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M OO

invented the mood we call imperative ; which has no firft per-
fon in the fingular, becaufe a man, properly {peaking, can-
not command himfelf; in fome languages it has no third
perfon, becaufe, in ftri¢tnefs, a man cannot command any
perfon, but him to whom he fpeaks and addreffes himfelf.
And becaufe the command or, prayer always relates to what
is to come, it happens that the imperative mood, and the
future tenfe, are frequently ufed for each other (efpecially
in the Hebrew); as, non occides, thou fbalt not kill, for do net
&ill. Hence fome grammarians place the imperative among
the number of futures.

Of all the moods we have mentioned, the oriental lan-
guagés have none but the laft, which is the imperative ; and,
on the contrary, none of the modern languages have any
particular inflexion for the imperative. The method we take
for it in Englifh, is either to omit the pronoun, or tranfpofe
it; thus, [ love, is a fimple affirmation ; love, an impera-
tive ; we love, an affirmation ; love we, an imperative. An
infinitive verb is fometimes ufed by the poets to exprefs a
command ; the imperative verb being underitood.

In explaining the origin of moods, the ingenious Mr.
Harris obferves, that the foul’s leading powers are thofe of
perception and volition ; and that all {peech or difcourfe is
a publithing either a certain perception or volition. Hence
then, according as we exhibit it either in a different part, or
after a different manner, the variety of meods. If we
fimply declare or indicate fomething to be, or not to be,
whether a perception or volition, this conftitutes the dec/a-
#ative or indicative mood. If we affert of fomething poflible
only, and in the number of contingents, this makes the
potential mood. When this is {ubjoined to the indicative,
and ufed, as it moftly is, to denote the end or final caufe,
it is the fubjun@ive. When we addrefs others, in order to
have fome perception informed, or {ome volition gratified,
we form new modes of {peaking : if we interrogate, it is
the interrogative mood : if we require, it is the reguifitive,
which, with refpe to inferiors, is imperative ; and, with
refpect to equals and fuperiors, precative or optative. The
indicative, potential, interrogative, and requifitive moods,
have their foundation in nature ; and, therefore, certain
marks or figns of them have been introduced into language,
that we may be enabled by our difcourfe to fignify them to
one another; fo that moods are, in fa&, no more than fo
many literal forms, intended to exprefs thefe natural diftinc-
tions. All thefe moods, with their relpeive tenfes, the
verb being confidered as denoting an attribute, have always
reference to {fome perfon or fubftance. But therc is another
mood or form, under which verbs fometimes appear, where
they have no reference at all to perfons or fubftances : thefe,
from their indefinite nature, are called infnitives. Hermes,
p- 140, &c.

Moop, or Mode, in our old Mufic, was a term only ap-
plied to the divifions of time or meafure, which was fo
embarraffing a ftudy, that a very confiderable portion of
Morley’s treatife is beftowed -on that {fubje&. Previous to
the ufe of bars, all mealures, however complicated, were
determined by the modal figns placed after the clef of every
compofition. Thefe figns were circles, femicircles, pointed,
or without points, followed by the figures 2 or-3 differently
combined. See Mopg, MopaL, and ProLATION.

Roufleau gives twelve examples of ancient charaéters of
quantity ; but as thefe were charaters referred to notes now
out of ufe, as the maxima, the long, and the breve, thefe
explanations can be of little confequence but to thofe who
are ambitious of knowing the ftate of meafured mufic at
every period of its cultivation.

Moonb, in Philsfophy and Mufic.

Vor. XXIV.

See Mopk.

MOO

MOODUL, in Geography, a town of ‘Hindooﬁan, in Vi.
fiapour ; 13 miles §.5.W., of Galgala.

MOODYPOUR, a town of Hindooftan, in Bengal ; 28 -
miles N. of Pucculoe.

MOOGONG, atown of Hindooftan, in Goondwanah ;
50 miles N. of Nagpour. ’

MOOGPOUR, atown of Hindooftan, in Guzerat ; 3x
miles E.N.E. of Janagur. .

MOOGRY, a town of Hindooftan, in Vifiapour; g1
miles W. of Poonah. :

MOOXANOOR, a town of Hindooftan, in Baramaul;
18 miles §.8.W. of Darempoory.

MOOKER, atown of Cabuliftan ; 40 miles from Ghizni.
— Alfo, a town of Hindooftan, in Madura ; 40 miles E. of
Coilpetta.

MOOKTI, afea-port town of Japan,ina bay onthe S.E.
coaft of the ifland of Niphon; 8o miles S.E. of Jedo.
N.lat. 35°30" E. long. 40° 40'.

MOQOOLA, a town of Hindooftan, in Vifiapour ; 10 miles
E. of Poonah.

MOOLILLY, a town of Hindooftan, in Myfore ; 20
miles W.N.W. of Allumbaddy.

MOON, Lux~a, ¢, in Aflronomy, one of the heavenly
bodies belonging to that clafs of planets, accounted fatellites
or {fecondary planets.

The moon is an attendant of our earth, which fhe re-
fpefits as a centre, and in whofe neighbourhood fhe i3 con-
ftantly found ; infomuch as, if viewed from the fun, fhe
would -never appear to depart from us by an angle greater
than ten minutes.

As all the other planets move primarily round the fun,
{o does the moon round the earth : her orbit is an ellipfis,
in which the is retained by the force of gravity ; performing
her revolution round the earth, from change to change, in
2g days, 12 hours, 44 minutes, and round the fun with it
every year ; fhe goes round her orbit in 2% days, ¥ hours,
43 minutes, 5 feconds, moving about 2290 miles every
hour ; and turns round her axis in the time that the goes
round the earth, which is the reafon of her keeping always
the fame fide towards us; and that her day and night taken
together are as long as our lunar month, See LiBraTion
of the Moon.

The mean diftance of the moon from the earth is 6ol
fex;li-diameters of the earth; which is equivalent to 240,000
miles.

The diameter of the earth is to that of the moonas 11: 3,
oras1:0.2727 (fee PARALLAX) ; therefore, the magni-
tude of the earth is to that of the moon as 1 :.02028, or
very nearly as 49 : 1 ; and the denfity of the moon being to
that of the fun as 2.44 : 1, and the denfity of the fun being
to that of the earth as o.252 : 1, it follows that the denfity of
the earth is to that of the moon as 1:0.6149 ; therefore,
the quantity of matter in the earth is to that of the moon
as 1:0.1245. But if, with fome authors, we affume the
denfity of the moon to that of the fun as 2.5 : 1, the quan-
tity of matter in the earth is to that in the moon as 78 : 1,
or 1:.0128. Alfo, the gravity of a body upon the earth
is to that upon the moon as 1:0.7677. The apparent dia-
meter of the moon, as feen from the earth, varies, according
to M. de la Lande, from 2¢' 22" when the moon is in
apogee and conjunétion, to 33’ 31" when in perigee and
oppofition : its mean diameter being nearly equal to the
leaft apparent diameter of the fun, it may be taken at 31/ 8%,
and that of the fun at 32’ 2”. M. de la Lande makes it
to be 31’ 26". (See DECLINATION and D1aMETER.) Its
mean diameter, as feen from the fun, is 4”.6. The mean

diameter, in Englifh miles, is 218a. The mean diameter,
H as
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_at above ftated from M. de la Liande, isthe arithmetic mean
‘between the greateft and leaft diameters: the diameter at
the mean diftance i g1¢ 7. When the moon is at dif.
ferent altitudes above the horizon, it is at different diftances
from the {petatur, and, therefore, there is a change of the
apparent diameter; which is jnverfely as the moon’s dil-
tance, The diameter of the moon may be meafured, at
the time of its full, by a micrometer ; or it may be mea-
fured by the time of its paffing over the vertical wire of a
tranfit telefcope, which muft be done when the moon pafles
within an hour or two of the time of the full, before the
vifible dilc is fenfibly changed from:a circle. The moon’s
furface contains 14,898,750 fquare miles, and its folidity
£,408,246,000 cubical miles, The mean excentricity of the
moon’s orbit is 0.05503568 of her mean diftance, which is
equal to about 13,200 miles; and this makes 2 confiderable
variation in that mean diftance. This excentricity, how-
ever, i3 fubje& to a variation, the greateft variation from
the mean being 0.00986 ; the excentricity being increafed
whilft the apfides move from quadratures to {yzygies, and
decreafed whillt they move from fyzygies to quadratures.
{See the annexed table.} The correfponding greatelt equa-
tion i3 6° 18’ 41."6, which Mayer makes to be 6° 18’ 32" in
his laft Tables, publified by Mr. Mafon, under the direétion
of Dr. Mafkelyne. The inclination of the moon’s orbit
is alfo fubjeék to a variation. 'When the moon is in {yzygies,
the variation (== 2'40".%) i3 the diminution of the irclina.
tion in the tranfit of the moon from the nodes (in quadra-
tures) to fyzygies; the half of which (1' 20") is the vari-
ation from the mean inclination in that time. Hence, in the
tranfit of the nodes from {yzygies ta quadratures, when the
moon {s in quadratures, the variation of the inclination has
been 16! 10" — 1’20 = 14! 5o, and when the moon i3 in
{yzygies, the variation hasbeen 16' 10" -4 1' 20" = 17’ 30"
t{erefore, if the inclination be §° 17f 20", when the nodes are
in fyzygies, the leakt inclination becores 4° 59' 50 aud the
mean == 5° § d3£§". )

In order to determine the inclination of the moon’s orbit
to the plane of the ecliptic, obferve the moon’s right afcen-
fion and declination when it i3 go” from its nodes, and thence
compute its latitude ; which will be the inclination at that
time. Repeat this obfervation for every diftance of the fun
from the earth, and for every pofition of the fun in refpe&t
to the moon’s nodes, and the inclination at thofe times will
be thus found, Fence it will appear, that the inclination
of the orbit to the ecliptic is variable, as we have already

" ftated, the leaft inclination occurring when the nodes are
in quadratures, and the greateft when they are in fyzygies.
T'his inclination partly depends upon the {un’s diftance from
the earth. As the axis of the moon is nearly perpendicular
to the plane of the ecliptic, this planet has fcarcely any
difference of feafons. The place of the moon’s nodes may
be determined in the manner {tated under Nodes ; which fee.
To determine the mean motion of the nodes, find the place
of the nodes at different times, and thus will be obtained
their motion in the interval; aud the greater this interval,
the more accurate will be the refult.

The mean motion of the moon is found by obferving its
place at two different times, and thus we obtain the mean
motian in that iaterval, [uppofing that the moon has had
the fame fituation in refpedt to its apfides at each obfer-
vation ; if not, provided there be a great interval of the
time, it will be fufficiently exa&t., For determining this, we
muft compare together the maan's places, firft at a {mall inter-
val of time from each other, in order to get nearly the
mean time of a revolution ; and then at a greater interval, in
order to obtain it more exaétly. ‘The maon's place may be

determined dire@ly from obfervation, or dedvced from an
eclipfe. The mean time of a revolation of the moon was
found from ecliples at a diftant interval to be 27 72 43' 5",
which may be confidered as very exa@l. Hence, the mean
diurnal motion is 13° 1¢’ 35", and the mean hourly motian
32' 56" 27"%, M. de la Lande makesthe mean diurnal mo-
tion 13° 10' 35".02784394. This is the mean time of &
revolution in refpe@ to the eguinoxes. But, as the pre-
ceffion of the equinoxes is 5o .25 in a year, or about 4" ina
month, the mean revolution of the moon in teipe@ to the
fixed ftars muft be greater than that in refpe& to the
equinox, by the time which the moon takes to defcribe 4"
with its mean motion, i.e. about 4. Heace the time of a
fidereal revolution of the moon is 279 7" 43" 12",

The mean bordry motion of the nodes of the moon’s or-
bit in one fynodic revolution is equal o half their horary
motion when the moon is in fyzygies, whatever be the po-
fition of the nodes. When the nodes are in quadratures
and the moon is in fyzygies, their horary motion is 3242”5 ;
hence the mean horary motion of the nodes when in quadra.
tures is 16’ 21 34", in an elliptic orbit, and in a circular
orbit 16" 35 167" 36" The mean annual regreffion of
the nodes 1s 19> 23'. Allowing for the inclination of the
orbit, this motion will be about 4' lefs ; and we may,
therefore, {uppole the mean annnal motion to be 1¢° 19
Mzyer makes the mean annual motion of the nodes to be
12Y 19’ 43".1.  The motion of the nodes is not affected by
the excentricity of the orbit, as fir Ifaac Newton fuppofed.

The motion of the apogee in one mean periodic revo-
lution of the moon is 3° 2/ 32".3916; hence, 279 71 43':
3659 6" g’ 1: 3° 2! 32'.3016 : 40° 40' 20" the mean pro-
greflive motion of the apogec in'a year. According to
Mayer’s Tables, it 13 40 41’ 33".

To determine the mean motion of the apogee, find its
place at different times, and compare the difierence of the
places with the interval of the time that bad elapled between
them, For this purpofe, compare, fi-lt, obfervations at a
{mal] diftance from each other, in order to prevent being
deceived in a whole revolution, and then we may compare
thofe at a greater diftance. The mean annual motion of
the apogee in a year of 365 days, is thus found to be 40
39' 50", accerding to Mayer. Horrox, long age, from
obferving the diameter of the moon, found the apogee fub.
je@ to an annual equation of 12°.5. The following table
fhews the times of the revolutions of the moon, of its apogee
and nodes, a3 determined by M. de la Lande.

Tropical revolution « - 279 7P 43" 4".679%

Sidereal revolution - - 27 7 43 11.5259
Synodic revolution - - 29 12 44 2.8283
Anomaliftic revolution - 27 13 18 33.9499

Revolution in refpeét to the 37§ 5 35.603

node - N :
Tropical revolution of th ;
r:lgczeretoulq_no k e} 8311 8 34 57.6177

Sidereal revolution of the

apogee - - } 8 312 11 11 39-4089

T\:)ol:ggal reielutlo:l of Ehe} 18 228 4 52 52.0205
Sidereal revolution of thel 15 425 5 13 17.744

Diurnal motion of the mdon s
in refpe& to the equinox} - 13°10' 35702784304
Divrnal motion of the
apogee X _ } o 6 41.06981519%
Diurnal motion of the node - 0 3 10.638603696
The years here taken are the common years of 365 days,
A TasLe
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A TasLe of the great Equation of the Moon's Apogee, and of the Excentricity of its Orbit,

Sig. 0. VL. 4 Sig. L. VIIL. 4 Sig. II. VIIIL 4.
Excentricity Excentricity Excentricity
Ann. | Equation of of the Equation of of the Equation of of the | Ann
Arg. | D’ Apogee.] Moon's D’s Apogee. Moon’s | »’s Apogee. | Moon's | Arg.
g Orbit. Orbit. Orbir.

Deg. | 8. M. 5. D, M, S De M. S, Deg.
o c o © 066777 9 27 §7 001754 11 40 © 050224 30
1 o 21 4 06677% G 42 12 ©61434 11 30 39 040838 29
2] o4z 8 066754 g 55 58 .061107 11 20 14 ‘045457 28
3 T 3 1o 060724 10 g 14 1060772 11 8 44 046082 27
4 I24 @ 066683 10 21 58 060429 1o 56 8 048714 26
5 145 § .aG6630 10 34 9 060080 10 42 26 048354 25
6 2 547 066566 10 45 47 059728 1o 27 38 048001 24
4 2 20 44 066489 10 §6 49 059363 10 11 4§ 047656 23
8 2 47 53 0066402 1r 7 1% 058995 9 54 47 047321 22
9 3 & o 066302 1y 4 038621 9 36 44 046995 a1
1o 3 28 27 066192 1t 26 14 058243 . | . 9 17 37 046659 20
1 3 45 46 066970 11 34 43 057860 8 57 23 046374 19
12 4 855 065636 11 42 3I 057472 8 36 11 046081 18
13 4 28 54 00572 11 49 36 057080 8 13 56 .045800 17
14 4 438 42 065636 £1.55 57 056684 7 50 42 045531 16
13 5§ 819 065469 12 133 056285 7 26 29 045273 g
16 § 27 43 065292 12 6 22 055884 7 121 045033 i4
17 | 54653 | -o65103 1z 10 23 | 055479 6 35 19 | .044805 13
18 6 5 48 064905 12 13 3§ 055073 6 8 26 044592 1%
19 6 24 27 064095 12 15 §6 054666 5 40 4§ 044304 1n
20 6 42 50 064476 12 17 24 054257 5 12 18 034212 10
21 7 0356 064246 12 17 59 053848 4 43 10 044046 9
22 v 18 44 2064000 1z 17 40 .053438 413 23 043896 8
23 7 36 12 063757 12 16 23 .0§3C30 343 1 1043763 %
24 7 53 20 063498 12 14 13 052622 - 312 9 043647 6
25 810 6 003230 12 1Y 2 052215 2 40 49 043548 5
26 8 26 29 062952 12 6 52-| .e51811 2 9 7 043467 4
27 ] 8422 1062665 12 1 42 .05 1400 137 6 043404 3
28 8 58 3 062370 11 §5 3 +051010 1452 +043359 2
29 9 13 Ig 062066 11 48 17 050615 o 32 28 0433332 1
30 9 27 57 001754 It 40 © 050224 o o © 043323 o
Sig. V. XI. ~- Sig. IV, X, ~ Sig. I1I. IX, -~

N B. The preceding table is taken from Dr. Halley’s « Aftronomical Tubles;?’ the argument, qa!led the « aanual
argument,” is the diltance of the fun from the mnean place of the apogee correted by it annual eqration,

H » The
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"The full moon appears to the naked eye broader than a cir-

‘cular objeé& fubtending an equal angle {een by perfe& vifion.
"In amoon of three or four days old, the illuminated part
appears too broad, in proportion to the obfcure part, and
likewife feems to extend more outwards, or to have a greater
diameter than the obfcure part. Alfo, in an eclipfe of the
fun or moon, the bright part appears too broad in propor-
tion to the dark part, and the eclipfe appears lefs than it
really is.

