full moon, when the moon is opposite to the suri; |
s we know that she produces the some effect, thong 1
she be in a point of the heavens diametrically optpo-
site to the first. The flux and reflux must ﬂ.‘l}fle ﬁTet‘
bhe oreater at new and full moon, than z%tﬂt e z:s
andblast guarters. For then the power of the sunto
exerted to lower the waters, and that of the mog;: °
vaise them. It is evident, therefore, that z.t' bclas :
seasons the flux and reflux Iﬁnust b: less considerable ;|
tual observation confirms it. :
an%ti:li;it be sill farther demonstrated bg calcula;;i
tion, that the effect of the moon, or .of 1 e Sutn’thé
somewhat greater, when these bodies a11e al - thé
equator, or equally distant from the tw]f) poles ooxes ‘
globe: which happens at the time of the ilqlém tem”
toward the end of the months of Ma_rch aia : gp a;}
ber. It is found, too, that at that time the htl esthrﬁ
strongest. It follows beyond al}: doubt, t .en, sé i
the ti?les, or the flux and i'.eglux 1512 :‘)J;\le asgial, Dafl :]f:l;un,‘
ttractive power of the &
11)13'r :Llsleniuc,h as tgese powers act unequal%y} (1;1;1 1;11:](:)13 _
different parts of the sea, The happ'_?r 831?1 1511 o
of this -phenomenon, which had so dread! 3; fpthT
plexed the ancients, is a complete confirmation &
system of attraction, or of Euuver:qal gravitation, cix}
which is founded the motion of all the heavenly
bodies.

14¢h QOctober 1760Q.

TrER LXVITI.—Mogrz PARTICULAR AcCcount

OF THE DIsPUTE RESPECTING UNIVERSAL GRa-
*VITATION.

-« Haviva given you a general but exact idea of
he powers which produce the principal phenomena
of the universe, and on which are founded the mo-
‘tions of all the beavenly bodies, it is of importance
0 consider with more attention, those powers which
are the principal points of the system of attraction.

It is supposed in this system, that all bodies mu-
‘tnally attract each other, in the ratio of their nass,
and relatively to their distance, in conformity to a
law alveady explained. The satisfactory manner in
which most of the phenomena in. nature are ac-
womnted for, proves that this supposition is founded
in trath; and that the attraction which different
hodies exercise upon each other, may be considered
85.a most undoubted fact. It now remains that we
inguire into the canse of these attractive powers; but
this research belongs rather to the province of meta-
physics than of mathematics, T dare not therefore
flatter myself with the prospect of absolute success in
the prosecution of it, '
“As.it is certain, that any two bodies whatever are
aftracied to each other, the question is, What is the
cause ol this attraction? On this point philosophers
are divided. The English maintain, that attraction
15 a property essential to all the bodies in nature,
and that these bodies, hurried along by an irresist-
ible propensity, tend mutnally to approach, as if
they were impelled by feeling, :

Other philosophers consider this opinion as ab-
urd, and contrary to the principles of a rvational
philosophy. They do not deny the fact ; they even
admit that powers exist, which are the caugses of the

: 12