This obfervation was made by Horrox, and is accounted
for by Dr. Jurin, in his Effay upon diftin& and indiftinét
Vifion. Appendix to Smith’sOptics. See Phafesof the MooN.

MoonN, Phenomena of the. The different appearances of
the moon are very numerous ; fometimes fhe is increafing,
then waning ; fometimes horned, then femicircular; fome-
times gibbous, then full and round.

Sometimes, again, {he illumines us the whole night ; fome-
times only a part of it ; fometimes fhe is found in the fouth.
ern hemifphere, fometimes in the northern ; all which varia-
tions having been firft obferved by Endymion, an ancient
Grecian, who watched her motions, fhe was fabled to have
fallen in love with him,

The fource of moft of thefe appearances is, that tbe
moon is a dark, opaque, and {pherical body, and only fhines
with the light fhe receijves from the fun; whence only that
half turned towards him, at any inftant, can be illuminated,
the oppofite half remaining in its native darknefs. The face
of the moon vifible on our earth, is that part of her body
turned towards the earth ; whence according to the various
pofitions of the moon with regard to the fun and earth, we
obferve different degrees of illumination ; fometimes a large,
and fometimes a lefs portion of the enlightened furface being
vifible.

If we look at the moon with an ordinary telefcope, we fhall
perceive that her furface is diverfified with long trads of
mountains and cavities 3 this ruggednefs of the moon’s fur-
face is of great ufetd us, by refle€ting the fun’s light to all
fides ; for if the moon were {mooth and polithed like a look-
ing-glafs, or covered with water, fhe could never diftribute
the fun’s light all round ; only in fome pofitions the would
fthew us his 1mage, no bigger than a point, but with fuch a
luftre as would be hurtful to our eyes. The moon’s furface
being fo uneven, many have been furprifed that her edge
fhould not appear jagged, as well as the curve bounding the
hght and dark l]aces. But if we confider, that what we
«all the edge of the moon’s dife, is not a fingle line fet round
with mountains, in which cafe it would appear irregularly in-
dented, but a large zone, having many mountains lying be-
hind one another from the obferver’s eye, we fhall find that
the mountains in fome rows will be oppofite to the vales in
others; and fo fill up the inequalities as to make her appear
quite round j—juft as when one looks at an orange, although
its roughnefs be very difcernible on the fide next the eye,
efpecially if the fun or a candle thines obliquely on that fide,
yet the line terminating the vifible part ftill appears fmooth
and even. If the moon have no atmofphere, the lunar in-
habitants muft have an immediate tranfition from the brighteft
funfhine to the blackeft darknefs’; and thus muft be totally
deftitute of the benefit of twilight. See the fequel of this
article.

Moon, Phafes of the. To conceive the lunar phafes, let
8 (Plate XVI1I1. Afrouomy, fig. 5.) reprefent the fun, T
the earth, R T S a portion of the earth’s orbit, and
ABCDEFG the orbit of the moon, in which fhe re-
volves round the earth in the fpace of a month, advancing
from weft to eaft : conne@ the centres of the funand moon

14
by the right line S L, and through the centre of the moon
imagine a plane M L N to pafs perpendicular to theline S L ;
the feGtion of that plane, with the furface of the moon,
will give the line that bounds light and darknefs, and fe-
parates the illumined face from the dark one. -

Conneét the centres of the earth and moon by T L, per-
pendicular to a plane P L, O, paffing through the centre of the
moon : that plane will give on the furface of the moon the
circle that diftinguithes the vifible hemifphere, or that towards
us, from the invifible one, and therefore called ke circle of wifion.
Whence it appears, that whenever the moon is in A, the
circle bounding light and darknefs, and the circle of vifion
coincide ; fo that all the illuminated face of the moon will be
turned towards the earth : in which cafe the moon is, with
refpeét to us, full, and fhines the whole night : with refpe&
to the fun, fhe is in oppofition ; becaufe the fun and moon
are tlen feen in oppofite parts of the heavens, the one rifing
when the other fets. But it is to be obferved, that the moon’s
difc is not perfecily round when fhe is full, in the higheft or
loweft part of her orbit, becaufe we have not a full view of
her enlightened fide at the time. When full, in the higheft
part of her orbit, a {fmall deficiency appears on her lower
edge: and the contrary when full in the loweft part of her
orbit.

When the moon arrives at B, the whole illuminated difc
M P N is not turned towards the earth ; fo that the vifible
illumination will be (hort of a circle ; and the moon will ap-
pear gibbous, asin B.

When fhe reaches C, where the angle C'T Sis nearly
right, there only one-half of the illumined difc is turned to-
wards the earth, and then we obferve a half moon, as in C;
and fhe is faid to be dichotomized, or bifeled.

In this fituation, the fun and moon are a fourth part of a
circle removed from each other ; and the moon is faid to be
in a quadrate afped, or to be in her guadrature. -

The moon arriving at D, only a {mall part of the llumin-
ed face M P N is turned towards the earth : for which rea-
fon the {mall part that fhines upon us will be feen falcated,
or bent inte narrow angles, or horns, asin D.

The inclination of that part of the ecliptic to the horizon,
in which the moon is at any time when horned, may be known
by the pofition of her horns; for a right line touching their
points is perpendicular to the ecliptic. And as the angle,
which the moon’s orbit makes with the ecliptic, can never
raife her above, nor deprefs her below the ecliptic, more than
two minutes of a degree, as feen from the fun; it can have
no fenfible effeét upon the pofition of her horns. Fherefore,
if a quadrant be held up, fo that one of its edges may be
feen to touch the moon’s horns, the graduated fide being
kept towards the eye, and as far from the eye as it can be
conveniently held, the arc between the plumb-line and the
edge of the quadrant, which feems to touch the moon’s
horns, will fhew the inclination of that part of the ecliptic
to the horizon. And the arc, between the other edge of
the quadrant and the plumb.-line, will fhew the inclination of
a line touching the moon’s horns to the horizon.

At laft, the moon arriving at E, fhews no part of her illu-
mined face at all to the earth, as in E ; this pofition we call
the news moon, and fhe is then faid to be in conjun&ion with
the fun ; the fun and moon being in the fame point of the
ecliptic.

As the moon advances towards F, fhe refumes her horns :
and as before the new moon the horns were turned weftward,
fo now they change their pofition, and look eaftward : when
the comes to G, fhe is again in a quadrate afpe&t with the fun 3
in H fhe is gibbous ; and in A fhe is again full,

Here
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Here the arc E L, or the angle S T L, contained under
lines drawn from, the centres of the fun and moon to that of
the earth, is called the elongation of the moon from the fun :
and the arc M O, which is the portion of the illumined cir-
cle M O N, that is turned towards us, and which is the
meafure of the arigle that the circle bounding light and dark-
nefs, and the circle of vifion, make with: each other, is every
where nearly fimilar to the arc of elongation E L ; or,
which is the fame thing, the angle S T' L 1s nearly equal to
the angle M L O : asis demonftrated by geometers.

To delineate the Moon's Phafes for any Time.—Let the cir-
cle C O B P (. 6.) reprefent the moon’s difc turned to-
wards the earth, and let O P be the line in which the femi-
circle O C P is proje&ed, which fuppofe cut at right angles
by the diameter B C ; then making L P the radius, take
L Fequal to the co-fine of the elongation of the moon; and
upon BC, as the greater axis, and L. F the lefs, defcribe
the femi-ellipfis B F C; this ellipfis will cut off from the
moon's difc the portion B F C P, of the illumined face vifi-
ble on the earth. In other words, the vifible illumined part
varies as F P, the verfed fine of elongation ; and we fhall
have the vifible illumined part to the whole, as the verfed
fine of elongation is to the diameter.

As the mopn illumines the earth by a light refleted from
the fun, fo fhe is regiprocally illumined by the earth, which
refle@ts the fun’s rays to the furface of the moon, and that
much more abundantly than fhe receives them from the
moon. For the furface of the earth is above thirteen times
greater than that of the moon; and, therefore, fuppofing
the texture of each body alike as to the power of refle&ting,
the earth muft return thirteen times morelight to the moon
than fhe receives from it. In new moons, the illumined fide
of the earthis turned fully towards the moon, and will, there-
fore, at that time, illumine the dark fide of the moon ; and
then the lunar inhabitants (if fuch there be) will have a full
earth, as we, in a {imilar pofition, have a full moon: and
hence arifes that dim light obferved in the old and new
moons ; by which, befides the bright horns, we perceive
fomewhat more of her body behind them, though very ob-
fcurely.

It 1s well known, that when the moon is abput three or
four days old, the part of her difc which is not enlightened
by the fun appears to an obferver, in {erene weather, to be
faintly illummated by light refleed from the earth; and
the horns of the enlightened part feem to proje& beyond
the old moon, as if they were part of a {phere confiderably
larger in diameter than the unenlightened part. This phe-
nomenon is vulgarly called ¢ the old moon in the new
moon’s arms.”” For the explication of this phepomenon,
Dr. Jurin, in his ¢ Effay on diftin& and indiftin& Vifion,””
(Smith’s Optics, vol. . Rem. p. 113.), fuppofes, that
the eye cannot accommodate itfelf, with fufficient diftin&-
nefs, to view objeéts at fuch a diftance as the moon. Hence
it happens, that the pencils of rays unite before they reach
the retina, and form an indiftin& and enlarged image of
the moon. Nothing can be more demounftrable than this
principle ; and it may be evinced by the fimple experiment
of looking at the figure of the moon cut out of white paper,
and placed upon a dark ground ; for when this luminous
body is covered, either at a diftance too remote, or too
near, for perfe& vifion, its image upon the retina will be
enlarged, and the illuminated part will encroach upon that
which is obfcure, and appear to embrace it, in the fame
manner as it is feen in the heavens.

That the illuminated portion of the moon’s ‘difc, when
fhe is three or four days old, receives its light from the

earth, which will then appear to the lunar inhabitants, like
a full moon, is univerfally allowed; and as the age of
the' moon increafes, this fecondary light is gradually en-
feebled, partly on account of the diminution of the lumi-
nous part of the earth, and partly by the increafe of the
enlightened part of the moon. This fecondary light,
which ir favourable circumftances has been oblerved, even
when the moon was nine days and fourteen hours old, has
been afcribed by Riccioli, and more lately by profeffor
Leflie (Inquiry into the Nature and Propagation of Heat),
to the fuppofed phofphorency of the moon. Upon this
hypethefis Leflie explains the thread of light, or lucid bow,
that feems to connett the two horns of the moon. After
emerging from conjunétion with the fun, fays this ingenious
philofopher, her fharp horns are feen, conneéted by a filver
thread, or lucid bow, which completes the circle; and a
faint light feems to be fuffufed over the included fpace.
This bright arc, however, becomes always lefs vivid;
aud before the moon is five or fix days old, it has almoit
totally vanithed. The pale outline of the old moon is
commonly afcribed to the refle€tion, or fecondary illumina-
tion upon the earth. But if it were derived from that
fource, it would appear denfeft near the centre, and gra-
dually more dilute towards the ed§e. “ I fhould rather
refer it,”” fays our author, ¢ to the {pontaneous light which
the moon may continue to emit for {fome time after the phof-
phorefcent fubftance has been exeited by the aétion of the
folar beams. The lunar difc is vifible, although com-
pletely covered by the fhadow of the earth; nor can this
fa& be explained by the infle€tion of the fun’s rays in pafl-
ing through our atmofphere; for why does the rim appear
fo brilliant? Any fuch infleGion could only produce a
diffufe light, obfcurely tinging the boundaries of the lunar
orb; and in this cafe the earth, prefenting its dark fide to
the moon, would have no pewer to heighten the effe¢t by
refleGtion. But even when this refletion is greateft about
the time of conjuné&ion, its influence feems extremely feeble.
The lucid bounding arc is occafioned by the narrow Junula,
which, having recently felt the folar impreffion, ftill con-
tinues to fhine, and, from its extreme obliquity, glows with
concentrated effe&t.”” Dr. Brewfter, diflatisfied with the
profeflor’s explanation of the phenomenon above ftated, pro-
pofes another, which, ia his opinion, is fo fimple and con-
vincing, as to claim an implicit reception. By looking at
any map of the moon, which exhibits even a tolerable re-
prefentation of the lunar furface, we fhall find that the
eaftern limb of the moon is feparated from the central parts
of her difc by darker regions, and that the luminous portion,
comprehended between thefe darker regions and the cir-
cular line which bounds her eaftern limb, has altually the
form of a bow, which is broadeft towards her fouthern
limb, and gradually diminifhes in breadth towards her
northern horn. The immediate caufe, therefore, of the
lucid bow is to be fought for in the accidentai circumftance
of the moon’s eaftern limb being more luminous than the
adjacent regions towards the centre. The central parts of
the moon, indeed, are equally luminous with her eaftern
limb ; but their brilliancy is impaired by their proximity to
the illuminated portion. It is obvious, that this explana-
tion of the phenomenon may be equally juft, whether the
fecondary light of the moon is caufed by phofphorence or by
refleftion from the earth, Brewfter’s edition of Fergufon’s
Aftronomy, vol. ii. But to return from this digreflion to
the farther progrefs of the meon in her orbit.

When the moon comes to be in oppofition to the fun,

the earth, feen from the moon, will appear in conjunc-
9 tion
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tion with him, and jts dark fide will be torned towards the
moon ; in which pafition the earth will difappear to the
moon as that does to us at the time of the new moon, or in
‘her conjunétion with the fun. After this, the lunar inhabit.
ants wiill {ee the earth in an horned figure. In fine, the earth
will prefent all the fame phafes to the moon, as the moon
does to the earth. But from one-half of the moon, the
earth i never feen at all ; from the middle of the other half
1t is alwaysfeen over head, turning round almot thirty times
as quick as the moon does. Trom the circle winch limits
our view of the moon, only one-half of the eart®’s fide next
her is feen ; the other halt hefng hid below the horizon of
all places on that circle. To her the earth feems to be the
‘biggeft body in the univerfe 5 for it appears thirteen times as
big as fhe does tous.  As the earth turns round its axis, the
feveral continents, feas, and iflands appear to the moon’s in.
-habitants like fo many {pots of different forms and bright-
nefs, moving over its furface ; but mueh fainter at fome times
than others, as our clouds cover or leave them. DBy thefe
1pots, the Lunarians can determine the time of the earth’s
dirnal motion, juft as we do the motion of the fun; and
perhaps they mealure their time by the motion of the eartl’s
{pots; for they cannot have a truer dial,

Dr. Hooke, accounting for the reafon why the moon's
light affords no vifible heat, obferves that the quantity of
light, wiich fails on the hemifphere of the full moon, is
rarefied into a {phere 288 times greater in diameter than the
moon, before it arrives at us; and, confequeatly, that the
moon’s light is 104,368 times weaker than that of the fun,
It would, therefore, requive 104,368 full moons to give a
light and heat equal to that of the f{un at roon. The light
of the moon, condenfed by the beft mirrors, produces no {en-

-fible heat upon the thermometer.

33r. Bmith has endeavoured to fhew, ir: his book en Optics,
that the hight of the full moon 1s but equal toa gegoodth
part of the .common light of the day, when the funis hid-
den by a eloud. For other obfervations on this fubjest, fee
Lient,

Moox, Courfe and Motion of the. Though the moon
finithes its courfe in 299 7" 437 ¢7, which interval we
call a periodical month, yet {he 15 longer in pafling from
oue conjunéiion to another ; which fpace we call a_fynodical
month; or a Junation. The reafon is, that while the moon
19 performing its courfe round the earth in its own orbit, the
earth and moon are makiag their progrefs round the funy
and both are advanced atmolt a whole fign towards the ealt ;
fo that the point of the orbit, which in the former pofition
was in a right bine pafling through the eentres of the earth
and fun, is now more welterly than the fun; and, therefore,
when the moon is arrived agan at that point, it will not yet
be feen in conjun&ion with the fan; nor will the lunation
be completed in lefs than 29 days and a half, or 2g¢ 125
44" 2" 8.

The moon’s periodical and {ynodical revolution may be
fanuliarly reprefented by the motions of the hour agd mi-
nute hande of a watch round its dial-plate, which is divided
Intu 12 equal parts or hours, as the ecliptic ie divided into
12 figus, and the year into 12 months.

Let us fuppofe thefe 12 hours to be 12 figns, the hour.
hasd the {un, and the minute.hand the moon; then the
former will go round once in a year, and the latter once in
a month ; but the moon, or minnte-hand, muft go more
than rcund from any point of the circle where it was laft
conjoined with the fun, or hour-hand, to overtake it again;
for the hour-band being in motion, can never be overtaken
by the minute-hand at that point from which they ftarted at

their faft conjun&tion. The firlt column of the ornexed
table fhews the number of conjunétions which the hour and
minute-hand make whilft the hour-hand goes once round the
dial-plate ; and the other columns fhew the times when the
two hands meet at each conjun@ion. Thus, {uppofe the
two hands to be in conjunétion at XII, as they always are;
theq, at the firft following conjunion it is § minutes 27
feconds 16 thirds 21 fourths 49/ fifths paft I, where they
meet g 2t the fecond conjun&ion it is 1o minutes 54 feconds
32 thirds 43 fourths 38 2 fitths paft II; and fo on. This,
though an eafy iluftration of the motions of the fur and
moon, is not precife as to the times of their conjunéions ;
becaufe, while the fun goes round the ecliptic, the moon
soakes 124 conjunétions with him ; but the minute.hand of
a watch-or clock makes only 11 conjuntions with the hour-
hand in one period round the dial-plate. But if, inftead of
the common wheel-work at the back of the dial.plate, the
axis of the minute-hand had a pimon of 6 leaves turmag a
wheel of 74, and this lalt turcing the hour-hand, in every
revolution it makes round the dial-plate, the minute.hand
would make 123 conjunélions with it; and {o would be a
pretry device for thewing the motions of the {un and moon;
efpecially as the flowelt moving hand might have a little
fun fixed on its point, and the quickeft a little moon.

Conj. H. M. s. " P i;'S. ;
I I $ 27 16 2t | 49/ -
2 11 10§ 54 | 32 | 43 j38%
3 I 16 21 49 5 1270
4 v 21 | 49 5 | 27 ] 164
5 Voob o2z | to b oar 49 1 5k
6 ¢ VI 32 43 | 38 | 10 |54
7 4 VII ) 38 | o | 54 f 32 {437
8 j VIII 43 38 10 54 | 32
g | IX 49 5| a7 | 16 |21

10 X 54 | 32 | 43 | 38 |1ofy
11 X1{ o o o o o

Were the plane of the moon’s orbit eoincident with the
plane of the ecliptic, i. e. were the eatth and moon both
moved in the {ame plare, the moun’s way in the heavens,
viewed from the earth, would appear juft the fame with that
of the fun ; with this only differeénce, that the {un would be
found to defcribe his circle in the {pace of a year, and the
moon her's in a month, But this is not the cale; for the
orbits of the two planets cut each other in aright line, paffing
through the centre of the earth, and are inclined to each other
tn an angle of about five degrees eighteen minutes.

Suppofe, e.2. A B (fig. 7.) a portion of the earth’s or-
bit, 1" the earth, and C £ D F the moon’s orbit, in which
is the centre of the earth; from the fame centre T, in the
plane of the ecliptic, defcribe another circle CGD H,
whofe femi-diameter is equal to that of the moon’s orbit,
Now thefe two circles, being in feparate planes, and havin
the fame centre, will interfeét each other in a line D,
pafiog through the centre of the earth. Conlequently,
CED, one-kalf of the orbit of the moon, will be raifed
above the plane of the circle C.G H, towards the north
and D FC, the other half, will be funk below towards the
fouth, The right line D C, in which the two circles in.
terfe& each other, is called tde fine of the node:, and the
points of the angles C and D, the nodss: of which that
where the moon afcends above the planc of the ecliptic,
northwards, is called the afecnding node, and the head of the
dragon ; and the other D, the defeending node, and the dragon’s

1 tail ;
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tail; and the interval of time between the moon's going
from the afcending node, and reterning to it, a dracontic
- month.

If the line of the nodes were immoveable, that is, if jt
had no other motion but that by which it is carried round
the fun, it would fill look towards the fame point of the
ecliptic ; 4. ¢, it wounld always keep parallel to itfelf ; but it
is found by obfervation, that the line of the nodes con-
ftantly changes place, and fhifts in fitvation from eaft to
weft, contrary-to the order of the figns; and, by a retro-
grade motion, finithes its circnit in about nineteen years; in
which time each of the nodes returns to that point of the
ecliptic whence it before receded.

Hence it follows, that the moon is never precifelv in the
ecliptic, but twice each period ; viz. when fhe is in the
nodes. Throughout the reft of her courfe the deviates
from it, being nearer or farther from the ecliptic, as the is
nearer or farther from the nodes. In the pomts F and E
fhe is at her greateft diftance from the nodes; which points
are therefore called her limits of north and fouth latitude.

The moon’s diftance from the nodes, or rather from the
ecliptic, is called her latitude, which is meafured by an arc
of a circle drawn through the moon, perpendicular to the
ecliptic, and intercepted between the moon and the ecliptic.

The moon's latitude, when at the greatelt, as in E or F,’

never exceeds § degrees and about 18 minutes ;. which latt.
tude is the meafure of the angles at the nodes.

1t appears by obfervation, that the moon’s diftance from
the earth is continually changing; and that the is always
either drawing nearer, or going farther from wus. The
reafon is, that the moon does not move i a circular orbit,
which has the earth for its centre; but in an elliptic orbit
(as reprefented in fig. 8.), one of whofe foci is the centre of
the earth : A P reprefents the greater axis of the ellipfis,
and the line of the aphdes; and T C the excentricity ; the
point A, which is the higheft apfis, s called the gpagee of
the moon; and P, the lower apfis, is the moon’s perigee, or
the point in which the comes neareft the earth,

Befides, there is ycafon to believe, that the moon is fome-
what nearer the earth now than lhe was formerly; her
periodical month heing fhorter than it was in former ages.
For our aftronomical tabies, which in the prefent age fhew
the time of folar and lunar eclipfes to great precilion, do
not anfiver fo well for ancient eghipfes. :

The fpace of time in which the moon, going from the
apogee, returns to it again, is called the anomaliffic month.

If the moon’s orbit bad no other motion but that with
which it is carried round the fun, it would ftill retain a po-
fition parallel to itfelf, and always point the fame way, and
be obferved in the fame point of the ecliptic; but the line
of the apfides is likewife obferved to be moveable, and to
have ar angular motion round the earth, from welt to eaft,
according to_the order of the figns, returning to the fame
fituation in the {pace ot about mne years,

The irregularities of the movn’s motion, and that of her
orbit, are very confiderable. For, 1. When the earth is in
her aphelion, the moon is in her aphelion likewife ; in which
cafe fhe quickens her pace, and performs her circuit in a
fhorter time: on the contrary, when the earth is in its peri-
helion, the moon is fo too, and then fhe flackens her motion::
and thus fhe revolves round the earth, in a fhorter fpace,
when the earth is in her aphelion than when in her peribe-
bion ; fo that the periodical months are not all equal.

2. When the moon is in her {yzygies, i ¢, in the line that
joins the centres of the earth and fun, which is either in her

conjunétion or oppofition, fhe moves fwifter, ceteris paribus,
than when in the quadratures,

3. According to the different diftances of the moon from-
the fyzygies, 7. . from oppofition to conjunétion, the changes:
her motion : in the firft quarter, that is, from the conjunc.
tion to her firit quadrature, the abates fomewhat of her
velocity ; which in the fecond quarter fhe recovers; in the
third quarter fhe again lofes; and in the laft fhe again re.
covers, Hence the areas defcribed are accelerated and re.
tarded ; and the mean place differs from the true. 'This in-
equality was firft difcovered by Tycho Brahe, who called it
the moon’s wariation. At differsnt diftances of the earth
from the fun, the difturbing forces vary, and, therefore, the
equation, called the ¢ variation,” being firlk calculated for
the mean diftance of the earth from the fun, will be fubjeét
to a variation from the variation of that difiance ; and hence
fome new equations will arife.

4. The moon moves in an ellipfts, one of whofe foci is in
the centre of the earth, round which fhe deferibes areas pro.

ortionable to the times, as the primary planets do round the-
Fun; whence the motion in her perigee muft be quickeft,
and it muft be flowelt in the apogee. )

5. The very orbit of the moon is changeable, and does
not always preferve the fame figure; its excentricity being
fornetimes increafed, and fometimes diminithed: it is greateft,
when the line of the apfides coincides with that of the fyzy-
gies ; and lealt, when the line of the apfides cuts the other
at right angles.

The moon's orbit being dilated: or contralted as the earth
appreaches to or recedes from the fun, its motion will ac-
cordingly be diminithed or increafed; and hence arifes an
annual equation, affigning the difference between the mean:
motion at the mean diftance of the earth from the fun, and
the mezn motion at any other diftance of the fun. The va.
riation depending on the true diltance of the fun from the
moon, will produce feveral other equations, arifing from the
different corre&ions that are made. The change of the ex-
centricity caufes a change of the eguation of the centre, called
the evedion, and heace new equations muft be applied. See
thefe terms refpe&ively and ExcENTRICITY.

6. Nor is the apogee of the moon without an irregularity;
being found to move forward, when it coincides with the
line of the fyzygies; and backward, when it cuts that line
at right angles. Nor are this progrefs and regrefs in any
meafure equal ; in the conjunion or oppofition, it goes
briflsy forward; and in the guadratures it moves either
flowly forward, ftands {ill, or goes backwards. Upon the
whole, however, the motion 0% the apogee 18 progreffive.
Hence arifes an equation of the motion of the apogee, which
depends upon its diftance from the funj and there is alfo a
{maller annval equation, arifing from the difturbing forces
being different at different times of the year.

7. The motion of the nodes is not uniform ; but when
the line cf the nodes coincides with that of the fyzygies at
right angles, they go backward, from eaft to weft; and
this, fir Ifaac Newton fhews, is at the rate of 16" 1¢'
24" in an hour. Sce the preceding part of this article,
and Nopss. e

The only equable motion the moon has, is that with which
fhe turns round her axis exaélly in the fame fpace of time
in which fhe revolves round us in'her orbit; whence it hap-
pens, that fhe always turns the fame face towards us.

Tor as the moon’s motion round ita axis is equal, and yet
its motion, og velocity, in its orbit, is unequal, it follows,
that when the moon is in its perigee, where it moves {wifteft
in its orbit, that part of ita furface, which, on account of

ns
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its motion in the erbit, would be turned from the earth, is

. not fo entirely ; by reafon of its motion round its axis.

Thus fome parts in the limb or margin of the moen, fome-
times recede from the centre of the difc, and fometimes ap-
proach towards it ; and fome parts, that were before invi-
fible, become confpicuous; which is called the moon’s /-
bration. .

" Yet this equability of rotation occafions an apparent irre-
gularity ; for the axis of the moon not being perpendicular
to the plane of her orbit, but a little inclined to it ; and this
axis, maintaining its parallelifm, in its motion round the
earth; it muft neceffarily change its fituation, in refpe& of
an obferver on the earth ; to whom fometimes the ene, and
fometimes the other pole of the moon becomes vifible ;
whence it appears to have a kind of wavering, or vacillation.
See LieraTION.

The irregularities above enumerated, and fome others of a
fimilar kind, have been urged as objections to the Newtonian
theory of gravity, though they were anticipated by the il
luftrious author, who not only evinced their confiftency with
it, but fuggefted the explication of them which might be de-
duced from that theory, properly underftood and applied.
Sir Ifaac Newton haviug found, in the manner which we fhall
prefently explain, that the moon was retained in its orbit by
a force, which, at different diftances from the earth, varied
inverfely as the fquares of the diftances, and concluding
from analogy that the fame law of attraction might take
place between all the bodies in the f{yftem, applied this
theory to compute the effe& of the {un’s attraGion upon
the earth and moon, fo far as it might affe& the relative fitu-
ation of the latter as feen from the former ; and hence he
difcovered, befides the irregularities already mentioned, other
{maller inequalities of the moon’s motion, which were alfo
found to agree with obfervations. From this, and other
applications-of his theory, he was confirmed in his conjeétures
concerning the principle of univerfal gravitation ; and the
farther inveftigation of the-fame principle, and the difcovery
that it produced conclufions conformable to obfervation,
ferved firmly to eftablith his theory.” M. Clairaut, indeed,
in the year 1747, publithed a memoir which was read before
the Acadenty of Sciences at Paris, and urged as an obje¢tion
againft it, that it would not account for the motion of the
moon’s apogee, but that this motion, deduced from it by
his calculations, was only one-half of what it was found to be
by obfervations. But foon after difcovering his miftake,
and pofleffing candour enough to acknowledge it, he was
the firft who gavea complete theory of the meon, in which
he fhewed that fir I. Newton’s law of gravity would not
only account for the motion of the meon’s apogee, but alfo
for all the other irregularities of the moon. M. Euler alfo
retracted*his own erroneus opinion, in deference to the judg-
ment of M. Clairaut ; and concurs with him in doing ample
juftice to the Newtonian theory. ¢ After moft tedious cal-
culations,” fays Euler, ¢ I have at length found, to my fa-
tisfa&tion, that M. Clairaut wasin the right, and that this the-
ory is entirely fufficient to explain the motion of the apogee of
the moon. As this enquiry is of the greateft difficulty, and gs
thofe, who hitherto pretended to have proved this nice agree-
ment of the theory with the truth, have been much deceived,
it is to M. Clairaut that we are obliged for this important
dif{covery, which gives quite a new luftre to the theory of the
GreaT NEwroNn; and 1t is but now that we can expe& good
aftronomical tables of the moon.”” Others, and particularly
Mr. Machin and M. Frif2, have profecuted a fimilar inveftiga-
tion of this theory, and contributed to eftablifh it. What Euler
led aftronomers to expe&, they have now atually obtained

in Mayer’s tables;, as correted by Dr. Mafkelyne, which,
founded upon a very elegant theory conformable to ob-
fervations, are the moft corre®, and do not err more than
half a minute in longitude. See LonGITUDE and Luxar
Obfervations. '

Mooxn’s Motions, Plv_z/ftal Caufz of the. The moon, we
have obferved, moves round the earth by the fame laws,
and in the fame manner, as the earth and other: planets
move round the fun. The folution, therefore, of the lunar
motions, in general, comes under thofe of the earth and
other. planets. _

As for the particular irregularities in the moon’s motion,
to which the earth, and other planets, are not fubjed,
they arife from the fun, which aéts on, and difturbs her in
her ordinary courfe through her orbit; and are all mechani-
cally deducible from the fame great law by which her ge-
neral motion is dire@ed ; viz. the lw of gravitation and
attraion.

Other fecondary planets, @. g. the fatellites of Jupiter
and Saturn, are, doubtlefs, fubjeét to the like irregularities
with the moon ; as being expofed to the fame perturbating
or difturbing force of the fun; but their diftance fecures
them from our ob{ervation.

The laws of the feveral irregularities in the {yzygies,
quadratures, &c. fee under Syz¥GiEs, QUADRATURES,
&c. :

It would not be confiftent with the limits or nature of this
work to inveftigate, by tedions and elaborate procefles of an
analytical and geometrical kind, the various equations that
have been explored for the illuftration of thefe laws, and for
furnithing a complete theory of the moon. ~Much has been
done in this way by feveral learned mathematicians, and of
late by profeffor Vince, whe is eminently qualified for the un-
dertaking : and we fhall therefore refer the reader, who may
be defirous of farther information, and who has no accefs to
a variety of other publications, to the fecond volume of
Vince’s Complete Syftem of Aftronomy, chap. xxxii.

We fhall, however, in this place, introduce a general
view of the Newtonian theory of gravity, as it is applied to
the folution of the irregularities of the moon’s motion.

We bave already, under the article GraviTaTION, illuf.
trated and confirmed the Newtonian theory of gravity, as it
regards the moon and the other planets; but as the fubje&
is of importance, and as it is immediately conne&ed with
what follows, we fhall herf give a concife ftatement of the
leading faét by which the identity of the centripetal force,
as it refpets the moon, and that of gravity, was originally
explained and eftablifhed, referring for a more detailed ac-
count to the article juft cited,

It is well known, and univerfally allowed, that the planets
are retained in their orbits by fome power which is continu-
ally afing upon them s that this power is direted towards
the centres of their orbits ; that the efficacy of this power
increafes upon an approach to the centre, and diminithes by
its recefs from the fame ; and that it increafes according to
a certain law, viz. that of the {quares of the diftances, as the
diftance diminithes; and that diminifhes in the fame manner
as the diftance increafes. Now by comparing this centripe-
tal force of the planets with the force of gravity on earth,
they will be found perfeétly alike. This we fhall illuftrate in
the cafe of the moon, the neareft to us of all the planets.
The reétilinear {paces defcribed in any given time by a falling
body, urged by any powers, reckoning from the beginning of
its defcent, are proportionable to thofe powers. Confequently
the centripetal force of the moon, revolving in its orbit, wilt
be tothe force of gravity on the furface of the earth, as the

‘ fpace
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{pace which the moon would deferibe in' falling any litde
time, by her centripetal force towards the earth, if fhe had
na circular motion at all, to the fpace which a2 bedy near
the earth would deferibe in falling, by its gravity towards
the fame. By a very ealy and obvious calculation of thefe
two fpaces it will appear, thatthe firlt of them is to the fe-
cond, i, ¢ the centripetal force of the moon revclving in her
arbit is to the force of gravity on the {urface of the earth,
as the fquare of the earth’s femidiameter to the {quare of the
femidiameter of her orbit, whicli is the fame ratio as that of
the moon’s centriretal force ia her orbit to the fame force
near the furface of the earth.  "The moon’s centrivetal force
is, therefore, equal to the force of gravity. Thefe foress,
confequently, are not different, but they are one and the
fame ; for if they were different, bodies acted upon by the
two nowers conjointty, would fall towards the earth with a
velocity double to that arifing from the fole power of gravity.
It is evident, therefore, that the moon's centripetal force,
by which the is retatned in her orbit, and prevented from ram-
ing off intangents, is the very power of gravity of thé earth,
extended thither, This reafoning may be farther illultrated
ard confirmed in the following manner.  Let R A E (Plate
AVIL. Aftronomy, fig. g.) reprefen: the earth, T its centre,
V L the orbit of the moon, and L C a part of it defcribed by
the moon in a minute, which isequal.to ~-2;+ of the whole
periphery, ar 33 feconds of a degree ; begaule the moon
completes her whale courfe in 27 day:, f{even hours, 43 mi-
nutes, or in 393.43 minutes, Moreover, the circumference
of the earth, according to M, Picart’s menfuration, is
123249400 Paris feer, and therefore its {emidiameter 1' A
= 19615800 feet ; and T L, the femidiameter of the moon’s
orbit, will be 1176948000 feet, or == Go times I' A ; and
the verfed fine LD of the are L C == 33", computed by
means of tables, or BC, will be 15 ¢, feer, nealy: or
L D may be found without tables thus; the whole cir
cumference of the moop’s orbit, «r 6o x 1232496¢0, is
equal 10 7394976000, which divided by 39343, wili give the
are L C = 187961 feet; but by a well-known theorem in
geometry, fuppofing theare L C, which is a very fmall part
of the moow’s orbit, to be reilincar, LC-'= LD x

L C*  or the Gquare of 187061, which
ST OF the {quare of 187961, whic

1835329337521,dinded by 23538g6oco, will give 15.01 3, &e.
It may be here obferved, that a diftance of the moon {ome-
what greater than Go times the diameter of theearth would
afford a more exaét refult 3 and the force by which the
moen is reftramed inits orbit fhould alfo be increafed in the
proportion of 17725 to 178%2, iu order to have the exat
centripetal force of the moon, {uch as it would be undimi-
nithed by the aftion of the fun, and with this correétion the
above number 1§.¢13, Zc. will become 15.097, &e. or 154,
very nearly. (See Newton’s Principia, lib. i, prop. 45. cor. 2.
and lib. ui. prop. 3.) In cither way of caleulation it appears
that the force, by which the moon is drawn oft from the
tangent L B, or retained in its orbit, impels it towards the
cenere of the earth about 15 /4 Paris feet in one minute :
but this force, being known from the ellip:ic figure of her
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orbit to be reciproczlly proporiional to the fquare of the’

aiftance, would impel the moon, fuppofed to be at the fur.
fuce of the earth, through a fpace equal to 60 X 60 x 13 };
feet w one minute. But bodies, impelled by the force of
gravity, fall near the furface of the earth through the {pace
of 15 % Paris feet in one fecond, and the {paces being as the
{yuares of the times, through €0 x 60 x 5.} inaminute.
Confequently, as the force by which the moou isretained inits
orbit, and the force of gravity, produce the fame effeQs ia
Vo, XK1V, .

the fame circumftances, and tend towards the fame point,
they are the fame forces. 'The moon, therefore, gravitates
towards the earth, and the earth reciprocally towards the
moon ; and this law is further confirmed by the phenomena
of thetides. See Tipres.

‘The like reafoning might be applied to the other planets,
For, as the revolutions of the primary planets round the
{un, and thofe of the fatellites of Jupiter, Suaturn, and the
Georgium Sidus, round their primaries, are phenomena of
the fame kingd as the revolution of the moon round the earth ;
es the centripetal powers of the primary are direfted towards
the centre of the {un, and thofe of the fatellitea towards
the centres of their primaries s and, laltly, as all thefe
powers are reciprocally as the {quares of the diftances from
the centres ; it may fafely be concluded, that the power and
canfe are the fame in all. Therefore, as the mocn gravi
tates towards the earth, and the earth towards the moon, fo
do all the fecondaries to their refpetive primaries; the pri.
marics to their {econdaries; and {o do, alfo, the primaries
to the fun, and the fun to the primadies, §ec. Newton’s
Princ. lib. iil. prop. 4, 5, 6. Gregory’s Alt. lib. i, § 5.
prop. 46 and 47.

In faiving the irregularities of the moon's metion, agree.
ably to the theory of gravity, F1:ur‘|3viouﬂ}; eftablithed, it
mait fieft be confidered, that if the fuz a@led equally
on the ¢arth and moon, and always in parallel lires, thrs
aftion would ferve only to reitrain them in their annual mo-
tions round the {un, and no way affect their allions on each
other, or their motisns about their common centre of gra-
vity, But becaufe the moon is nearer tie fun, in one half of
her orbit, thau the earth is, and farther in the other half of
her orbit, and the power of gravity is always greater at a
lefs diltance, it follows, that, in one half of her orbit the
moon is more aitra¢ted than the earth towards the {:n, and
in the other half lefs attracted than the carth: and henceir-
regularities neceflarily arife in the motions of the moon ;
the excefs, in the firit cale, and the defe®, in the fecond, of
the ativaviion, becoming a force that difturbs her motion 3
and befides, he” action of the fun on the carth and mooo,
)s not directed in parallel lines, but in lines that meet ia the
cetitre of the {un, .

In ardec to underitand the effelts of thefe powers, let us
fuppofe that the projectife motions of the earth and moon
were deftroyed, and that they were allowed to falt freely
towards the {fun. If the moon was in conjunétion with the
fun, or in that part of her orbit which is neareft to him,
the moon would be more attradted than the carth, and fall
with greater velocity towards the fun; fo that the diftance
of the moon from the earth would be increafed in the fall,
1f the moon was in oppofition, or in the part of her orbit
which 15 fartheft from the fun, fhe would be lefs attradted
than the earth by the fun, and would fall with.lefs veiecity
towards the {un thban the earth, and the moon would he Jeft
behind by the earth; {o that the diftance of the moon from
the earth would be increafed, in this cafe alfo. If the
moon was in one of the quarters, then the earth and moon
beigg both attrafted towards the centre of the fun, they
would both diretly, defcend towards that centre, and, by
approaching to, the fame centre, they would neceflarily ap.
proach at the fame time to each other, and their diftance
from one another would be diminithed, in this cafe, Now, -
wherever the aGion of the fun wouid increafe their diftance,
if they were allowed to fall towards the fun, there we may
be fure the fun’s altion, by endeavouring to feparate them,
diminifhes their gravity to each other; wherever the ac-
tion of the {ur would diminifh their diltance, there the
fun’s adlion, by endeavouring to muke them appreach to
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one another; increafes their gravity to e;ch ct}}er: that is,
in the conjunlion and oppofition, their gravity towards
each other is diminifhed by the adtion of the fun; buc in
the two quarters it is increaled by the activn of the fun.
To prevent miftaking this matrer, it munit be remembered,
it is not the total aétion of the fon on them that difturbs
their motions, it is only that part of its attion, by which
it tends to feparate them, in the firft cafe, to a greater c_lzi'-
tance from cach other 3 and that part of its a&tion, by which
it tends to bring them nearer to each other, in the fecond
cafe, that has any efic&t on their motions, with ref)[ne& to

each othar. - The other, and the far more confiderable part,

has no other effeét but to retain them in their annual courfe,
which they perform together about the {un. .
In confdering, therefore, the effeéts of the fun’s aétion
on the motions of the earth and moon, with refpeét to
each other, we need only attend to the excefs of its aftion
on the moon above its action on the earth, ip their conjunc.
tion ; and 'we muft confider this excef§ as deawing the
moon from thg earth towards the fun in that place. In
the oppofition, we need only confider the excefs of the ac-
tion of the {an, on the earth, above its altion on the moon,

and we muft confider this excefs as drawing the moon from.

the earth, in this place, in a direltion oppofite to the
former, that is, towards the place oppofite to where the
fun is; becaufe we confider the earth as quiefcent, and refer
the motion, and all its irregnlarities to the moon. In the
quarters, we coniider the actions of the fun as adding
fomething to the gravity of the moon towards the earth.

Suppofe the moon fetting dut from the quarter that
precedes the conjunction, with a velocity that would make
her deferibe an exa®t circle round the earth, if the fun’s
adtion had no effe on her; and becaufe her gravity is in-
crealed by that action, the mult defcend towards the earth,
and move within that cirele : her orbit, there, will be more
carve than otherwife it would have been becaufe this ad-
dition to her gravity will make her fall farther at the end
of an arc below the tangeat drawn at the other end of it3
her motion will be accelerated by it, and will continue to
be acce'erated, till {he arrives at the enfuing conjuation ;
becaafe the direftion of the action of the fun upon her,
during thaj time, makes an acute angle with the dire&tion
of her motion. At the conjunttion, her ‘gravity towards
the earth being diminifhed by the aétion of the fun, her
orbit will be lefs curve there for that reafon; and fhe will
be carried farther from the earth, as fhe moves to the next
quarter ; and becaufe the ation of the fun makes then an
obtufe angle with the diretion of her motion, fhe will be
retarded by the fame degrees by which the was accelerated
before.

Thus fhe will defcend 2 little towards the earth, as the
moves from the firlt quarter towards the conjun@ion, and
afcend from it, as fie moves from the conjun&ion to the
mext quarter. 'The altion which difturbs ber motion will
have a like, and almoft equal effe@ upon her, while fhe
moves in the other half of her orbit, that is, that half of
it which is farthe® from the fun: fhe will proceed from the
quarter that follows the conjunttion with an accelerated
motion to the oppolition, approaching a little towards the
earth, becaufe of the addition made to her gravity, at that
quarter, from the aQion of the fun; and receding from it
" again, av fhe goes on frum the oppofition to the quarter,
from which we {uppofed. her to fet out: The arcas de-
{cribed in equal times, by a ray drawn from the moon to
the earth, wiil not be equal, but will be accelerated by the
confpiring aétion of the f{un, as fhe moves towards the con-
jua&tion or oppofition from the quarters that precede them &

and will be retarded by the {ame a&ion, 2s.fhe maves fronr
the conjunétion or oppofition to the quarters that fucceed
them. Newton has computed the quantities of thefe irre-
gularities from their canfes. He finds, that the force added
to the gravity of the moon, in her quarters, is to the gravity
with which fhe would revolve in z circle about the earth, at
her prefent mean dilance, if the fun had no effe on her,
as ¥to 17832, He finds the force fubdu®ed from her
gravity, in the co?un&ions and onpofitions, to be doubte ¢t
this quantity, and the area deferibed in a given time in the
quarters, to be to the area delcribed in the {ame time in the
conjunétions and oppofitions, as 10973 to 11073. He finds,
that in {och an orbit, her diftznce from the earth in her
quarters,“would be to her diftance in the conjun&ions and
oppofitions, as 70 to 6g. This is the variation of the form

_of the orbit anfing from the force of the fun, {uppofing

that the orbit would have been a circle without that difturb-
ing force, And as the orbit of the moon is an elliple,
having the earth in its focus, and approaching rearly to a
circle, the fame caufe muft produce very nearly the fame
effe& in the moon's orbit. Dr. Halley firlt took notice of
this contration of the lunar orbit in fyzygies, from the-
phenomena of the moon’s motion, and made the ratio of
the diameter a8 44.§ : 45.5, from obfervation,

From the alteration of the form of the orbit and fron:
the acceleration of the areas, there will arifc two correc-
tions to be applied to the mean motion of the maon, in
order to give the true motion ; and the joint effedt of thefe
two conititutes ar equatior, called the ¢ variation.”

As to the effeft of the a&ion of the fun on the nodes,
and, confequently, on the inclination of the moon's orbit
to the ecliptic, fee Nopks, and the preceding part of this
article.

Moreover, the aftion of the fun diminifhes the gravity
of the moon towards the earth, in the corjunétions and op-
pofitions, more than it adds to it?the quarters, and, by
dimini{bing the force, which retains the moor in her orbit,
increafes her diltance from the earth and her periodic time :.
and becaule the earth and moon are nearer the fun in their
perihelion than in their aphelion, and the {un aéts with a
greater force there, fo as to fubduét more form the moon’s:
gravity towards the earth; it follows, that the moon muft
revolve at a greater diftance, and take a longer time to.
finifh her revolution in the perthelion of the earti, when her
orbit is dilated, and fhe moves [lower, than in the aphelion,
when the moon’s orbit is contracted, and fhe moves falter.
The annual equation, by which this ineguality is com--
penfated, is nothing in aphelion and perihehon ; and at- the
mean diftance of the fun it is 12’ 55", according to pro-
feffor Vince’s determination. Sir fi'aac Newton makes it-
11’ 50”: according to Mayer, it is 11! 16Ys. M, d*Alem-
bert makes it 12° 57" : Halley makes it about 13': ac-.
cording to M. de la Lande, it is 11'8%.6; and this alfo is
conformable to obfervation.

There is another remarkable irregularity in the moon’s
motion, that alfo arifes from the aébon- of the fun:. which,
1s the pro%reﬁive motion.of the-apfides. 'The moon de-
fcribes an ellipfe about the centre of the earth, having one:
of the foct in that centre. Her greateft and lealt diftances.
from the earth are in the apfides, or extremities. of the-
longer axis of the ellipfe, This is not found to poiat al-
ways to the fame place ia the heavens, but to move with-
a.progreflive motion. forwards, fo as to finifh a-revolution.
round the earth’s centre in about nine years.

To underftand the reafon of this motion.of the apfides,
we maft confider, that, if the gravity of a. body decreafed-
lefs as the diftance-increales,, then according to the regular-
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courfe of gravity, the body would defcend fooner from the
higher to the lower apfis, than in half a revolution ; and
therefore the apfis would recede in that cale, for it would
move ig a contrary direftion to the motion of the bedy,
meeting it in its motion. But if the gravity of the body
fhould deareale more, as the diftance increafes, than accord-
ing to the regular cour{e of gravity, that is, in a higher
proportion than as the fquare of the diftance increales, the
body would take more than half a revolution to move from
the higher to the lower aplis; and, therefore, in that cafe,
the aplides would heve a progreflive motion in the fame di-
rvection as the body.

In the quarters, the fun’s aflion adds to the gravity of
the moon, and the force it adds is greater, as the diftance
of the moon from the earth is greater; fo that the attion
of the fun hindurs her gravity towards the earth from de-
creahng as much while the diftance increafes, as it ought to
do according to the regular courle of gravity ; and, there-
fore, while the moon is 1 the quarters, her apfides mult re-
cede. In the conjun&lion and oppolition, the aétion of the
fun fubdu&s from the gravity of the moon towards the
«earth, and fubdults the more the greater her dittance from
the earth 15, fo as to make her gravity decreafe more as
her dilkance increafes, than according to the regular courle
of gravity ; and, therefore, in this cafe, the apfides are in
a progreflive motion. Becaufe the a&ion of the fun fub-
du&ts more' in the conjunflions and oppofitions from her
gravity, than it adds to it in the quarters, and, in general,
diminithes more than it augments her gravity ; heice it is
that the progreflive motion of the apfides exceéds the re-
trograde motion; and, therefore, the apfides are carried
round according to the order of the figns, The annual
equation of the apfides, aecording to @ir Ifaac Newton, is
16' 437, Bee Maclaurin’s Account of fir Ifaac Newton's
Phil. Difc. Hib.iv. ¢. 4. We have fome obfervations and
tables concerning the moon’s motion, by Mr. Richard
Dunthors, in tne Philofophical Tranfaltions, N° 482.
fe@. 13, where he gives 100 obferved longitudes of the
moon compared with the tables, viz. 23 eclipfes of the
moon, taken (except the firt) from Flamiteed’s Hiftoria
Celeftis, the Philofophical T'ranfa&ions, and the Memairs
of the Ruyal Academy of Sciences; the two great eclipfes
of the funin r706 and 17153 25 fele& places of the moon,
from Flamfteed's Hiftorna Celeltis; and 48 of thole lon-
gitudes of the moon, computed from Flamiteed’s Obferva-
tions by Dr. Halley, and printed in the firft edition of the
Hiltorta Cteleltis.

Theory of the Moon’s Motions and Irregularities.—The tables
of equation, which ferve to folve the irregularities of the
{un, do likewife {ferve for thofe of the moon.

But thea thefe equations mult be corre@ed for the moon,
otherwife they will not exhibit the true motions in the
fyzygies. The merhod is thus : Suppole the moon’s place
in the zodiae, required in Jongitude, for any given time;
here, we firft find, i the tables, the place where it would
be, fuppofing its motion uaiform, which we call mean, and
which 1s {ometimes falter, and {ometimes flower, than the,
truc wotien ¢ then, to find where the true motion will place
her, whichis alfo the apparent, we are to find in another
table at what diltance 1t 1s from its apogee ; for, according
to this diftance, the difference between her true und mean
otion, aud the 1wo places which correfpond thereto, is the
greater. The true place thus found, is not yet the frue
place ; but varies from it, as the moon is more or lefs re-
mote both from the (un, and the fun's apogee ; which va-
riation refpecing, at the fame time, thofe two different dif-
tances, they are 1o be both confidered and combined together,

as in a table apart.  Which table gives the correétion to be
made of the true places firft found That place, thus cor-
rected, is not yet the true place, unlels the moon be either
in conjunction, or oppofition : if the be out of thele, there
muft be another corcedtion, which depends on two things
taken together, and compared, wviz. the diltance of the
moon’s corredted place from the fun; and of that at which
fhe is with reiard to her own apogee ; this lalt diftance
having been changed by the fieft correétion.

. By all thefe operations and corrections, we at length ar.
rive at the moon’s true place for that inftant. In this, it
mult be owned, there occur prodigious difficulties : the lu-
nar equalities are fo many, that it was in vain the aftrono-
mers laborred to bring them under any rule, before the
great (ir Ifaac Newton ; to whom we are indebted both for
the mechanical caufes of thefe inequalities, and for the me-
thod of computing and afcertaining them : fo that ke has
given us a world, in a great mealure, of his own dilcover-
ing, or rather fubduing.

From the theory of gravity he fhews, that the larger
planets, revolving yound the fan, may carry along with them
fmaller planets, revolving round themfelves ; and fhews alfo,
@ priori, that thefe fmaller muft move in ellipfes having
their umbilict in the centres of the larger ; and muft have
their smotion in their orbits varioufly difturbed by the mo-
tion of the fun; andin a word, mull be affe@ed with thofe
inequalities which we aftually obferve in the moon. Ard
from this theory, he argues analogous irreg ularities in the
fatellites of Saturn.

From the fame theory he examines the force which the
{un has to difturb the mcon’s motion, determines the ho-
rary increafe of the area which the moon would defcribe
in a circalar orbit by radit drawn to the earth—-her dif-
tance from the earth—the horary motion in a circular and
elliptic orbit—the mean motion of the nodes—the true mo-
tion of the nodes—thie horary variation of the inclination
of the moon’s orbit to the plane of the ccliptic. Laltly,
from the {ame theory he has found the annual equation of
the moon's mean motion to arife from the various dilatation
of her orbit ; and that variation to arife from the fun’s force,
wl}ich being preater in the perigee, diflends the orbit ; and,
being lefs in the apogee, fuffers it to be again contrafted. In
the dilating orbic fhe moves more flowly; in the contradled,
more fwiftly ; and the anrual equation, whereby this ire-
quality 1s compenfated, in the apogee and perigee, is nothing
at all; at a moderate diftance from the fun, it amounts
to 11’ 50"; and in other places it is proportional to the
equation of the fun’s centre, and is added to the mean mo-
tion of the moon, when the earth proceeds from its aphie.
lion to its perihelion; and fubiruied when in the oppoiite
part.

Thus, fuppofing the radius of the orbis magnus 1000,
and the earth’s excentrienty 316 ; this equatron, when
greratel"t, according to the theory of gravity, comes out
15" 49" '

He adds, that in the earth’s perihelion, the nodes move
{wifter then ia the aphelion, a1d that in a triplicate ratio of
the earth’s diltance from the (un, inverfely. Whence arife
anuual equations of their motions, proportionable to that of
the centre of the {un.  Now the fun’s motion is iy 2 dupli.
cate ratio of the easth’s ditance from the fun inverfely, and
the greateit equation of the centre which this tnequality
occations, is 1~ 56' 26", agreeable to the fna’s excentricity
1655, 1f the (un’s motion were in a trinlicate ratio of its
diltance inverfely, this inequality would gelnera:e the greateft
equation 2° 56 "; and therefore the greateft eguations
whigh the buequahities of the motions of the moon's apogee
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and nodes, occafion, are to 2° $6'g", as the mean diurral
motion of the moon’sapogee, and the mean diurnal motion
of her nodes, are to the mean diurnal motion of the fun.
Whence the greateft equation of the mean motion of the
apogee comes out 1g° 42”; and the greateft equation of the
mean motion of the nodes 9'z7".  The former eguation is
added, and the latter fubtra&ed, when the earth proceeds
from ite perihelion to its aphelion, and the contrary in the
oppolite part of its orbit.

From the fame theory of gravity, it alfa appears that the
fur’s a&ion on the moon muft be fomewhat greater when
the tran{verle diameter of the funar orbit pafles througl the
fun, than when it is at right angles with the line that joins
the earth and fun; and, therefore, that the lunar orbit is
fomewhat greater in the firlt cafe than in the {econd. Hence
arifes another equation of the mean lunar motion, depending
on the fituation of the moon’s apogee with regad to the
fun, which is greatelt when the moon’s apogee 15 in an oc-
tant with the {un ; and none, when fhe arrives at the quad-
rature, or {yzygies; and is added to the mean motion, in
the paflage of the moon’s apogee from the quadrature to
the {yzygies, and {ubtradted in the paffage of the apogee
from the fyzygies to the yuadrature,

This equation, which fir Ifaac calls femeflris, when greateft,
@iz, in the oQtants of the apogee, riles to 3' 45", azamean
diltance of the earth from the fun; but it increafes and di-
minithes in a triplicate ratio of tire fun's diftance inverlely ;
and therefore, in the {un’s greatelt diftunce, is 3f 34"; i
the {malleft, 3’ ¢6 nearly., DBut when the arogee of the
moon is without the ofants, it becomes lefs, and is to the
greazelt equation, as the fine of double the diftance of the
moon’s apugee from the next {fyzygy, or quadrature, to the
radivs.

"From the fame theory of gravity it foliows, that the fun’s
a&tion on the moon is fomewhat greater when a right line,
drawn through the moon’s nodes, palfes through the fun,
than when that line is at right angles withanother joining the
fun and earth: and hence arifes another equation of the
wmoon’s mean motion, which he calls fecunda femefiris, and
which is greatelt when the nodes are in the fun’s o&ants,
and vanithes when they are in the {yzygies, or quadratures ;
and in other {ituations of the nodes, is properiionable to the
fine of double the diftances of either node from the next
{yzygy, or quadrature.

Tt 13 added to the moon’s mean motion while the nodes
are in their paflage from the fun’s quadratures to the next
fyzygy, and {ubtradted in their paffage from the fyzygies to
the quadratures in the oQants.

‘When it is greateft, it amounts to 47", at a mean diltance
of the earth from tha fun; as it appears from the theory of
gravity ; at other diftances of the fun, this equation in the
oftants of the nodes is reciprocally as the cube of tne fun's
diftance from the carth ; and therefore in the fun’s perigee
i§ 45; in hisapagee nearly 49".

.7 By the fame theory of gravity the moon’s apogee proceeds

the {a!leﬂ: when either in conjunéion with the fun, orin op-
pofition to st ; and is retrograde when in quadrature with
the fun. In the former gafe, the excentricity is greateft,
and in the lacter froalleft. Thefe inequalities are very cosn-
fiderable, and generate the principal equation of the apogee,
which he calls femeflris, or femimenfirual. The greatelt fe-
niimenftrsal equatinn is about ¥2° 18"

Horrox firlt obferved the moon to revolve in an ellipfis .

round the earth placed in the lower umbilicus : and Halley
placed the centre of the ellipfis in an epicycle, whofe centre
revolves uniformly about the earth : and from the motion
in the epicycle arife the inequalities now obferved in the

progrefa and regrefs of the apogee, and the guantity of the
excentricity. i

Suppole the mean diftance of the moon from the carth
divided into 100,000 and let T { Plate XVII. Afronomy,
fig-12.) reprefent theearth, and TC the mean excentricity
of the mcon §50¢ parts’; prodvce T C to B, that CB may
be the fine of the greateft femimenfirual equation 127 18,
to the radius T'C; the circle BD A, deferibed on the
centre C, with the tnterval C B, will be the epicvele where-
in the centre of the lunar orb is piaced, and voievein it res
volves according to the order of the letters B D A, Take
the angle B C D equal to double the a:nval argument, or
double the diflance of the true place of the fan from the
moon’s pogeé once cquated, and C T D wiil be the femi.
menfteoal equation of the moon’s apogee ; and T D) the ex.
centricity of its orbit tending to the apogee equated a fe.
cond time. From heuce the moon’s mean motion, apogee,
and excentricity, as alfo the grea‘er axis of irs orbit 200,000,
the moon’s true place, as alfo her diftance from the carth,
are fourd, and that by the molt common methods, In the
earth’s perihelion, by reafon of the greater force of the fun,
the centre of the moon’s orbit will move more fwiftly about
the centre C than in the aphelion, and that in 2 triphicate ra.
tio of the earth’s diftance from the fun rverfely. By rea.
fon of the equation of the centre of the fun, comprehended
in the annual argument, the centre of the moow’s orbit will
move more {wittly in the epicycle T 1D A, in a duplicate
ratio of the diftance of the earth from the fun inverfely.

That the fame may fill move more {wif:ly in a fimple
ratio of the diftance inverfely from the centre of {he orbit 13,
draw D E towards the moon’s apogee, or parallel to T C;
and take the angle L D C equal to the excels of the annual
argument, above the diftance of the moon’s apogee from the
{un’s perigee in confequentia; or, which is the fame thing,
take the angle C D T equal to the comp'ement of the true
anomaly of the {un te 36573 and let DT beto DC as
double the.excentricity of the ordis magnus to the mean dif-
tance of the {un from the earth, and the mean diurnal mo-
tion of the fun from the moon’s apogre, to tlie mean diurnal
motion of the fun from it own apogre, conjunilly, 7. e aa
337 is ta 1000, and 52! 27" 16% to 5¢' 8" 1™, con.
nn@ly; or as 3 to 100. Conceive the centre of the muon’s
orbit placed in the point I, and to revolve in an epicycle,
whofe centre is D, and its radivs D F, while the point I3
proceeds in the circumference of the circle DABD : thus
the velocity, with which the centre of the moon’s orbit
moves i a certain carve, defcribed about the centre C, will
be reciprocally as the cube of the fun’s diftance from the
earth,

The compntatior of this motion is difficult; but it wiil
be made eafly by the fuliowing approximation : if the moon’s
mean diitance from the earth be 100,000 parts, and its ex-
centricity T'C 5505 of thole parts, the right line CB or
CD will be fouud 3172, and the night line DF 3¢°.
This right line, at the ditance TC, {ubiends an angle to
the earth, which the transferring of the centre of the orbit
from the place D to ¥ generates 1a the motion of tins centre;
and the fame risht line doubled, in a pavallel fitvation, at
the dikance of the upper umbihcus of the moon’s crbit
from the earth, fubtends the fame aagle, gererated by that
tranflation in the niotion of the umbilicus; and at the dil-
tance of the moon from the earth {ubtends an angle, which
-the fame tranflation generates in the motion of the moon ;
and which may therefore be called the fecond equation of the
centre, b

This equation of a mean diftance of the mooa from the
carth, is as the fine of the angle contained between the right

line
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Line DF, and a right line drawn from the point F to the
moon, nearly ; ard when greatelt, amounts to 2’267 Now
the angle comprchended between the right line DF anda
line from the paint 1), is found either by fubtralling the
angle ED¥F from the mean snomaly of the moon, or by
. addirg the moon’s diftance from the fun to the diftance of
the moon’s apogre from the apogee of the fun. And as
radius is to the fine of the asgle thus found, fo is 2/ 24"
to the fecond equation of the centre; which is to be added,
if that fine be lefs than a femicircle; and fuobtraled, if
greater : thus we have its longitude in the very [yzygies of
the luminaries. :

If a more accarate computation be required, the moon’s
place thus found muft be correfted by a fecond variation.
The firlt and principal variation we have already confidered,
and have obferced it to be greateft ip the oftants. The fe.
cond is greatelt in the quadrants, and arifes from the dif-
ferent aliion of the {un on the moon’s orbit, according to
the different pofition of the moon’s apogee to the {un, and
is thus computed ; as radiue is to the verfed fine of the dif-
tance of the moon’s apogee from the fun's perigee, in con-
fequentia, fo it a certain angle P to a fourth proportional.
And as radius is to the fine of the moon’s diftance from the
fun, fo is the [um of this fourth proportional and another
angle Q to the facond variation ; which 18 to be fub_traé?‘,ec!,
if the moon’s light be increafing; and added, if dimi-
nithing. _

Thus we have the moon’s true place in her orbit; and
by reduction of this place to the ecliptic, we have the moon’s
longitude. The angles P and Q) are 1o be determined by
oblervation in the mean time, if for P be affumed 2, and for
Q 1V, we fhall be near the truth.

The refults of computations of this kind are rendered more
accurate, in confequence of modern difcoveries; and the
labour of them is in a great mealure {uperfeded by the va-
luab'e lunar tables, which the altronomer has now in his
pofieflion. We fhall therefore refer for thefe tables to the
Nanutical Almanack, and to Vince’s Complete Altronomy,
vol. iif.

Moox’s Path wifh refpedd to the Sun, Figure of the. The
path of the moon is concave towards the fun throughout. -

In other fecondary planets, as the fatellites of the fuperior
planets, that part of the path of thefe fatellites which is
neareft the fun, is convex towards the {un, and the reft is
concave, And we often find in elementary treatifes of
alkronomy, the moon’s path reprefented w the fame manner;
that is, as partly convex and partly concave towards the
fun: but this is a miltake. For it is to be obferved, in ge-
neral, that the force which bends the courfe of the {atellite
into a curve, when the motion is rcferred to an immoveable
plane, is, at the conjunction, the difference of its g.ravity
towards the {un, and cf its gravity towards the pumary.
‘When the former prevails over the latter, the force that
bends the courfe of the fatellize tends towards the fun ; and,
confequently, the concavity of the path is towards the {un;
and this is the cafe of the moon. When the gravity towards
the primary exceeds the gravity towards the {un, at the con-
junélion, then the force which bends the courle of the fatel-
lite tends towards the primary, and therefore towards the
oppofition of the fun ; confequently the path is there convex
toward the [un; and this is the cale’of the fatellizes of Ju.
piter. When thefe two forces -are equa', the Path has, at
the conjun&ion, what mathematiciens cail a point of redti-
tude ; in which cale, however, the path is concave towards
the {un throughout, .

If, indeed, the carth had no annual motion, the moon’s
motion round the earth, and her track in open fpace, would

be always the fame. But as the earth and moon move round
the fun, the mour’s regl path in the heavens is very different
from her vifible path round the earth; the latter being in a
progreflive circle, and the former in a curve of different de-
grees of concavity, which would be always the fame in the
{ame parts of the heavens, if the moon performed a com.
plete number of lunations in a year, withoot any frac-
tIOnS,

Mr. Fergulon has fuggefted the following familiar idea of
the carth's and moon’s path. Let a nail in the end of 2
chariot-wheel reprefent the garth, and a pin in the nave the
moon: if the budy of the chariot be propped up, fo as to
keep that wheel from touching the ground, and the wheel
be then turned round by hand, the piu will defcribe a circle
toth round the wail, and in the fpace it moves throngh.
But if the props be taken away, the horfes put to, and the
chariot driven over a piece of ground which is circularly
convex ; the nail in the axle will defcribe a circular curve,
and the pin in the nave will ftill deferibe a circle round the
pregreflive nail in the axle, but not in the fpace through
which it moves. In this cafe, the curve defcribed by the
nail will refemble in miniature as 'much of the earth’s annual
path round the fun, as it defcribes whilit the moon goes as
often round the earth as the pin does round the nail ; and the
cusve defcribed by the rail will have fome refemblance to the
moon’s path during fo many lunations,

Let us now fuppofe that the radius of the circular curve,
defcribed by the nail in the axle, is to the radius of the
circle, which the pin in the nave defcribes round the axle,
as 3374 to x; which is the proportion of the radius or femi-
diameter of the earth’s orbit to that of the moon's; or of
the circular curve A 1234567 B, &e. (Plare XVII.
Aftronomy, fig. 10.) to the little circle a, aad then, whilft
the progreflive nail defcribes the faid curve from A to E,
the pin will go once round the nail, with regard to the centre
of 1ts path, and, in fo doing, will defcribe the curve abcde.
The former will be a true reprefentation of the earth’s path
for one lunatior, and the latter of the moon’s for that time.
Here we may fet afide the inequalities of the moon’s motion,
and allo the earth’s moving round its common centre of
gravity, and the moon’s: all which, # they were truly
copied in this experiment, would not fenfibly alter the figure
of the paths delcribed by the nail and pin, even though
they fhould rub aganft a plain upright furface all the way,
and leave their tracks vifible upon it. And if the chariot
was driven forward on fuch 2 convex piece of ground, fo as
to turn the wheel feveral times round, the track of the pin
in the nave would fill be concave toward the centre of the
circular curve deferibed by the pin in the axle ; as the moon’s
path is always concave tothe fun'in the centre of the earth’s
annual orbit. -

In this diagram, the thickeft curve line A BCD E, with
the numeral hgures {et to it, reprefents as much of the earth’s
annual orbit as it defcribes in 32 days from weft to eait ; the
little circles at a, 8, ¢, 4, ¢, fhew the moon’s orbit in due
proportion to the carth’s; and the {mallett corvegadede f
reprefents the line of the moon’s path in the heavens fer 32
days, accounted from any particular new moon at a.

The {un is fuppofed to be in the centre of the curve
A 1234567 B, &c. and the {mall dotted circles upon
it reprefent the moon's orbit, of which the radius is in the
fame proportion to the earth’s path, in this {cheme, that the
radius of the moon's orbit, in the heavens, bears to the radius
of the earth’s annual path round the fun; that is, a5 240,000
to 81,000,000, oras 1 to 3374

‘When the earth is at A, the ncw moon isat a3 znd in the
feven days that the carth deferibes the curve 12 3 4 5 6}7.

the

-
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the meon, in accompanying the earth, deferibes the curve
4 b; and is in her firlt quarter at &, when the earthis at B.
As the earth defcribes the curve B8 g 10 11 12 13 14, the
moon defcribes the curve $¢; and is at ¢, oppolite to the
fun, when the earthisat C. Whilt the earth delcribes the
curve :5 16 17 18 19 20 21 22, the moon deferibes the
curve ¢ 43 and is in her third quarter at 4, when the earth
és at .  And, laitly, whilit the earth delcribes the cvrve
D 23 24 25 26 27 28 29, the moon deferibes the curve dej
and is again in conjunétion at z with the fun, when the earth
is at E, between the 2gth and 3oth day of the moon’s age,
accounted by the numera! figures from the new moon at A.
In defcribing the curve a dzde, the moon goes round the
progreflive earth as really as if {he had kept in the dotted
circle A, and the earth continued immoveable in the centie
of that circle. -

And thus we fee, that although the moon goes round the
earth in a circle, with refpeét to the earth’s centre, her real
path in the heavens is not very dificrent in appearance from
the earth’s path. To fhew that the maon's path is concave
1o the fun, even at the time of change, it is carried on a
little farther into a {fecond lunation, as to [1f .

The moon's abfalute motion from her change to her firft
quarter, or from a to &, is fo much flower than the earth’s,
that fhe falls 240,000 miles, (equal to the femi-diameter
of her orbit) behind the earth at her firft quarter in &,
when the earth is in B ; that is, fhe falls buck a fpace equal
to her diftance from the earth.  From that time her motion
is gradually accelerated to her eppofition or full at ¢, and
then the is come up as far as the earth, having regained
what the loft in her firft quarter from 4 to .  From the full
to the lalt quarter at 4, her motion cantinues accelerated, fo
as ta be juft as far before the earth at d, as {he was behind it
at her Airlt quarter in & But from d to ¢ ker motion is {o
setarded, that the lofes as much with refpe& to the earth,
48 is eqeal to her diftance from it, or ta the {emi-diameter of
her orbit ; and by that means fhe comes to ¢, and is then in
conjunétion with the [un, as feen from the earth at E.
Hence we find, that the moon’s abfolute motion is flower
than the earth’s, from her third quarter to her firft; and
{wifter than the earth’s, from her firft quarter to her third:
her path being lefs curved than the earth’s in the former caie,
and more in the latter. Yet it is ftill bent the fame way
towards the fun; for if we imagine the concavity of the
earth’s arbit to be mealured by the length of a perpendi-
<ular line C g, let down from the earth’s place upon the
itraight line 4 g 4, at the full of the moon, and conneéting
the places of the earth at the end of the moon’s firlt and
third quarters, that length will be about 640,000 miles;
and the moon, when new, onty approaching nearer to the
fun, by 240,000 miles, than the earth is, the length of
the pecrpendicular let down from her place, at that time,
upon the fame Rraight line, and which fhews the concavity
ot that part of her path, will be about 400,000 miles.

The gravity of the moon towards the {un has been found
to be greater, at her conjunéion, than her gravity towards
the earth, fo that the point of equal attraétion, where thofe
swo powers would fuftain eachother, falls then between the
moon and earth; and fince the quantity of matter in the
fun is almoft 230,000 times as great as the quantity of
‘patter in the earth, and the attra@ion eof each body dimi-
nithes as the {quare of the diltance from it increafes, it may
be eafily found, that this point of equal attradtion between
the earth and the fun, is about 70,000 times nearer the
earth than the moon is at her change : whence fome, and
paticularly Mr. Baxter, author of Matho, have appre-
Jeaded, that cither the parallax of the {un is very differens

from that which is afligned by aftronomers, or that the moon
ought neceflarily to abandon the earth; becaufe the is con-
fiderably more attrafted by the fun than by the earth at that
time. This apprehenfion may be removed cafily, by attend-
ing to what has been thewn by [ir ifaac Newton, and is
illuftrated by vulgar experiments concerning the motions of
bodies about one another, that are alf aéted upon by a third
force in the fame dire€tion, Their relative motions not
being in the lealt diftarbed by this third force, if it 2&

~ equally upon them in parallel lines; as the relative motions
of the fhips in a fleet, carried away by a current, are no
way affected by it, if it act equally upon them; or as the
rotation of a bullet or bomb, about its axis, while it is pro-
jetted in the air; or the figure of a drop of faliing rain, are
not at ali affefted by the gravity of the particles of which
they are made up towards the carth. The muon is fo near
the earth, and both ¢f them {o far from the f{un, that the
attra&ive power<f the fun mzy be confidered as equal on
both; and, therefore, the moon wili continue to circulate
round the earth in the fame manner as if the {un did not at-
tra them at all. It is to the inequality of the adtion of
the fun upon the earth and moon, and the want of parallel-
ifm in the direStions of thefe ations, only, that we are to
alcribe the srregularities in the motion of the moon,

But it may contribute farther towards removing this dif-
ficulty to obferve, that if the abloiute velocity of the moon,
at the conjunction, was lefs than that which is requifite to
carry a bedy in a circle there around the fun, fuppofing this
body to be afted on by the fame force which aéis there on
the moon, (i.e. by the excefs of her gravity towards the
fun, dbove her gravity rowards the earth,) then the moon
woald, indeed, abandon the earth. Tor, in that cafe, the
moon having lefls velocity than would be neceffary to pre-
vent her from defcending within that circle, the would ap-
proach to the {un, and recede from the earth. But though
the abfolute velocity of the moon, at the conjunétion, be
lefs than the velocity of the earth in the annual orbit, yet
her gravity towards the fun is fo much diminithed, by her
gravity towards the earth, that ber abfolute velocity is itill
much fuperier to that which is requifite to carrya body in a
circle there about the fun, that is a&ed on by the remain.
ing force only. Therefore, from the moment of the con-
jun&ion, the moon is carried without fuch a circle, recedin &
continually from the fun to greater and greater diftances,
till fhe arrives at the oppofition; where, being adted on by
the fum of thofe two gravities, and her velocity being now
lefs than what is requifite to carry a body in a circ'e there
about the fun, thatis aéled on by a force egual to that fum,
tle moon thence begins to approach to the funagain. Thus
fhe recedes from the fun, and approaches to it by turns, and
in every month her path hath two apfides, a perihelion at the
conjunction, and an aphelion at the oppofition; between
which fhe is always carried in a manner fimilar to that in
which the primary planets revolve between their apfides.
The planet recedes from the {un at the perihelion, becauie
its velocity there is greater than that with which a circle
ceuld be defcribed about the fun, at the fame diftance, by
the fame centripetal force; and approaches towards the {un
from the aphelion, becaule its velocity there is lefs than
ifs requifite to carry it 1n a circle, at that diffance, about the
un,

If gve fuppofe the earth to revolve in a circular orbit
reund the {un as its centre, and the moon to revolve round
the earth 1n the {ame manner; the planes of their orbits to
coincide ; the diameters of their orbits to be as 340 to 1 5
and the moon to perform 13,368 revolutions to every fingle
revolution of the earth; it is gafy to inveftigate the nature

and
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and defcription of the curve penerated by the centre of the
moon; and to determine whether this curve, in one lunation,
be any where convex towards the {un,

Let S (fg.11.) reprefent the fun; E the earth; E ¢
an arc of the orbit of the sarth paffed over by its centre,
in one lunation of the moon ; the circumference of the cir-
cle EAT = the concentric arc A a; then, {becanfe
13,368 — 1 = 12,368 = the number of lunations in the
year, or one revolution of the earth, and therefore S A :
E A ::12,368 : 1,) when themoon is in conjun@ion with
the fun, the diftance between the fun and moon will be
greater than the diftance or radius S A. Now the curve,
defcribed by the centre of the moon, is the fame as that
deferibed by a point M (E M being the femi-diameter of
the moon's orbit), carried round by the rotation of the
circle EAF on the arc A a: it is therefore of the cy-
cloidal kind, having a point of inflexion, if every cycloid,
defcribed by a pomt within the generating circle, is in-
flefted, 28 well upon a circular as vpon a reftilinear bafe.
To determine which,

PutStA ot SR=ag, EAocre R =105, EMorem
=¢ Rm=r, Rd=17s; and let mC be the radius of
curvature at any point m, which, it is evident, muit pafs
through the point of contaét R. Suppofe the point = inde-
finitely near to m; then, R r and R r being the indefinitely
fmall contemporary arcs with ma#, and, confequently, the
triangles R m r and R u r equal in all refpedis; if we con-
fider the faid little arcs R r and R~ as little right lines
perpendicular to the radii ¢r and Sr, we (hall have the
<mRn=<rRr= (becaufe the angles¢ R rand SR #,
added to either fide of the equation, make it two right
angles) < Rer + < RSr. NowSR:eR i < Rer
: < RS8r20d SR:SR 4+ Re:: <« Rer @ Rer
+ <« RS8r thatis; ¢:a 4 é:: <« Rer: <« mRn=
e+ '

a

angles md r, mr dy and R m #, the complement of the ob-
tufe angle to two right angles, be indefinitely {mall, they
witl be proportional to the oppoiite fides m r, m o, and d r;
thatis, dr:md st < Rmr: < mrd; anddr — md:
drii< Rmr— < mrd: < Rmery thatis, mR:d R
2 < Rdr:< Rannor,resni i < Rer: <« Rur=

< Rer. Again, in any triangle, as dm r, if the

—2—‘-;<Rer. And again, <« RCz: < RaC 2 Ra:
RC thatis, <« mRn — < Ruar: <« Rnr::'Rm:

e —n,

RC,ora+b
a

- —J~]< Rer:—~— < Rerur:RC
2 r 2 r -
— ars
T 2ur+2br—g
2art 4+ 246+ _
=2ar+26r~—a3 -

. Confequently, mR + RC = nC

IS .
= the radius of

as
T o2a oz
curvature at any point m.

Now, it is evident, that, at the peint of inflexion, the
radius of curvatore muflt be infinite : or that, on one Gde of
the {aid point, the exvreffion for the radius of curvature
mult be afirmative, and on the other negative; therefore,,

al’s
r muft be more than —=
249 + 2

and on the other lefs ; and, confequently, at the point of in-

; which, fubftituted for. r, makes

7 OF one fide of the faid poiat,.

—_—
—_—

- as
fiexion, r —_—
2a 4 2.4

2afbst + a*s*
T
dm x mR =fm x ma=) 6*— ¢’; from which equa-

2a 4 28 v/ b —¢?

(dm X mR =) rs=—rt= =(5t;uﬁ'

tion we have 5 = . . Orntofmdr, (o
A 2ab 4+ a* ’ » ¥
zar 20r
20r + 2by =as, 0r s = t 3 then (dm x
a

ar’® 4+ 20¢°
—— = (fm X ma :) &

mR=)rs -1 =
ab? — act
—_——, wher

a+ 25

— ¢*; which equatior gives r

the point m becomes a point of inflexion.
Now, as m R (r} muft, by the nature of thecircle, always ber

. ak*— ac?
greater than ma; thatis, as \/ =3 mult always be
ab*— ac*
more than & — ¢; and, confequently, Y Be more

ab + ac¢

2 b

5~ ¢ x b —c; therefore, ¢ muft always be more than
k3

a4+ b
to £ S and £ A, in order to have a point of inflexion take
place in the curve : but in the prefent cafe, ES, E A, and
.368
E M, being as 13.368.1, and I3 06

than b — o1, that is, X & — ¢ be more than

; that is, E M muft be nrore than a third proportional

» OF ,03g; therefore

EM is lefs than the faid third proportional 3 and, sonfe-
quently, the curve M myu, generated by the centre of the
moon, has nat a point of inflexion, or is no where convex
towards the fun. See Fergulon’s Aftronomy, p. »29, &c.
Maclaurin’s Account of Sir Ifaac Newton’s Phil. Difc.
book iv. ch. 5. p. 336, &¢. 4to. Rowe’s Fluxions, p. 127,
&e.

Moox, Aftronomy of the. 1. To determine the pericd of
the moon’s revolution round the earth, or the perisdical
month ; z2nd the time between one oppefition 3nd anotirr,
or the fysodical month, ’

Since in the middle of a lupar eclipfe the moon is op.
pofite to the fun, compute the time between two eclipfes,
or oppolitions, between which there is a great interval of
time ; and divide this by the number of lunations that have
paffed in the mean time; the quotient will be the quantity:
of the fynodical month. Compute the {un's mean motion,
during the time of the fyrodical month; and add thiis to the
entire circle defcribed by the moon. Then, as the fum is to
360% fo is the quantity of the {ynodical month to the
periodical.

Thus, Copernicus, m the year 1500, November &, at
twelve at night, obferved an eclipfe of the moon.at Rome ;.
and Auguft 1, 1523, at 4" 25/, another at Cracow : hence.
the quantity of the fynodical month is thus determined s

Obfl. 2 Aa. 14239 237" 425'
Obl 1 An. 1500 310 2.20

Interval of time An, 22¢ 292h 2.5
Add the intercalary days  §

Exa& interval An. 22% 297" 2.4’
or 11991005’
Which, divided by 282 months, elapfed in the mean time,
gives the quantity of the fynodical month 42521 9" 93
that is, 2 12" 414

Erom.
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From two other obfervations of ecliples, the one at Cra- epas in the canon, iz, 2 days in April, 3 in May, &c..
cow, the other at Babylon, the fame author determines until they amount to x1 days at the end of the year, which
more accurately the quantity of the {ynodical month to be are then added to the annpal epact, .

2542 [ !O”’ Iﬂf.

That is, 2¢% 11d 43" 3" 10" Bat this is lefs than the TasLe L—Epa&ls of Years. -
true fynodical month, which is 294 12™ 44/ 3. . '
The {un’s mean motion in the time 29> &' 247 18 Years. Epaéis. Years. Lpadis.
The moon’s motion - - éSg 6 24 18
Quantity of the periodical month 259 75 43t ¢ . B. 1804 1§ x8% 13 39'| B. 1844 | 109 22" 14
Hence, 1. The quantity of the periodical month being 1805 |29 4 30 1845 {21 13 26
given, by the rule of three we may find the moon’s diurnal 1806 [ 10 7 16 1846 2 15 53
and horary motion, &c. And thus may tables of the 1807 | 20 22 2y 1847 {13 7 4
mean motion of the moon be conftru&ed, B. 1808 3 o 55{B. 1848 |24 22 16
2. If the {un’s mean diarnal motion be {ubtradted from 1809 {13 16 6 1849 6 o 43
" the moon’s mean diurnal motion, the remainder will give 1810 {24 7 18 1850 | 16 15 3%
the moon’s diurnal motion from the fun: and thus may a 1811 5 9 4% 851 27 7 6
table thereof be conftruéted. B. 181z |17 o s57f B 1852 9 9 34
3. Since, in the middle of a total eclipfe, the moon is in 1813 27 16 B 1853 20 O 4%
the node, if the fun’s place be found for that time, and to
this be added fix figns, the fum will give the place of that node. 1814 8 18 3¢ 1854 1 3 Iz
4. From comparing the ancient obfervations with the 1815 |13 9 47 1dgg | 11 38 24
modern, it appears, that the nodes have a motion, and that t B, (816 1 1z 14§B. 186 |25 o 335
they proceed in antecedintia, i, e. from Taurus to 'Aries, 1817 12 3 26 18357 4 12 2
from Aries to Pifces, &c. If, then, to the moon’s mean 1818 122 18 37 1868 1 15 3 14
diurnal motion be added the diurnal motion of the nodes, 1819 3 21 4 1856 | 25 17 26
the fame will be the motion of the moon from the node; { B, 1820 15 2z 16§ B. 186 7 20 %3
and thence, by the rule of three, may be found in what 1821 |26 3 2y 1861 {18 1z 4
time the moon goes 360° from the dragon’s head, or in 1822 ¥ 5 5% 1862 29 3 16
what time the goes fram, and returns to it : that is, the 1823 | 17 =2t 1863 | 10 5 43

quantity of the dracontic month.

5. If the motion of the apogee be fubtrafled fromthe | B. 1824 |29 12 18] B. 1864 {21 20 55
mean motion of the moon, the remainder will be the mcon's 1825 10 14 48 1865 2 23 22
mean motion from the apogee ; and thence, by the rule of 1826 | 21§ 57 1866 | 13 4 33
three, is determined the quantity of the anomaliflic month. 1827 2 8§ 24 1867 |24 5 45
Sce the preceding part of this article. B. 1828 |13 23 35{ B. 1868 6 8 32

To find the Moon’s Age or Charge ~~The following canon, 1829 | 24 14 47 T 1869 | 16 23 24
in which the twelve numbers anfwer to the twelve months, 1830 5 17 14 1870 | 27 14 3%
beginning with Janunary, will ferve for this purpofe. 1831 16 8 26 1871 8 17 2

Janus o, 2, 1, 2, 3, 4 5, 6, ) B, 1832 27 23 37% B. 1872 20 8 14
8, 8, 10, 10, thefe to the epa& fix, ) 1833 9 z 4 1873 1 10 42
“The fum, bate 30, to the month's day add, -

Or take from 30, age or change is liad. 1834 (9 17 16 1874 (12 1 43

The veafon of adding thele numhers to the epa& inthe 1835 o 19 43 1895 {22 17 4
feveral months, is becaufe the lunar fynodical months full £ B, 1836 |12 10 55 B. 1876 4 20 32
fhort of the calendar months; fo that the epaét, which 1837 123 2 6 1877 | 15 10 43
expreffes how much the lunar year falls fhort of the folar, 1838 4 4 34 1878 26 1§y
or calendar year, muft be confidered as continually in. 1839 | 14 19 4% 1879. { 7 4 22
crealing ; and, therefore, to find the new moons, which { B, 1820 26 10 s6 1 B. 188c. | 18 19 33
are the beginnings of the fynodical months, an addition muft 1841 7 13 24 1881 | 29 10 4%
he made to the epall in every menth, and more and more as 1842 18 4 3% 1882 10 13 12 |
the year advances ; which additional numbers are called the 1843 | 28 19 47 1833 21 4 24
menttrual epatks. Only nothing is to be added to the
epad in Januvary, becanfe the annual epact, together with
the day of the month, does then exprefs the true age of the Tasre II.—Epats of Moaths.
moon ¢ but as January has 3t days, which is near 2 days
mere than a {ynodical month, therefore the beginning of Mouths. Epacis. Months, . Epas,
the lunar month in Tebruary will fall 2 days fooner than it —
did in January ; confequently 2 is the menftrual epa& of Janvary od ob o] July 3% 19" 36
February ; and then, as Febreary has but 28, or at mof February 111 66| Aungult 5 6 52
29 days, which may be accounted 1 day lefs than a {yno- March 29 11 161 September| 6 13 8
dical month, the next tunar month will begin 1 day later April | 1 9 48| Od&ober 7 5 24
in March than it did in February ; confequently the men- May 1 21, 4| November| 8 16 40
ftroal epact of March decreafes inttead of increafidg, and is June 3 8 20| December; 9 3 355
but 1. If from theace you reckon the lunar months to
confi’t of 30 days and 2¢ interchangeably, the new moons In leap years, a day is to be fubtrafted from the fum

will fall fo much earlier in the follawing months than the |of'the epafls, in the months of January and Febroary.
sew moon did in January, as is expreffed by the menftrual |

By
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MOON.

Explanation of the Tables.—By Tables I. and XI. the mean
age of the moon, at any given time, may be found to the
nearclt minute, by adding the epalls of the given year and
month, and the propofed time reduced to the meridian of
Greenwich, If this fum exceeds a mean lunation, or 2¢¢
12" 44'y dedu@ it therefrom. The mean time of new
moon is found by (ubtrafting the {um of the epaéls of the
given year and month, from 29 12% 44'; but if greater
than that quantity, fubtradt it from god 1b 29!, to which
add the longitude, in time, if eaft, but fubtralt it if well,
The mean time of the preceding, or following full moon, is
found by (ubtralting, or adding 14% 18" 22/; and the
quarters, by applying 79 ¢® 11, See Epact and Metonic
CycLE.

By Table IT1. the moon’s age is found by infpe&ion only,
from the year 1800 until 189?,, inclufive ; and the method
of extending it a few years before or after the limits of the
table is obvious.

This table is divided into two parts; the firft of which
contains the months and days, and the other the years,
with the moon’s age. In this lalt part, N ftands for new
moon, and F for full moon. In order, therefore, to find
the moon’s age on any given day of any given year, within
the limits of the table, find the propoled day under the
given month, then, on the fame horizontal line, and uonder
the given vear, is the moon’s age requived. Thus, March
12th, 186, it is a new moon, and on the 18th of the fame
month, in the year 1878, it is full mooa. )

The epa& for any given year within the lunits of the
table, is found at the bottom of the colump immediately
under the given year. Thus the epalt for the year 1850
is 17. Mackay’s Complete Navigator.

To find the Time of the Moon's being in the Meridian, or
Southing.-—~Multiply her age by 4, and divide the produél by
53 the quotient gives the hour, and the remainder, multi
plied by 12, the minute. .

"The reafon of this rule is, that as the moon at the change
comes to the fouth with the fun, or at twelve o’clock, and
as there are thirty days, nearly, from one new moon to sn-
other, and twenty.four hours in a day ; therefore fhe lofes
one day with another Ziths, or ¥ths of an hour in the time
of her fouthing: now the moon’s age, a number of days
from the chan§c, being multiplied by four, the produét is fo
many fifths of an hour as fhe has loft, which, divided by
five, is reduced to hours, and the remainder, if any, mulu-
plied by 12, will be minutes,

Moow, Forthe Eclipfes of the, iee EcLipses.

For the Moown’s Parallax, fece PARALLAX.

Moo, Nature and Furniture of the. 1. From the various
phafes of the moon : from her orly fhewing a little part il-
Iumined, when following the fun ready to fet; from that
part’s increafing as fhe recedes from the fun, till at the dif-
tance of 180" fhe thines with a full face : and again wanes as
fhe re-approaches that luminary, and lofes all her light when
fhe meets him ¢ from the lucid parts being conftantly turned
towards the welt, while the moon increafes ; and towards
the eaft when the decreafes: it is evident, that only that part
fhines on which the {un’s rays fall. And, from the pheno-
mena of eciipfes happemnrg whes the mooan fhould thise with
a follface ; wix. when the is 8o~ diftant from the {un; and
the darkened parts appearing the fame in all places; it is
evident the has no light of her own, but borrows whatever
light fhe has from the fun; for if (he did, being glcbular,
;ve fhould always fee her witk a round full orb, like the
un.

2. The moon fometimes difappears in a.clear heaven, fo

as not to be difcoverable by the belt glafles; little ars of
the fifth and fixth mageitude all the time rematning viftble,
This phenomenco Kepler obferved twice, anno 1580 and
183, and Heveltus in 1620. Ricciolus, and other Je-
fuits at Bulogna, and many people throughout Holiand, ob-
ferved the like April 14, 1642, yet at Venice and Vienna
fhe was all the time confpicrous. Docember 23, 1703,
there was another total obfcuratien. At Arles fhe firlt ap-
peared of 2 yellowifh-brown ; at Avigngn ruddy and tran(-
parent, asif the fun had fhone through ; at Marfeilles, onc
part was reddifh, the other very daiky; and, at length,
though in a clear fky, the wholly difappeared, Here 1t is
evident that the colours appearing different at the fame time,
do not belong to the moon ; bur théy are probably occafioned
by our atmofphere, which is varioufly difpofed, at different
times, for refralting of thefe or thofe colonred rays,

3. The eye, either naked, or armed with a telefcope, fees
fome parts in the moon’s face darker than others, which are
called macule, or fpots. Through the telelcope, while the
moon is either increafling or decrealing, the illuminated parts
in the maculz appear evenly terminated ; bat in the bright
parts, the boundary of the light appears jagged and uneven,
compofed of diffimilar arches, convex and concave. {See
Plate XVIL. Aftron. fig. 13} There are alfo obferved lucid
parts difperfed among the darker; and Hlumined parts are
feen beyond the limits of iilumination ; other intermediate
ones remaining fill in dacknefs ; and near the macule, and
even in them, are frequently feen fuch lucid {pecks. Be-
fide the macule obferved by the ancients, there are other
vartable ones, invifible to the naked eye, called new macule,
always oppolite to the fun; and which are hence found among
thafe parts which are the fooneft illumined in the increafin
moon. and it the decreafing moon lofe their light later than
the intermediate ones; runming round, and appearing fome-
times longer fometimes fmaller, .

Hence, 1. As ail parts are equally illumined by the fun,
inafmuch as they are equally diftant from him : if fome ap-
pear brizhter, and others darker ; fome refleét the {un’s rays
more copiouflly than others ; and therefore they are of dif-
ferent natures. And, 2. Sirce the boundary of the Nlumin-
ed part is very fmooth and equabie in the macule, their {ur-
face muft be fo tco. 3. The parts ifumined by the fun
fooner, and deferted later, thau others that are ndarer, ave
higher than the reft 5 4. 2, they H#and up above the other {ur-
face'of the moon. 4. "t'he cew maculz anlwer perfedlly to
the fhadows of terreitrial bodies.

4. Hevelius writes, that he has feveral times found, in
fkies perfe@ly clear, when even flars of the fixth and fevenh
magnitude were confpicuous, that at the fame altitude of the
moon, aud the fame elongation from the carth, and with one
and the fame excellent telefcope, the moo- and its maculz do
not appear equally lucid, clear and pecfpicuous, at all times 5
but are much brighter, purer, and more &itin&, at one
time than another. - From the circumftances of the oblerva.
tion, it is evident the reafon of this phenomenon is not either
n our air, in the tube, nthe moon, orin the fpe&atér’s eye;

. bat it muaft be looked for in fomething exifting about the

moon.

5. Caffini frequently obferved Saturn, Jupiter, and the fixed
ftars, when hid by the moon, near her limb, whether the .
lumined or dark ose, to have their circalar figure changed
into an oval one ; and in other occultations he found no al-
teration of figure at all. In like manner, the fun and moon
rifing and fetting in a vaporous horizon, do not appear cir-
cular, but eliiptical. :

Hence, as we know, by fure experience, that the circu-
lar figure of the fun and moon is enly changed into an ellip-

tical
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tical one by meansg of the refraltion in the vapoury atmo=
fphere 3 {ome have concluded, that at the time when the cir-
cular figure of the ftars is thus changed by the moon, there
is a denfe matter encompafling the moon, wherein the rays,
emitted from the ltars, are refralted ; and that, at other
tines, when there is no change of figure, this matter is
wanting.

"This phenomenon is well illuftrated by the following ex-
pertument.

T'o the inner bottom of any vellel, either plain, convex,
or concave, with wax falten a circle of paper; then pouoring
in water, that the rays, reflatted from the circle in the air,
may be refraCted before they reach the eye; viewing the
circle obliquely, the circular figure wiil appear changed into
an elliphis.

6. "The moon, then, is a denfe opaque body, furnithed with *

mountains and valliea. That the moon is denfe and imper-
vious to the light, has been fhewn : but {ome parts fink be-
low, and others rife above the f{urface ; and that confider-
ably, inafmuch as they are vifible at fo great a diftance as
that of the earth from the moon; whence it has been con-
ciuded that in the moon there are high mountains, and very
deep vallies. Ricciolus meafured the height of one of the moun-
tains, called St. Catharine, and found it (as he. conceived)
nine miles high. 'The method of meafuring the height of
the lunar mountains is as follows, Suppole E D { fig. 14.}
the mooan’s diameter, £ C D the boundary of hight and
darknefs, and A the top of a hill in the dark part begin-
ning 10 be illumined : with a telefcope and micrometer ob-
ferve the proportion of A E, or the diftance of A from
the Hne where the light commences™to the diameter £ D ;
here we have two fides of a reftangled triangle A E,
CE; the [quares of which added together give ﬁ-lq fquare
of the third ; whence the {femi-diameter C B Eeing {ebtradt-
ed, leaves A B, the leight of the mountain.

Ricciolus, v. gr. found the top of the mount St. Catha-
rine llumined at the diftancz of %th of the moon’s diameter
from the confines of light. Suppofing, therefore, C E 8,
aud A E 1, the {quares of the two wili be 65, whofe root
is 8062, the length of A C; fubtra@ing, therefore, BC
= 8, the remainder is A B = 0.062. The moon’s femi-
diameter, therefore; is to the mountain’s height as 8 is to
0062 ; i & as Sooo to 62.  Suppofing, therefore, the femi-
diameter of the moon 118z Englifh miles, by the rule of
three we find the heighr of the mountain g miles.

Galileo takes the diftance of the top of a lunar mountain
from the line that divides the illumined part of the difc from
that which is in the fhade to be equal to a 20th part of the
moon’s diameter ; but Hevehus affirms, that it js only the
26th part of the fame. If we calculate, in the manner
above itated, the height of fuch a mountain, it wiil be found,
in Eoglifh mealure, according to Galileo, almoft 5 miles ;
and, according to Hevelius, omewhat more than 33 miles,
admitting the moon’s diameter to be 23180 miles. The ob-
fervations of Hevelius have been always held in great effeem ;
and thisis probably the realon why later aftronomers have not
vepeated them. M. dela Lande, one of the moft eminent mo-
dern altronomers, concars 1 his fentiments.  Mr. Fergufon
fays, that fome of the mountains of the moon, by comparing
their heirht with her diameter, are found to be three times
higher than the highett hills on our earth ; and Keill, in his
« Aftronomical LeQures,” has calculated the height of St.
Catharine’s hill, according to the obfervations of Ricciolus, in
the manner above ftated, and finds it nine miles. Dr. Herlchel,
the moft accurate as well as induftrious obferver of modern
times, has directed hisattention tothisfub{'e&. Heoblerves,with
regard to the method purfued by Hevelius, that it will only

avail when the moonlis in her quadratures ; for in 2li other po-
fitions, the projeétion of the hills muft appear much thorter
than it really is. Let S LM, or s/m {fig. 15.) be aline
drawn from the fun to the mountain, touchiag the moon at
L or {, and the mountatn at M or m. Theu to an obferver
at E ore, the lines L M, or /m, will vot appear of the fame
length, though the mountains thould be of an equal height ;
for 1. M will be projected into ¢ n, and / minto O N. Bot
thefe are the quantities that are taken by the micrometer,
when we obferve a mountzin to proje@ from the line of illu-
mination. From the obferved guantity o #, when the moon
is not in her quadrature, to find L. M we have the following

analogy. The triangles ¢ O L, » M 1, ave fimilar ; there-
fore, Lo:LOuLr: LM, or LO—LX—Q—?::LM;
0

but L. O is the radius of the moon, and L r, oro n, is the
obferved diftance of the moon’s proje&ion, and L o is the
fine of theangle RO L = o L 5, which we may take to be
the diftance o§ the fun from the moon, without any material
error, and which, therefore, we may find at any piven time
froman ephemeris. ’

E.G. Obp June, 1780, at {even o’clock, De. Herfchel
found the angle under which L M, or L r appeared, to be

o".62¢, for a mountain 1n the fouth-ealt quadrant ; and the
un's diftance from the moon was 125 8!, whofe fine is
8104 ; hence, 40".625 divided by .8704, gives 50™.13, the'
angle under which L. M would appear, if feen dire@ly.
Now the femi-diameter of the mooun was 16! 2°.6, and tak-
ing its length to be rogo miles, we bave 16! 2.6 : 50".13
32 1090 : L M = g6.53 miles; hence, M p = 1.49 miles.

The inftrumeat ufed by Dr. Herfchel in his obfervations
was a Newtonian refle@or of fix feet eight inches focal
length, to which a micrometer was adapted confitting of two
parallel harrs, one of which was moveable by means of 2 fine
ferew. His obfervations were numerous, and from the ree
{ult of all, he concludes, that the height of the lunar moun-
tains in general is greatly overrated; and that, with the ex-
ception of a few, they do not generally exceed half 2 mile
in their perpendicular elevation. Our author had not an
opportunity of particularly obferving the three mountaing
mentioned by Hevelins ; nor that which Riccioles found to
proje&t a fixtesnth part of the moon’s diameter. If Keill,
he {ays, had calculated the height of this hill according to
the theorem which he has given, he would have found {{up-
pofing the obfervation to have been made, as he fays, on the
fourth day after ncw moon) that its perpendicular height
could not well be lefs than between 11 and rz miles. Phil.
T'ranf. vol. Ixx. pt. 2. art. 2g.

The heights, &c. of the lunar mountains being meafur-
able, aftronomers have taken occafion to give each its name.
Ricciolns, whom moft others now follow, diftinguithed them
by the names of celebrated aftronomers ; and by thefe names
they are ftill expreffed in obfervations of the ]}:xnar eclipfes,
&c. (Se fix. 16.} For an account of the VoLcawnos in
the Moon, fee that article. See alfo Lunar Srors,

Aftronomers are now generally of opinion, that the moon
has no atmofphere of any vifible denflity furrounding her, as
we have : for if the had, we could never fee her edge fo well
defined as it appears: but there would be a fort of milt or
hazinefs around her, which would make the ftars Jook fainter,
when they are feen through it. But obfervation proves,
that the ftars which difappear behind the moon retain their
full luftre until they feem to touch her very edge, and them
they vanifhk in 2 moment. This has been often obferved by
aftronomers, but particularly by Caffini of the flar » in the
breaft of Virgo, which appears fingle and round to the bare

K2 eye;
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eye ; but through a refrafting telefcope of fixteen feet, ap-
pears to be two fars {o near together, that the dx(’cance be-
tween them feems ta be but equal to one of their apparent
diameters. The moon was oblerved to pafs over /them on
the 21ft of April, 1720, N.S. and as her dark edge drew
near to them, it caufed no change in their colour or fituation.
At 25 min. 14 fec. paft twelve at night, the moft wefterly
of thefe ftars was hid by the dark edge of the moon; and
in 30 feconds afterward, the moft eafterly ftar was hid : each
of ‘them difappearing behind the moon in an inftant, without

any preceding diminution of magnitude or brightnefs; which -

by no means could have been the cafe if there were an at-
mofphere round the moon ; for then, one of the f‘tars falling
obliquely into it before the other, ought by refraction to have
fuffered fome change in its colour, or in its diftance from the
other ftar, which was not yet entered into the atmofphere.
But no fuch alteration could be perceived, though the ob-
fervation was performed with the utmoft attention to that
particular ; and was very proper to have made fuch a dif-
covery. The faint light, which has been feen all around the
moon, in total eclipfes of the funm, has been o}:gfer'ved, dl:lr-
ing the time of darknefs, to have. its centre comcuient‘wuh
the centre of the fun; and was therefore much more likely
to arife from the atmofphere of the fun, than from that of
the moon; for if it had been owing to the latter, its centre
would have gone along with the moon’s.

* If there were feas in the moon, fhe could have no clouds,
rains, nor ftorms, as we have; becaufe fhe has no {uch at-
mofphere to fupport the vapours which occafion them. And
‘every one knows, that when the moon is above our horizon
in the night-time, fhe is vifible, unlefs the clouds of our
atmofphere hide her from our view; and all parts of her
appear conftantly with the fame clear, ferene, and calm
afpe&. But thofe dark parts of the moon, which were

formerly thought to be feas, are now found to be only vaft-

deep cavities, and places which refleét not the fun’s light fo
ftrongly as others, having many caverns and pits whofe
thadows fall within them, and are always dark on the fides
mext the fun, which demonftrates their being hollow : and
moft of thefe pits have little knobs like hillocks ftanding
within them, and cafting fhadows alfo; which caufe thefe
places to appear darker than others which have fewer, or
lefs remarkable caverns. All thefe appearances fhew that
there are no feas in the moon ; for if there were any, their
furfaces would appear fmooth and even, like thofe on the
earth.

There being no atmofphere about the moor, the heavens
in the day time have the appearance of night to a lunarian
who turns his back towards the fun; and when he does, the
ftars appear as bright to him as they do in the night to us.
For it is entirely owing to our atmofphere that the heavens
are bright about us in the day. Some, however, have fuf-

eCted that at an occultation of a fixed {ftar by the moon, the
ftar did not vanith inftantly ; whilit the general opinion has
been that which we have above ftated. Mr, Schroeter,_of
Lilienthal, in the duchy of Bremen, has endeavoured to
eftablith the exiftence of an atmofphere from the following
obfervations. 1. He obferved the moon when two daysand an
half old, in the evening foon after {un-fet, before the dark

art was vifible, and continued to obferve it till it became
vifible. The two cufps appeared tapering in a very fharp,
faint prolongation, each exhibiting its fartheft extremity
faintly illuminated by the folar rays, before any part of the
dark hemilphere was vifible. Soon after, the whole dark
-limb appeared illuminated. This prolongation of the cufps
beyond the femicircle, he thinks, muft arife from the refrac-
tion of the fun’s rays by the moon’s atmofphere. He com-

putes alfo the height of the atmofphere, which refraéts
light enough into its dark hemifphere to produce a twilight,
more luminous than the light refle€ed from the earth when
the moon is about 32° from the new, to be 1356 Paris feet ;
and that the greateft height capable of refracting the folar
rays is 5376 feet. 2. At an occultation of Jupiter’s fatel-
lites, the third difappeared, after having been about 1 or 2"
of time indiftin& ; the fourth became indilcernible near the
limb ; this was not obferved of the other two. Phil. Tranf,
vol. Ixxxii, pt. 2. art. 16.

MooN, As #o the Influence of the, on the changes of our
weather, and the conftitution of the human body, we fhall
obferve that the vulgar do@rine concerning it is very ancient,
and has gained credit among the learned, without fufficient
examination ; but it is now generally exploded by philofo-
phers, as equally deflitute of all foundation in phyfical
theory, and unfupported by any plaufible analogy. ~The
common opinion is, that the lunar influence is exerted at the
{fyzygies and quadratures, and for three days before and
after each of thofe epochs. There are twenty-four days,
therefore,_ in cach {ynodic month, over which the moon at
this rate is fuppofed to prefide, and as the whole confifts but
of 29 days, 123 hours, only 5I days are exempt fromn her
pretended dominion. Hence, though the changes of the
weather fhould happen to have no conne&ion whatever with
the moon’s afpetts, and they fhould be diftributed in an
equal proportion through the whole fynodic month; yet
any one who fhall predi&, that a change fhall happen on
fome one of the twenty-four days affigned, rather than in
any of the remaining §£, will always have the chances 24 to
5% in his favour. Men may, therefore, eafily deceive them-
felves, efpecially in fo unfettled a climate as ours. More-
over, the writers who treat of the figns of the weather, de-
rive their prognoftics from circumftances, which neither argue
any real influence of the moon as a caufe, nor any belief
of fuch an influence, but are merely indications of the
ftate of the air at the time of obfervation: fuch are, the
fhape of the horns, the degree and colour of the light, and
the number and quality of the luminous circles which fome-
times {furround the moon, and the circumftances attending
their difappearance. (See the Awonusea of Aratus, and the
Scholia of Theon.) The vulgar foon began to confider
thofe things as caufes, which had been propofed to them
only as figns: and the notion of the moon’s influence on all
terreftrial things was confirmed by her manifeft effe& upon
the ocean. See on this fubjeét, Phil. Tranf. vol, lxv.
part 2. p. 178, &c.

The famous Dr. Mead was a believer- in the influence of
the fun and moon on the human body, and publifhed a book
to this purpofe, intitled ¢ De Imperio Solis ac Lunz in
Corpore humano :”” but this opinion has been exploded by
philofophers, as equally unreafonable in itfelf, and contrary
to faék. As the moft accurate and fenfible barometer is not
affeéted by the various pofitions of the moon, it is not
likely that the human body fhould be affeéted by them.
See Lunarric.

Moo, Harwveff. It is remarkable, that the moon, during
the week in which fhe is full in harveft, rifes fooner after
fun-fetting than the does in any other full-moon week in the
year. By dong fo, fhe affords an immediate {upply of light
after fun-fet, which is very beneficial to the farmers for reap-
ing and gathering in the fruits of the earth: and therefore
they dilftinguith #his full moon from all the others in the year,
by calling it the harveff-moon. Mr. Fergufon has given a
full account of the harveft-moon in his Aftronomy; the fub-
ftance of which is as follows, in a preblem on the common
celeftial globe,

Make
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Make chalk-marks all round the globe, on the ecliptic,
at 12§ degrees from each other (beginuing at Capricorn)
which is egual to the maon’s daily mean motion from the
fun: then elevate the north pole of the globe to the latitude
of any place in Europe; fuppofe London, whofe latitude

is 51} degrees north. R
This done, turn the ball of the globe round, weftward,

in its frame; and you will {ee that different parts of the
ecliptic make very different angles with the horizon, as thefe
parts rife in the eaft : and therefore, in equal times, very un-
equal portions of the ecliptic will rife.  About Pifces and
Avies, feven of thefe chalk-marks will rife in little more than
two hours, as meafured by the motion of the index on the
horary circle: but, about the oppofite figns, Virgo and
Libra, the index will go over ¢ight hours in the times that
feven marks will rife. The intermediate figns will more or
lefs partake of thefe differences as they are more or lefs re-
mote from thole above-mentioned.

Hence it is plain that when the moon is in Pifces and
Acies, the diﬂgrence of her rifing will be little more than
two hours in feven days ; but in Virgo and Libra it wiil be
eight hours in feven days : and this happens every month of
the year, becaufe the moon goes through all the figns of the
ecliptic in 2 month, or rather in 27 days, 8 hours,

The moon is always oppolite to the fun when fhe is full,
and the fun is never 10 Virgo and Libra but in our harveft
months ; and, therefore, the moon is never full in Pifces and
Avrizs (which are the {igos oppofite to Virgoand Libra) but
in our harveft months. Confequently, when the moon is
about her full in harvelt, (he rifes with le{s difference of time,
or more immediately after fun-fet, than when fhe is full in
any other month of the year. Inour winter, the moon isin
Pifces and Aries about the time of her firft quarter, and
rifes about noon ; but her rifing 1s not then taken notice of,
becaufe the fun is above the horizon, :

In fpring the moon is in Pilces and Aries about the time
of her change 3 and then, as the gives no light, and rifes with
the fun, her rifing cannot be perceived.

In fummer, the moon is in Pifces and Aries about the time
of her laft quarter; and then, as the is on the decreafey and
rifes not till midnight, her rifing generally paffes unobferved.

But in harveft, the inoonis full in Pifces and Avies (thele
figns being oppolite to the fun in our dutumnal montbs) and
riles foon after fun-fet for feveral evenings fucceffively ;
which makes her regular rifing very confpicuous at that time
of the year, as it is {o beneficial then to the farmers in afford.
ing them an immediate fupply of light after the going down
of the fun,

This would always be the cafe if the moon’s orbit lay in
the plane of the ecliptic.  But as the moon moves in an orbit
which makes an angle of 5 degrees 18 minutes with the
ecliptic, and crofles it ouly in the two oppofite points called
the nodes, hec rifing when in Pifces and Aries, will fome.
times not differ above an hour and forty minutes through the
whole of feven days; and at other times, in the {ame two
figns, fhe will differ three hours and a half in the time of her
rifing in a week, according to the different pofitions of the
nodes witl: refpeét to thefe figns ; which pofitions are can-
ftantly changing, becaule the nodes go backward through
the whole ecliptic in 18 years and 225 days.

This revolution of the nades will caule the harveft moons
to go through a whole courfe of the moft and leaft beneficial
ftates with reipedt to the farmers every nineteen years, The
following table fhews in what years the harvelt moons are
lealt beneficial as to the times of their rifing, and in what
yeers mott, from 1807 to 1861, The columns of years under
the letter L, are thofc in which the harveft moons are leaft

MOO

of all beneficial, becanfe they fall about the defcending
node s and thofe under M are the moft of all beneficial, be-
caufe they fall about the afcending node. In all the columns
from N to 8, the harveft moons gradually defcend in the
lunar orbit, and rife to lefs heights above the horizon, From
S to N, they afcend in the like proportion, and rife to
greater hei%hts above the horizon. In both the columns un.
der 5, the harvelt moons are in the loweft part of the moon’s
orbit, that is, fartheft fouth of the ecliptic ; and in the co-
lz'lmns under N, the reverfe. And in both thefe cafes, their
rilings, though not at the fame time, are nearly the fame with
regard to the difference of time, as if the moon’s orbit were
comcident with the ecliptic.

Years in which the harvelt moons are leaft beneficial,

N L 5
18G7 1808 1R09 1R10 18t1 1812 IJ813 1814 1BlS
1826 1827 1828 182G 1830 1831 1842 1533 1834
1844 1845 1846 1847 1848 1849 1850 1851 1859

Years in which.they are nioft beneficial.

S M N
1416 1817 1818 181G 1820 182) 1822 1823 1624 1825
1845 1836 1B37 1B3S JR39 1820 1841 1842 1813
1B53 1854 18S5 1856 1857 1258 1859 1860 1861

We may obferve farther, that in fummer with us the full
moons are low, and their Ray is fhort above the horizon,
when the nights are fhort and we have the lzaft occafion for
mooa-light : in winter they go high, and Ray long above the
hosizon, when the nights are long, and we wart the greateft
quartity of moon-light, Moreover as the fun is above the
horizon of the north pole from the zoth of March till the
23d of September, it 1 plain that the mocn, when full, being
oppofite to the fun, mult be below the horizon during that
half of the year. But when the fun is in the fouthern half
of the ecliptic, he never rifes to the north pole, during which
half of the year, every full moon happens in fome part of
the northern half of the ecliptic, which never fets. "Confe-
quently, as the polar inhabitants never fee the full moon in
fummer, they have her always in the winter, before, at, and
after the full, fhining for fourteen of our days and nights.
And when the fun is at his greateft depreflion below the ho-
rizon, being then in Capricore, the moon is at her firft quarter
in Arles, fullin Cancer, and at her third quarter in Libra.
And as the beginning of Aries is the rifing point of the
ecliptic, Cancer the higheft, and Libra the fetting point,
the moon rifes at her firlt quarter in Aries ; is moft elevated
above the horizon, and full, in Cancer; and fets at the be.
ginning of Libra in her third quarter, having continued vi-
fible for fourteen diurnal rotations of the earth. Thus the
polesare fupplied one half of the winter time with conftant
moon-light in the fun’s abfence ; and only lofe fight of the
moon from her third to her firlt quarter, while fhe gives but
very little light, and could bebut of little, and fometimes of
no {ervice to them.

MooN, Aeceleration of the.

Moon-Dial,  See DiaL.

Moo, Horizontal, See Apparent IST.AGNITUDE.

Moox, Primeof the. See Prink.

Moox-Eyes, inthe Manege, A horfe itfaid to have moor-
eyes when the weakn:fs of his eyes increafes or decreafes ac-
cording to the courfe of the moon ; fo that tn the wane of the
moon his eyes aré muddy snd troubled, and at new moou
they clear up ; but @il be isin danger of lofing his eye-fight
quite.

See ACCELERATION.

Mooxn-
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